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(57) Abréegée/Abstract:

According to certain embodiments, a system comprises a controller and an HVAC system with components comprising an
evaporator unit comprising an evaporator coll, an indoor fan, and a discharge air duct and a condenser unit comprising a
compressor, a condenser coll, and an outdoor fan. The system Is configured to determine that a first or a second level of
evaporator coll freeze risk Is present and to communicate an instruction to the HVAC system with a first or a second action to
counteract the freeze risk. For example, In certain embodirnents, the actions comprise changing the indoor fan speed, changing
the compressor speed, and changing the outdoor fan speed.
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ABSTRACT.
According {0 certain embodiments, a sysiem comprises a controiler and an
HYAC system with components comprising an ¢vgporator umit comprising an
evaporator coil, an indoor fan, and a discharge air duct and a condenser unit
5 Comprising a aoznpreésor, a condenser cotl, and an outdoor fan. The system is
configured to determine that a first or a second level of evaporator coil freeze risk is
present and to communicate an instruction to the HVAC system with a fust or a
second action to counteract the freeze risk. For example, in certain embodiments, the
actions comprise changing the indoor fan speed, changing the compressor speed, and

10 changing the outdoor fan speed.
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EVAPORATOR COIL PROTECTION FOR HVAC SYSTEMS

TECHNICAL FIELD

Certain embodiments of the present disclosure relate generally to control of

HVAC system operation to prevent negative performance due to freeze conditions.
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Heating ventilation and air condiioning (HVAC) systeins may use an
evaporator coi as a heat exchanger (o facilitate heat transfer between the system and
the space being provided with conditioned air. As a result of loss of refrigerant

5 charge, lower ambient conditions, lower load requirement, or lower gir flow from a
dirty anr fHilter or degraded indoor blower molor, the surface temperature of the
evaporator may fall below the desirable temperature. This may lead to the formation
and buildup of ice on the surface of the evaporator coil as water vapor in the air
passes over the coil. Consequently, the buildup of ice may further decrease the heat

10 transter performance of the coil and impede air passing over the evaporator coil.
These problems compound each other to lead to further freezing of the evaporator

cotl, reguced cooling capacity, and reduced compressor reliability.
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SUMMARY OF THE DISCLOSURE

A SR LA Sy ol

According to certain embodiments, a system comprises a confroller and a
plurality of HVAC components, The HVAC components comprise an gvaporator umit
and a condenser unii, The evaporator unit comprises an evaporator ¢oil and an indoor
fan. The indoor fan is configured to cause movement of air over the evaporator ¢oil
and through a discharge air duct positioned downstream of the evaporator cotl when
the indoor fan is operating. The condenser umt CoOMPprises a CoOmMpressor, a condenser
cotl, and an outdoor fan. The compressor 1s configured to drive refrigerant through
the HYAC components, and the outdoor fan is configured to cause movement of air
over the condenser coil when the outdoor fan i1s operating.

n some embodiments, the conirolier is configured {o receive first sensor data
frome one or more sensors. Each sensor is configured to sense a property associated
with the HYAC components. The controller 1s further configured to determine, based
on the first sensor data, that the evaporator coil is experiencing a first level of freezs
risk. In response to determining that the evaporator coil is experiencing the first level
of freexe rnisk, the controller is configured to send the HVAC components anm
instruction 1o perform 2 first action. The controller is further conficured to receive
second sensor data from the one or more sensors and determine, based on the second
sensor data, that the evaporator coil is experiencing a second level of fieeze risk. The
second level indicates a greater risk of freczing than the first level. In response to
determining that the evaporator coil is experiencing a second level of freeze risk, the
controller 15 contigured o send the HVAC components an instruction to perform a
second action.

in some embodiments, the first sensor data comprises a first temperaiure
sensed by a discharge air temperature sensor that is configured to sense air
temperature in the discharge air duct. The controller is configured (o determine that
the evaporator coil i3 experiencing the first level of freeze risk when the frsi
temperature is below a first threshold.

i some embodiments, the second sensor data comprises a second temperature
sepsed by the discharge air temperature sensor.  The controller is configured to

determing that the evaporator coil i3 experiencing the second level of freeze risk when

CA 3029520 2019-01-10



¥

10

ES

28

34

the second lemperature is below g second threshold-—the second threshold is less than
the first threshoid.

in some embodiments, the first action comprises increasing the speed of the
indcor fan. In some embodiments, the second action comprises reducing the speed of
the compresser and reducing the speed of the cutdoor fan.

fn some embodunents, the controller is further configured to determine, on 2
periodic basis, whether the compressor has been operating at the reduced speed for a
first pre-determined amount of time. In response {o determining that the compressor
has been operating at the reduced speed for the first pre-determined amount of time,
the coniroller is configured to send the HV AL componenis an instruction o increase
the compressor speed for a second pre-determined amount of time. In response to
determining thai the second pre-determined amount of time has elapsed, the controller
is configured to send the HVYAC components an instruction to resume ape;ating the
compressor at the reduced speed.

In some embodiments, the first action comprises increasing the speed of the
mdoor fan to a maximum speed and the second action comprises decreasing the speed
of the indoor fan.

in some embodiments, the second aciion comprises determining whether
reducing the compressor speed to a setting configured to mitigate the second level of
freeze risk would cause the compressor to operate below a minimum compressor
speed. In response to determining that reducing the compressor speed would cause the
compressor to operate below the minimum compressor speed, the second action
further comprises initiating a procedure to shut off the compressor and the outdoor
tan.

in some embodiunents, the controller is further configured to receive third
sensor data from the one or more sensors and determine, based on the third sensor
data, that the evaporator coil has recovered from the first level of freeze risk and the

ceond levet of freeze risk. In response to the determination that the evaperator coll

P

nas recovered from the first fevel of freeze risk and the second level of frecze risk, the
controtler 15 configured to send the HVAC components one or more insiructions that

cause the HY AC components 10 resume normal operation.
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In some embodunents, the fhirst sensor data and the second sensor data
comprise pressure data recetved from a pressure transducer. In some embodiments,
the cne or more sensois sense properties other than a coil femperature of the
evaporator cotl,

According to certain embodiments, an HYAC system may have an evaporator
unit and a condenser unit. The condenser unit may have a compressor, a condenser,
and a condenser fan. The evaporator enit may have an evaporaior coil, 2 blower fan,
a discharge awr duct, and at least one sensor. As an example, according o certain
embodiments, the sensor may be a discharge air temperature sensor or an airflow
meter located in the discharge anr duct, As another example, according {0 certain
embodiments, the sensor may be a pressure transducer, The components of the
evaporator unit may be coupled to the components of the condenser unit via
refrigerant tines. The HVAC system (including any svitable component(s) thereof)
may be communicatively coupled o a controfler. The controller may control the
operation of the HV AL system components.

The sensor may be positioned in such a way as to enable the controller to
getenmine surface temperature characteristics of the evaporator coil based on sensor
data received from the sensor {e.g., without requiring any freeze stat or similar
teroperature sensor to directly measure the surface of the evaporator coil),
Additionally, unbike a freeze stat sensor that only measures a discrete portion of an
evaporator cotl, the sensor disclosed hercin may be positioned such that the controller
may accuraiely approxunate the characteristics of the enrire evaporator coil based on
sensor data recerved from the sensor. In certain embodiments, multiple sensors of
various iypes may be employed fo measure sensor data from which the controller
determines the surface temperature characteristics of the evaporator coil.

According to certain embodiments, the sensor will communicate data from the
sepsor €0 the controlier, In certain applications, the contreller will determine, based
on the sensor data, that the performance of the evaporator coil has degraded. The
detected performance degradation may indicate to the controller that the cvaporator
coil 18 experiencing or is about {o experience a freeze sisk, The controller may detect
multiple levels of freeze risk, with successive levels of freeze visk indicating &

beigntened level of the evaporator coil freezing over.  For example, in certain
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embodinients, the controlier may be configured to detect, based on the sensor data, a
first freeze risk and a second more severe freeze risk.

According to certain embodiments, the controller may be configured 1o control
the operation of the various components of the HVAC systermn. Based on detecting a
3 certain lovel of frecze risk, the conirollier may change the operation of certain selected
components from their ordinary or their presently selected operation. For example,
when the coniroller determings that the evaporator coil is experiencing a frecze risk
the controller may increase the speed of the blower fan, causing a greater smount of
air t0 pass over the evaporator coil with the destred effect of reducing the risk of the
i0 evaporator coif freezing., In certain other embodiments, when the controller
determines that the evaporator coll 1s experiencing a freeze risk the controller may
decrease both the compressor speed and the condenser fan speed, causing refrigerant
with a relatively higher evaporating temperature to flow through the evaporator coil

with the desired effect of reducing the risk of the evaporator coil freezing.
i3 In ceriain ¢mbodimenis, the controller may respond to a determination that
there is a freeze risk by both increasing the blower speed and decreasing both the
compressor speed and condenser fan speed. In some embodiments, the controller
may, in response to determining that the evaporator coil is experiencing a first level of
freeze risK, increase the speed of the blower fan, and in response to determining that
20 the evaporator coil 15 expeniencing a second level of freeze risk, decrease both the
compressor speed and the condenser fan speed. In some embodiments, the controller
may determine that the second level of freeze risk has occurred by receiving data from
the sensor that indicales the second level of freeze risk. For example, the second level
of freeze risk may be indicated by determining that the conditions of the evaporator

coil have continued to decline or that, for a predetermined amount of time, the

o
LN

conditions of the evaporator coil have held steady or have not improved significantly.
in cerfam embodiments, the controller may, afler reducing the compressor
speed in response o deternmining that the evaporator coil was experiencing a freezs
risk, cyele the compressor speed from the reduced speed selected to a greater
3 compressor speed to protect the compressor from damage from operation at a reduced
speed for too long. In some embodiments, the controller may determmine to shut off

the compressor rather than operate the compressor at a reduced speed if the desired
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reduced speed is less than the acceptable minmmum compressor speed for avoiding
damage 10 the compressor.

In ceriain embodiments, the controlier may return the HVAC system to normal
operation after determining, based on the received data from the sensor, that the
conditions of the evaporator coil no longer pose a risk of freezing over.

Certain embodiments may provide one or more technical advantages. As an
example, certain cmbodiments may better protect against evaporator coil frecze
compared to conventional freeze stat protection. Conventional freeze stat protection
may only measure a discrete portion of an evaporator coil.  As a resuit, conventional
freeze stat protection may il to detect the overall condition of the evaporator coil or
may fail to detect pre-freezing or freezing conditions at certain cold spots on the
evaporator coil {e.g., cold spots cccurring outside of the discrete portion measured by
the freeze stat sensor). Furthermore, certain embodiments may provide an advantage
of layered responses to counteracting evaporator coil freezing events when compared
to cenventional systems that merely cease operation of the compressor. Ceriain
embodiments may allow for determining a condition of an evaporator coil using
sensor data from a discharge air temperature sensor, a pressure transducer, or other
existing sensor (i.e., a sensor that has an additional/existing purpose in the HVAC
system otber than just providing sensor data from which the temperature of the
cvaporaior coil 1s determined). As a resul, certain embodiments may omit a freeze
stat protection senscr, which may allow for a simpler design and reduced cost.
Certain embodiments may include all, some, or none of the above-dascribed

advantages. Other advantages will be apparent to those of ordinary skill in the art.
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BRIEF DESCRIPTION OF THE DRAWINGS
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For a more complete understanding of the present disclosure, reierence is now
made to the following description, taken in conjunction with the accompanying
drawings, th which:

5 FIGURE 1A illustrates an example HYAC system with evaporator coil
protection;

FIGURE 1B tllustrates an example HVAC system with cvaporator coil
proleciion represented as a system block diagram;

FIGURE 2 tllustrates an example controller;

16 FIGURE 3 is a flowchart illustrating a method that may be performed by the
HVAC system to reduce freczing of the evaporator coil; and
FIGURE 4 is a flowchart illustrating a method that may be performed by the

HYAC system to control the operation of the compressor.
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Embodiments of the present disclosure and its advantages are best understood
by referring to FIGURES 1 through 4 of the drawings, like numerals being used for
like and corresponding parts of the vanous drawings.

Hesting ventilation and atr conditioning (HVACQC) systems, such as heat pump
systemis, air conditioning sysiems, combined heating-and-air conditioning systems,
and refrigeration systems, each function {0 condition a space. As an ¢xample, an
HVAC system configured to perform air conditioning functionality may lower the
temperature and remove humidity from the conditioned space. The HVAC system
may achicve this desirable effect by employing a refrigeration cycle. By compressing
a refrigerant and circuiating the compressed refrigerant through the HVAC system,
usually first through a condenser, then through an expansion device, and lastly
through an evaporator before returning to the compressor, cooling may be achieved
within the conditioned space. Air present in an air duct surrounding the cold surface
of the evaporator will experience a reduction in temperature resulting from the
transter of thermal energy out of the air and into the refrigerant circulating within the
evaporator coil. An indoor fan or a blower fan may drive air over the cold evaporator,
carrymg now-cooled air away from the evaporator and into the conditioned space.

Paring operation of an HVACU system the evaporator coil may suffer loss in
performance as a result of ice forming on the evaporator itself. lce my form on the
exterior of the evaporator for a variety of conditions, For example, common causes of
ice formation include loss of refrigerant charge, low ambient temperatures, dirty
evaporator cotis, uneven air flow distribution over the evaporator, fow load
requirement, mdoor blower fan degradation, low refrigerant saturate suction
teraperature, and reduced air flow over the evaporator such as may occur with a dirty
or vlocked air filter. These issues may cause the surface iemperature of the
evaporator coil, either acress the entire evaporator or localized to particular regions, to
fall. It the temperature of the air passing over the evaporator drops below the dew
point, any water vapor that may be present in the air will begin (o condense onto the
evaporator diself. If the HVAC system continues operating with the evaporator coil
below the freezing point of the moisture condensing on the coil, this inevitably leads

to the formation of ice on the surface of the evaporator,
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An evaporator cxperiencing a freeze risk and uitimately experiencing the
formation of ice on the suvrface of the evaporaior coil will have diminished
performance. The buildup of 1ce may increase the heat resistance of the evaporator
and slow heat transter between the refrigerant and the air.  Ice buildup may also
reduce the rate of air flow that passes over the evaporator’s surface, further reducing
conling capacity. The reduced heat transfer between the evaporator and the air may
exacerbate the temperature drop of the evaporator coil, leading to further ice buildup
and ncreasingly poor performance of the HVAC system. Not oni‘y is the reduced
cooilng to the conditioned space an inconvenience, it may cause reliability issues and
decrease the life of the system itself. For instance, when the evaporator’s heat transfer
rate Is reduced as a result of the formation of ice, this can lead to lower refrigerant
suction pressure which may cause reliability issues for the HVAC system’s
CONIPIesSSoL.

Some conventional svstems may use a freeze stat installed proximate the
evaporator to protect agamst the HVAC system continually operating once the
evaporaior has begun 1o experience ice butidup. This freeze stat may have a first
setpoint for a temperaiure close to the freezing point. When the freeze stat detects
that the temperature of the evaporator coil has reached the first setpoint, the HVAC
system will swiich the compressor off. The compressor will not resume operation
untit the frecze stat detects that the temperature of the evaporator ¢oil has risen o a
second setpoint configured (o fndicate that there is no remaining ice and no longer a

trecze risk.

.

{Certain embodiments of the present disclosure may have advantages over

1|

conventional systems using a freeze stal. For example, certain embodimenis reduce
cost in materials and operational cost because the freeze stat and assoelated
components can te omitied from the HYAC sysiem.  Ancther advantage of certain
exnbodimnents ia that the HYAC sysiem can detect a freeze risk that occurs anywhere
on the evaporator, such as freere risk that occurs on the evaporator coil as a whole.
This 15 an advaniage compared o the conventional freeze stai because the
copventional freeze stat may only detect freezing of a discrete portion of the
evaporator cotl temperature (which might not necessarily be the portion of the

cvaporator ool that s experiencing the risk of freezing).  Additionally, cerain
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embodiments improve user comfort within the conditioned space. For example,
rather than employing g freeze stat that causes the compressor to completely turn ot
when detecting a freeze event, cmbodiuments of the present disclosure may fake
actions to roitigate a freeze risk in order (o reduce the frequency/likelihood of having
to turn the compressor completely off. It is understood that certain embodiments may
include other advantages and that the advantages described are merely e¢xamples.
Certatn embodiments may include all, some, or none of the above-described
advantages. Other advantages will be apparent to those of ordinary skill in the art.

FIGURE 1A illustrates an example HVAC system 100 with a plurality of
HVAC components. HVAC system 100 may include an evaporator unit and a
condenser unif. The condenser unit may include a compressor 102, a condenser 108,
and a condenser {an 107 within a condenser housing. The compressor 102 may be a
variable speed compressor, a reciprecating compressor, a hermetically sealed
compressor, a plurality of compressors operating in parallel, or any other type of
compressor comumnonly used in HYAQC systems {0 compress 2 medium or refrigerant
and circulate the refrigerant throughout the HVAC system 1008, Refrigerant tubing
109 may be used to circulate the compressed refrigerant within HVAC system 106,
The condenser 108 may be an air-cooled condenser or other type of condenser
commonty used m HY AC systems. The condenser 108 may have an outdoor fan 107
to move air over the condenser 138 and increase the rate of heat transfer between
ambient air and the working medium within the condenser 108. The outdoor fan 107
may be referred to as a variable speed or multi-speed condenser fan.

In certain emboduments, the evaporator unit of HVAC system 100 may include
an indoor fan 1023, an evaporator 101, an air duct 1006, and a sensor 134. The HVAC
system 100 may provide cooled air 1o conditioned spaces using mechanical or forced
ventiiation. An indoor fan 133 may be disposed within an air duct 106 1o drive the
movement of air in the aw duct 106. The indoor fan 103 may be referred to as 3
variable speed or multi-specd air handler or as a variable speed or multi-speed biower,

in certain embodiments, the evaporator 101 may be a heat exchanger of any
type commoniy used in HY AL systems. The cvaporator 101 may be the kind vused in
closed compressor driven circulation of liquid coolant or refrigerant which has

radiator couls. In coertzin embodiments, the evaporator 101 may be disposed within

CA 3029520 2019-01-10



'

1

13

12

the atr duct 106, The evaporator 191 may be positioned so that the bulk of the air
peing driven through the air duct 106 by indoor fan 103 passes over evaporstor 101 {0
nroduce heat transter trom the refrigerant in evaporator 101 (o the air passing over the
evaporator 101,

In certain embodunents, the one or more sensors 104 may be a temperature
sensor or any other lype sensor commondy used in HVAC systems. In certain
embodiments, the HY AC svstern 100 may operate with one or more sensors 104 other
than a frecze stat sensor that senses the temperature of evaporstor coil 101 {e.g., the
freeze stal may be ophional and may be omitted from certain embodiments).

In some embodimenis, the air duct 136 may continue downstream from the
cvaporator coil 101, this downstream region of the air duct 106 may be referred o as
the discharge air duct 106. One or more sensors 104 may be disposed within the air
strearn in the discharge atr duct 186, The one or more sensors 104 may be positioned
a distance downstream from the evaporator 101, The number and placement of the
one or more sensors 104 may be selected based on a desire to both be close encugh to
the evaporétor to receive accurate and nearly mnstantaneous information regarding the
pertormance of the evaporator coils 101 and also be further away from the evaporator
coiis 101 such that the air may sufficiently mix and may be considered nearly uniform
s that the one or more sensors {04 may accurately perceive the operating status of
the whele evaporater 181,

in some embodiments, at least one of the sensors 104 may be a discharge air
temperature (DAT) sensor, The one or more sensors 134 may measure the air
teraperature of the air within the air duct 106 in order to predict the saturated suciion
femperature.

in certam embodiments, the one or more sensors 104 may produce sensor data
assocsated with a sensed property of the HVAC components. In some embodiments,
the one or more sensors 104 may sense the operating conditions of the evaporator
101, For example, the operating conditions of the evaporator 101 may include the
temperature of the refrigerant within the evaporator coil 101, the surface temperaiure
of the evaporator coil 18, the air temperature of the air passing over the evaporator
conl 104, the relvigerant pressure within refrigerant tubing 109, etc. The one or more

sensors 104 may be communicatively coupled to controller 105 to comumunicate
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sensor data 1o controller 105, The one or more sensors 104 may continuously
transmit sensor data (o controller 105 or may periodically transmit sensor data o
controller 103,

In certain embodiments, the HY AU system 100 may include a controlier 1{3.
The controller 103 may be part of the evaporator unit, part of the condenser uni,
integrated into one of the other components of HVAC system 100, or may be remote
from HVAC system 100. Controller 103 may conirol the operation and functionality
of HVAC svstem 100 and its associated components. In certain embodiments,
controller 105 may be configured ¢ control HVAC system 100 in such a way as {o
operate HVAC system 100 to protect the evaporator 101 from experiencing
performance loss from freeze evenis. Ab example of controller 105 will be described
in further detail in FIGURE 2 below, and exampies of operations of performed by
controtler 105 will be described with respect to FIGURES 34 below.

In certain embodunents, the controller 105 may be configured to calibrate the
one or more sensors 104, Calibration of sensors 104 may be manually calibrated in
controller 105 by pre-programming or may be automatically calibrated by controlier
105, in some embodiments, the conirolier 135 may calibrate the received sensor data
based on the distance away from the evaporator 101 that the one or more sensors 104
are installed. In some embodiments, the controtler 105 may calibrate the received
sensor data based on user mput of manually measuring the surface temperaiure of
evaporaior 101,

in certain embodiments, the controller 105 may be configured with two
predgetined temperature setting in a controf algorithm for detecting and preventing the
cvaporator cotf 101 from freezing, For example, the one or more sensors 134 in the
discharge air duct 106 may continuously monitor the discharge air temperature (DAT)
of the air downsircam from the evaporator coil.  As the HVAC system 100 is
operating, the evaporator coils 101 may be cooled by the refrigerant such that the
evaporator may cood the air moving through the air duct 106, If the air moving over
the evaporator coit 101 is, for a variety of reasons, insufficient to maintain the
temperature of the evaporator coil 141 through the transter of heat from the warm air
to the cold evaporator coil 101, then the surface temperature of the evaporator coil

101 will continue to fall. The controlier 105 may recognize that the temperature of
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the evaporator coti 101 has fallen and hags reached a temperature which presents 4 risk
of the evaporator cot freezing based on the DAT data received from the one or more
sensors 104 m the discharge aw duci 186, The controller may command the HYAC
system 100 o take a first action when the DAT has fallen below the first predefined
temperature. ], after commanding the HY AC system 1080 {o take the first action, the
AT does not increase 10 a satistactory temperature or if the DAT falls below an even
colder second predefined temperature, the controlier 1885 may command the HVAC
system 100 to take a sccond action. Examples of the different actions that the
controlier 103 may command the HVAC system 100 to employ will be discussed in
further detail in the discussion of FIGURES 3-4.

In certain embodimments, the controller 105 may respond to a freeze risk by
taking an action o counteract the falling temperature of the evaporator 101 in an
gifort to prevent the evaporator ¢oil 101 from freezing and losing performance, In
certain embodiments, an action that the confroller 105 may command the HVAC
system 100 {0 take m an atiempt 1o return the evaporator tempersture to normal
above-ireezing operation inciudes increasing the speed of the indoor fan 103. For
example, during normal operation, the indoor fan 103 may be operating at a certain
speed, the speed may have been selected by the control logic or according to a
predetined speed, such as a spead selected by controller 105 to drive the {emperature
ot the condiitoned space toward a setpoint received from a thermostat. Based on the
recetved DAT data indicating a freeze risk, the conirolier 105 may increase the spesd
of the mdoor fan {03 from anywhere in the range of the current operating fan speed
and the maximum possible fan speed. By increasing the speed of the indoor fan 103
the HYAC asystem 100 increase the volumetric flow rate of air passing over the
evaporator o RO In general, as volumetric flow rate increases so oo does the rate
of beat transter. By increasing the rate of heat transfer between the evaporator coil
101 and the air, the temperature of the evaporator coil may increase, the DAT may
inerease, and the freeze risk may be raducad or eliminated.

in certain cmbodiments, another action that the conirolter 1035 mav command
the HYAC system 100 1o take in an attempt to retarn the evaporator teraperature o a
normal above-freezing operation includes reducing the speed of the compressor 102,

For example, during normal cperation, the compressor 102 supplics compressed
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refrigerant a certam rate. Based on the received DAT data indicating a freeze risk,
the controller 103 may slow the speed of the compressor 102 {o anywhere in the range
of the current operating compressor speed to completely shutting the compressor off.

As the compressor speed 15 decreased, the mass tlow rate of refrigerant delivered to

TN

the evaporator 1s decreased and thus the raie of heat {ranster to the evaporator is

decreased. The cvaporator surface temperature i1s therefore increased due to the

increased evaporating temperature.  Based on the DAT temperature, the controller

105 may determine the appropriate reduction in speed for the compressor 102 so that

the temperature of the evaporator ¢ot! may increase, the DAT may increase, and the

0 freeze risk may be reduced or ¢himinated. When the speed of the compressor is
reduced, the speed of the condenser fan may also be reduced in order {0 achieve more
efficient operation,

In certain embodiments, the controller 105 may take all, some, or none of the
actions Just described, and/or other actions. The controller 103 may also elect to

S choose a2 mix of actions. For example, based on the mode and desired temperature
selected by a user and a particular DAT data received, the controller 105 may
determine to increase the speed of the indoor fan 103 from fifty percent to seventy-
five percent and decrease the speed of the compressor 102 from one hundred percent
to seventy-five percent along with decreasing the speed of the outdoor condenser fan

20 167 from seventy five percent o fifty percent. In cerfain embodiments, the
appropriate action determaned by the controller 105 may be determined based at least
in part on factors comprising maintaining the performance of HVAC system 100 at
the level selected by a user, minimizing total load of the system to reduce energy
consumption and mprove efficiency, maintain  reliability of HVAC svstem

23 components, as well as other factors. '

FIGURE 1B iHusirates an example HVAC system with a plurality of BVAC
components.  FIGURE 1B s anslogous to FIGURE 1A and represents the
corpponents of FIGURE 1A in system block diagram form. Tt is understood that
FIGURE TA and FIGURE 1B are mercly intended as example embodiments. The

30 disclosure should be understood as applving to any suitable HVAC sysiem and is not

t: be interpreted as being iimited to only residential or split system HVAC units. In

certamn emsodunents the present disclosure may also be applied in commercial HVAC
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systems.

Referring now to FIGURE 2, HVYAC system 100 may include one or more
controllers 105 that control operation of the HVAC system 100 and its associated
components, in the ithustrated embodiment of FIGURE 2, contreller 105 includes a

memory 210, processing circuitry 220, and an nterface 230, In an emboediment,

(7t

controller 135 may comprise, or be coupled to, 3 compwter-readable medium with
memory 218 for storing controd logic or instructions for operating HVAC system 100
components. Controller memory 210 may be a volatile or non-volatile memory of
any known type commondy used in HYAC systems. Controfler 105 may store

10 computer executable instructions within memory 210. The computer execuiable
instructions may be included in computer code. Coniroller 103 may be implemented
with hardware, software, firmware, or any combination thereof,

ontroller 105 may, additionally, be implemented with processing circnitry

220 for executing stored mstructions.  Controller 105 may be responsive to or

is - operabie to execute instructions stored as part of software, hardware, integrated
circyits, firmware, micro-code or the like, The functions, acts, methods or tasks
periormed by controller 103, as described herein, may be performed by processing

circuitry 220 execuling mnsiructions siored in mémory 214, The instructions are for
impiementing the processes, {echniques, methods, or acts described herein. Controller

28 processing efrcuitry 220 may be any known type of processing circuitry commonly
used in HVAC systerns.  The processing circuitry may be a single device or a
combination of devices, such as associated with o network or distributed processing.
Controller 105 may operably couple to HVAC sysiem 100 componenis via wired or
wireless connections.

23 Controller 185 may receive data, which may comprise signals from one or
more sensors H04. The data received by controlier 108 may be received directly from
the ome or more sensors 104, or, may be received indirectly through one or more
intermediate devices such as a signal converter, Processing circuitry, an input/output
interface {e.g. interface 230, an amplifier, a conditioning circuit, a connector, and the

36 ke, Controller 105 may operate HVAC system 100 components in response 1o
recetved data the one of more sensors 104. Addtionally, controlfer 105 may operate

HYAC system 100 components in response 1o user input, demands of the conditioned
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space, refrigerant and/or ambient air conditions, control iogic, and the like.

FIGURE 3 is a flowchart illustrating an example of operating example HVAC
systems with evaporator col protection. It 1s understood that embodiments shown are
simply used as examples and the nvention is not restricied to these embodiments
alone. In particular erobodiments, controller 105 will carry out operation 300 and
command the HVAC system 100 to take certain actions. In particular embodiments,
the operation will be inihated in step 302 where the controller 105 will receive first
sepsor data from the one or more sensors 104, As an example, in certain
embodiments the sensor data received by the controller 105 in step 302 may be the
DAT of the air in the discharge air duct 106 sensed by the one or more sensors 104,

tn particular emnbodiments, in siep 304 the controller 105 may determine if the
cvaporator coil 101 is experiencing a first level of freeze visk. To deiermine the first
level of freeze risk in step 304, the controller 105 may compare the DAT received in
step 302 to a fust predetermined temperature threshold. If the DAT is above the first
predetermined temperature threshold, the controller 105 will instruct the HVAC
systern 100 to continue {(or resume) normal operation.  After instructing the HVAC
system 100 to operate according to normal operation, the controller 105 may, from
time-to-time, reinitiate operation 300, starting at step 302, If the coniroller 103
determines i siep 304 that the DAT is lower than the first predetermined threshold,
the controiler 105 may adjust the speed of the indoor fan 103 in step 308. For
example, the controller 105 may instruct the indoor fan 193 to operate at its maximum
speed to merease the rate of heat transfer between the evaporator coil 101 and the air
being moved over the fan by the indoor fan 103,

in particular embodiments, in step 310 the controller 105 may determine if the
evaperator coil 101 1s experiencing a second level of freeze risk after increasing the
speed of the indoor fan 1{13. To determine the second level of freeze risk in step 310,
the controller 105 may compare the DAT of a new second sensor data received from
the one or more sensers 104, 1Wthe DAT has not fallen below the second, even colder
predetermined temperature threshold, then the controlier 105 mayv instruct the HYAC
system 100 1o continue operating the indoor fan 103 at the adjusted speed but
otherwise take no further action. I however, the DAT has fallen below the second,

even colter predetermined temperature threshold, then the controller 105 may instruct
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the HVAC system {08 to adjust the speed of the compressor 102 and associated
cutdoor fan speed in step 312, In step 312, the controller 105 may instruct the
comprassor 182 o slow its speed io reduce the volumetric flow rate of the refrigerant

being cycied through the HVAC system 100 to reduce the freeze risk of the

W4

gvaporator coil 102, In somce embodiments, in order to reduce the sysiem power
consumption and operate more efficiently, in step 312 the controller 105 may also
mstract the HY AC systemy 108 to decrgase the speed of the condenser fan 107 and
reformn the mdoor fan 103 1o a speed that 15 less than the maximum speed. As an
example, indoor fan IG.’S'may be operated at its normal operating speed. As another
1) example, tndoor fan 103 may be operated at a speed that is the midpoint between (a)
the maximurm speed of indoor fan 103 and (b) a speed that has been pre-defined for

indoor fan 103 when compressor 102 is shut off.
In particular embodiments, in step 314 the controller 105 may determine
whether the adjusted speed for the compressor 162 selected in step 312 falls below the
15 minimum acceptable speed for operating the compressor 102 to ensure operational
reliability of compressor 102. If the selected compressor speed from step 312 falls
below the minumum acceptable speed, the controller 103 will shut off the compressor
102 m step 316 rather than operate the compressor below the minimum acceptable
compressor speed.  The adjustment of the compressor speed in sieps 312-316 will be

0 deseribed tn further detail in FIGURE 4.

In particular embodiments, the controller 105 may, after taking a first or a

t‘\J

second action, returmn the HYAC systemn 1006 to the normal operating conditions afier
determining in steps 304 or 310 that the DAT has risen above both the first and the
second predetermined temperature thresholds, For example, if the DAT has risen
25 above the first gnd the sccond predetermined temperature threshald then the HYAC
system 1) may resume normal operation because the evaporator coil 101 is ne

longer experiencing either a first or g second fevel of freeze risk.
The method described with respect ic FIGURE 3 may have more or fewer
steps, and the steps may be performed in any suilable order. As an example, steps
30 H2-308 may be performed after steps 310-316 {c.g., depending on the opttmal
FESpOnse Lo a given frecze nisk sefected by the controller 105). Altheugh FIGURE 2

has been described as using two thresholds to detect two levels of freese risk, other
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embodiments could include more thresholds in order to allow for different
combinations of actions 1o be taken to reduce the ireeze risk,

FIGURE 4 is a flowchart iflustrating a method of operating compressor 102 of
example HVAC system 100 with evaporator coil protection. It is understood that
embodiments shown are simply used as examples and the invention is not restricted to
these embodiments alone. In particular embodiments, controller 105 will carry out
operation 400. In certain embodiments, operation 400 may be implemented when
controller 105 adjusts the speed of the compressor 102 in step 312. In certain
embodiments, operation 400 may be employed to ensure adequate oil circulation
within compressor 102 during sustained operation of compressor 102 at a low speed.
For example, when compressor 102 is operating at an adjusted speed of thirty-five
percent, confroller 105 may increase the speed of compressor 102 from thirty-five
percent to fifty percent for a couple of minutes out of every hour. In certain
embodimenis, controller 105 may also reduce the speed of outdoor fan 107 as a
function of the reduced compressor speed. Feor example, the outdoor fan 107 may be
reduced in speed based on a predefined control algorithm or may be reduced in speed
according to a measured head pressure of HVAC systemn 100 to ensure that suction
and discharge pressure ratio is controlled.

In some embodiments, operation 400 may be used to determine that the
compresser 102 should be shut off when the adjusted compressor speed would be less
than the minimum required speed of compressor 162, For example, if the adjusted
compressor speed would be less than thirty percent of the rating speed of compressor
102, the compresser 102 may be shut off instead of operating below the minimum
required speed. in some embodiments, the shut off sequence may be incremental or
gradual by predefined rate. Once the compressor 102 is shut off, it may not be
restarted for a period of time following a sequence of operation for reliability. In
some embodiments, the compressor 102 may ramp to a percentage of speed level at a
predefined rate and maintain that speed level for a period of time before altering the
compressor speed (o the HYAC svstem 100 load requirement.

In some embodiments, the operation will be initiated in step 402 where the
controller 105 will select a desired compressor speed hased on sensor data received

from the one or more sensors 104, In step 404, if the selected compressor speed falls
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below a minimwn required speed of compressor 102 then controlier 105 may
command compressor 162 to shut off in step 406, Condroller 105 may initiale a shut
off procedure in step 46 to shut off the compressor 102 and the outdoor fan 107,

In some embodiments, if the selecied compressor speed s not below the
minimum required compressor speed then controller will continue with operation 400
in step 408, In step 408 controller 105 may delerming if the selected compressor
speed is Jess than a recommended reduced compressor speed.  If the selecied
compressor speed is less than the recommended reduced compressor speed and the
compressor 142 has been operating at the selected compressor speed for a first pre-
defined amount of time then controlier 165 may instruct compressor 102 to cvele the
speed of compressor 102 in siep 410 between the selected desired compressor speed
and the recommended reduced compressor speed, n step 410, the conirolier 105 may
cycie the speed of the compressor 182 between the selected speed and the
recommended reduced speed for & second pre-determined amount of time and then
back {o the selected speed. For example, the first pre-determined amount of time may
be one hour and the second pre-determined amount of tune may be two minutes, If
the seiected compressor speed s hot less than the recommended reduced compressor
speed then controller 105 may instruct the compressor 102 to operate at the selected
compressor speed. For example, for a system having a minimum compressor speed of
thirly percent the compressor 102 rating speed and a recommended reduced
compresscr speed of {ifly percent the rating speed, if the selected desired compressor
speed i step 402 1s thirty-five percent, controller 10§ would instruct compressor 102
in step 410 to operate at the seiected compressor speed but would evele the speed of
compressor 102 from the seiecied thirty-tive percent up o the recomimended reduced
speed of Bifty percent for a couple of minutes out of every hour fo improve oil
circulation in compressor 197, In somse embodinents, the speed of outdoor farn 107
may be adjusted based on a predefined control aigorithim that may reduce the speed of
outdoor fan 107 according to a measured head pressure of HVAC system 100 to
control the suction and discharge pressure ratio.

The method described with respect to FIGURE 4 may have more or fower
steps, and the steps may be performed in any suitable order. As an example, Steps

404-406 and 408-412 may be optional in certain embodiments (e.g., depending on
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whether the selecied desired compressor speed in step 402 il within only the range
of the minimum compressor speed or onty within the range of the recommended
reduced compressor speed).

Modifications, additions, or amissions may be made to any of the methods
disclosed herein. These methods may inciude more, fewer, or other sieps, and steps
may be performed in parallel or tn any suitable order. Throughout the disclosure, the
term HVACU is used in a general sense and refers to any system that circulates
refrigerant i order to control the temperature of a conditioned space. Examples
include heat pump sysiems, air conditioning systems, combined heating-and-air
conditicning systems, and refrigeration systems. Simtlarly, the term refrigerant is
used in a general sense and refers (o any medium that fcihitates heat transter in an
HVALC system. Examples include nalural refrigerants, such as carbon dioxide,
ammania, water, air, eic., conventional refrigerants, or coolants.

While discassed as certain components of the HVAC systemy controller
performing the steps, any suitable component or combination of componenis may
perionn one or more sieps of these methods. Certain examples have been described
using the modifiers “first,” “second,” or “third” {e.g., first sensor data, second sensor
data, third sensor data; first action, second action). Unless the context in which these
modifiers appear mdicates otherwise, the modifiers do not require any particular
sequence of steps or arrangement of devices,

Although the present disclosure includes several embodiments, a myriad of
changes, vanations, alterations, transformations, and modifications may be suggested
to one skilled 1n the art, and i is intended that the precent disclosure encompass such
changes, variations, alterations, {ransformations, and modifications as fall within ihe

scope of the appended claims.,
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WHALL CLAIMED 15:

i A System, comprising;
a controller and a phurality of heating veniilation and air conditioning (HVAC)
components, the HYAC componenis comprising:

an evaporator unit, the evaporator unit comprising an evaporator coil

I

and an indoor fan, the indoor fan configured to cause movement of air over the
evaporator coil and through a discharge air duct positioned downsiream of the
evaporator coil when the indoor fan 18 operating; and
a condenser unit, the condenser umit comprising a compressor, a
10 condenser coil, and an outdoor fan, the compressor configured to drive refrigerant
through the HVAC components, the ouldoor fan configured o cause movement of air
over the condenser coil when the outdoor fan is operating;
the controlier configured to:
receive first sensor data {rom one or mors sensors, each sensor
S configured to sense a property associated with the HVAC components;
determine, based on the first sensor data, that the evaporator ¢oil is
experiencing a first level of freeze risk;
in response to determining that the evaporator eoil is experiencing the
first level of freeze risk, send the HVAC components an instruction to perform a first
20 action;
recetve second sensor data from the one or more sensors:
determine, based on the second sensor data, that the evaporator coil is
experiencing a second level of freeze risk, the second level indicating a greater risk of

freezing than the first level; and

D
"

i rasponse to determining that the evaporator coil is experiencing a
second level of freeze risk, send the HVAC components an instruction to perform a

second action,
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2. The svstem of Clamum 1, wherein:

the first sensor data comprises a first temperature sensed by a discharge air
temnperature sensor configured 1o sense air temperature i the discharge air duet, and
wherein the controller is configured {0 determine that the evaporator coil is
experiencing the first level of frecze risk when the first iemperature is below a first
threshold: and

the second sensor data comprises a second lemperature sensed by the
discharge air temperature sensor, and wherein the contrefler is configured to
determine that the evaporator coil s experiencing the second level of freeze risk when

the second lemperature is below a second threshold that is fess than the first threshold.

3. The system of Claim |, wherein the first action comprises increasing

the speed of the mdoor fan.

4. The system of Claim 1, wherein the second action comprises reducing

the speed of the compressor and reducing the speed of the outdoor fan.

3, The system ¢f Claim 4, wherein the controller is further configured to:
determine, on a periedic basis, whether the compressor has been operating at
the reduced speed below 2 recommended reduced speed for a first pre-determined

amount of fime:

4

In response to deicrmining that the compressor has been operating at the
reduced speed below the reconunended reduced speed for the first pre-determined
amount of time, send the HVAL components an instruction ic incregse the
compressor speed for a second pre-determined amount of thme; and

fn response to determining that the second pre-determined amount of time has
clapsed, send the HVACU components an instruction to resume cperating the

compressor at the reduced speed.

5. The system of Claim 1, wherein the first action comprises increasing
the speed of the indoor fan 1o a masimum speed and the second action comprises

decreasing the speed of the indoor fan.
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7. The system of Claim 1, wherein the second action comprises:
determining whether reducing the compressor speed to a setting configured 1o
mitigate the second level of freeze nisk would cause the compressor 10 operaie below
a minimum compressar speed; and
S in response (o determining that reducing the comipressor speed would cause
the compressor to operate below the minimwum compressor speed, nitiating a

procedure to shut off the compressor and the outdoor {an.

3. The systemn of Clamm 1, wherein the controller is further configured to;
iQ receive third sensor data from the one or more Sensors;
determine, based on the third sensor dats, that the evaporastor coil has
recovered trom the fivst level of freeze risk and the second level of freeze risk; and
in response 1o the determination that the evaporator coil has recovered fiom
the first level of freeze risk and the second level of freeze risk, send the HVAC
13 components one or more msiructions that cause the HVAC components to resume

normal operation,

9. The system of Claim 1, wherein the one or more sensors sense

properties other than a coil temperature of the evaporator coil.
2{}
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10. A controlier for an HVAC syster, the controller configured 1o:

receive tirel sensor dafa {rom one OF more 3ensors, £ach sensor
configured {0 sense a property associated with the HVY AL system;

determine, based on the first sensor data, that an evaporator coil is
experiencing a first level of freeze risk;

in response to determnining that the evaporator coil is experiencing the
first level of freeze risk, send the HVAC sysiem an instruction to perform a first
action;

receive second sensor data from the one or more sensors:

determine, based on the second sensor data, that the evaporator coil is
experiencing a second fevel of freeze risk, the second level indicating 8 greater risk of
freczing than the first level; and

in response to determining that the evaporator coil is experiencing a
second level of freeze risk, send the HVAC system an instruction to perform a second

action,

i1, The conirodler of Claim {0, wherein:

the first sensor data comprises a first temperature sensed by a discharge air
temperature sensor conhigured to sense air temperature in a discharge air duct, and
wherem the controller is configured to determine that the evaporator coil is
experiencing the fisst level of freeze risk when the first temperature is below a first
threshold: and

the second sensor data comprises 3 second femperature sensed by the
discharge afr temperature sensor, and wherein the controfler is configured to
determine that the evaporator coil is experiencing the second level of freeze risk when

the second temperature 1s below a second threshold that is less than the first threshold.
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£2. The conirelier of Clatm 10, wherein:

the first action comprises ncreasing the speed of an indoor fan and the second
action comprises reducing the speed of a compressor and reducing the speed of an
outdoor fan.

13. The controller of Clam 10, wherein the first action comprises
increasing the speed of an indoor fan to a maximum speed and the second action

comprises decreasing the speed of the indoor fan.

i0 14, The controller of Claim 10, wherein the second action comprises
operating the compressor at a reduced speed and wherein the controller is further
coniigured to:
determine, on a pericdic basis, whether the compressor has been operating at
the reduced speed below a recommended reduced speed for a first pre-determined
iS5 amount of time;
i response to determinming that the compressor has been operating at the
reduced speed below the recommended reduced speed for the first pre-determined
amount of time, send the HYAC system an instruction to increase the compressor

speed for a second pre-determined amount of ime: and

t’-3

0 It response o determinmg that the second pre-determined amount of time has
clapsed, send the HVAC system an instruction to resume operating the compressor at

the reduced speed.
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15.  The controller of Claim 10, wherein the controller is further configured
{0:
receive third sensor daia from the one or more sensors;

determine, based on the third sensor data, that the evaporator coil has

1

recovered from the first level of freeze risk and the second level of freeze risk; and

n response o the determination that the evaporator coil has recovered from
the first level of freeze risk and the second level of freeze risk, send the HVAC
sysiem onc or more instructions that cause the HVY AL svsiem {o resume normal

10 aperation.
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t6. A pon-iransitory comptier readable mediom comprising logic that,

when executed by processing circuitry, causes the processing circuifry to perform
operations comprising:

recetving first sensor data from one or more sensors, each sensor
configured to sense a property associated with HY AL components;

determining, based on the first sensor data, that an evaporator coii is
experiencing & first level of freeze risk;

in response (o determining that the evaporator coil is experiencing the
first level of freeze risk, sending the HVAC components an instruction to perform a
first action:

recetving second sensor data from the one or more sensors;

determining, based on the second sensor data, that the evaporator coil
is experiencing a second level of frecze risk, the second level indicating a greater risk
of freezing than the first level; and

in response to determining that the evaporator coil is experiencing a
second level of ireeze risk, sending the HVAC componenis an instruction to perform

a second aclion,

17.  The computer readable mediuom of Claim |6, wherein:

the first sensor data comprises a first temperature sensed by a discharge air
temperature sensor conftgured o sense ailr temperature in a discharge air duct, and
wherein the computer readable medium 15 configured to determine that the evaporator
cosl 18 experiencing the first level of freeze risk when the first temperature is below a
tirst threshold: snd

the second sensor data comprises a second temperature sensed by the
discharge air temperature Sensor, and whergin the computer readable medium is
configured to determine that the evaporator cotl s experiencing the second level of

frecze risk when the second temperature is below a second threshold that is fess than

ine first threshold.
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18,  The computer readable mediom of Claim 16, wherein:

the first action comprises increasing the speed of an indoor tan to a maximum
speed; and

the second action comprises reducing the speed of a compressor, reducing the

speed of an outdoor fan, and reducing the speed of the indoor fan.

§9,  The computer readaple medivm of Claum 18, wherein the second
action comprises operating the compressor at a reduced speed and wherein the
compuier readable medium is turther configured to:

determine, on a periodic basts, whether the compressor has been operating at
the reduced speed below a recommended reduced speed for a first pre-determined
amount of time;

i response to determining that the compressor has been operating at the
reduced speed below the recommended reduced speed for the first pre-determined
amount of time, send the HVAC components an instruction to imcrease the
compressor speed for a second pre-determined amount of time; and

in response (o determining that the second pre-determined amount of time has
ciapsed, send the HVACL components an instruction to resume operating the

compressor at the reduced speed.
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