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ABSTRACT

In various implementations, compressor operation in an air conditioner may be managed
by maintaining oil viscosity, a temperature differential, compressor sump temperature,
and/or suction pressure. Properties of the air conditioner or portions thereof, such as the
compressor, may be determined. To manage compressor operations, operation(s) of the

air conditioner may be adjusted based on one or more of the determined properties.
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COMPRESSOR OPERATION MANAGEMENT IN AIR CONDITIONERS

TECHNICAL FIELD

[001] The present disclosure relates to management of compressors, more particularly
to control of oil properties in compressors of air conditioners and/or refrigeration

systems.

BACKGROUND

[002] Air conditioners operate in a variety of operating parameters. For example, air
conditioners may include compressors that operate at part load and full load. Air
conditioners may include specifications selected for operations at a full load. Thus, when
operating at part load, the air conditioners may be less efficient (e.g., energy and/or cost),
performance may be sacrificed (e.g., since the air conditioner may operate at the
specifications for full load during part load), and/or less reliable (e.g., since temperatures

and/or pressures may fluctuate).

SUMMARY

[003] In various implementations, compressor operations, may be managed by
controlling properties of the compressor, such as oil viscosity, temperature differential(s)
(e.g., between a compressor sump temperature and a suction saturated temperature),
compressor sump temperature, and/or suction pressure. For example, one or more
properties (e.g., of an air conditioner or refrigeration system) may be maintained. Oil
viscosity of compressor(s), a temperature differential, compressor sump temperature,
and/or suction pressure may be maintained in ranges, in some implementations. The oil
viscosity, compressor sump temperature, temperature differential (e.g., between a
compressor sump temperature and a suction saturated temperature) and/or suction
pressure may be related. Properties of a system (e.g., air conditioner system and/or

refrigeration system) or portions thereof, such as the compressor, may be determined.
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Operations of the air conditioner or portions thereof may be adjusted based on the
determined properties to maintain an oil viscosity, suction pressure, temperature
diffcrential, and/or compressor sump temperature in a predetermined range. For
example, fan operations, compressor operations, and/or crankcase heater operations, may
be managed to maintain oil viscosity, compressor sump temperature, a temperature
differential, and/or suction pressure. ~When the oil viscosity, compressor sump
temperature, temperature differential, and/or suction pressure are managed, the
compressor operations may also be managed and performance of the compressor may be

maintained (e.g., oil migration may be inhibited, oil dilution may be inhibited, etc.).

[004] In various implementations, air conditioner operations may be managed. A
compressor sump temperature and a suction pressure of an air conditioner may be
determined. A suction saturated temperature may be determined based at least partially
on the determined suction pressure. A temperature differential may be determined based
on the difference between the determined compressor sump temperature and the
determined saturated temperature. Oil viscosity associations may be retrieved. The oil
viscosity associations may include associations between oil viscosities, suction pressures,
and/or compressor sump temperatures. A minimum temperature differential may be
determined based at least partially on the suction pressure and the retrieved oil viscosity
associations. Operation(s) of the air conditioner may be managed based at least partially
on the determined minimum temperature differential and the determined temperature

differential.

[005] Implementations may include one or more of the following features. Managing
operation(s) of the air conditioner may include managing operation(s) of the air
conditioner such that the determined temperature differential is above the determined
minimum temperature differential. In some implementations, managing operation(s) of
the air conditioner may include reducing speed(s) of fan(s) of an evaporator of the air
conditioner if the determined suction pressure is greater than a predetermined maximum
suction pressure. At least one of the fans may include at least one high speed and at least

one lower speed, and where reducing speed(s) of the fan(s) includes allowing operation at
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one of the lower speeds. In some implementations, if the determined temperature
differential is less than the determined minimum temperature differential one or more
operations of the air conditioner may be managed. A second compressor sump
temperature may be determined during at least one of the adjusted operations of the air
conditioner, and operation(s) of the air conditioner may be adjusted such that the
determined second compressor sump temperature is greater than the determined
minimum compressor sump temperature.  Adjusting the operation(s) of the air
conditioner may include adjusting operation of compressor(s) and/or crankcase heater(s)
of the air conditioner. In some implementations, a determination may be made whether
the determined suction pressure is below a predetermined low suction pressure; and
freeze stat protection operation(s) may be allowed if the determined suction pressure is
determined to be below the predetermined low suction pressure. Oil viscosity
associations may include associations between oil viscosities and temperature

differentials.

[006] In various implementations, managing air conditioner operations may include
determining a compressor sump temperature and a suction pressure of the air conditioner.
A suction saturated temperature may be determined based at least partially on a
refrigerant coefficient and the determined suction pressure. A temperature differential
may be determined. The temperature differential may be based at least partially on the
difference between the determined compressor sump temperature and the determined
suction saturated temperature. A determination may be made, based at least partially on
the temperature differential, whether to adjust operations of at least one of compressor(s)
and/or crankcase heater(s). If a determination is made to adjust operations based at least
partially on the temperature differential, adjusting operations of at least one of the

compressor(s) and/or the crankcase heater(s).

[007] Implementations may include one or more of the following features. A
determination may be made whether one or more compressors of the air conditioner are
operating at part load. The suction saturated temperature may be determined based at

least partially on a refrigerant coefficient and the determined suction pressure if one or
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more of the compressors are determined to operate at part load. In some
implementations, a first period of time may be allowed to elapse if one or more of the
compressors arc determined (o operate at part load. The compressor sump temperature
and the suction pressure may be determined after allowing the first period of time to
elapse. In some implementations, the determined temperature differential may be
compared to a first predetermined range, wherein the first predetermined range includes
values greater than a predetermined high value. If the temperature differential is
determined to be in the first predetermined range, operation may be restricted of a
crankcase heater associated with a compressor, in which operation is restricted. In some
implementations, the determined temperature differential may be compared to a second
predetermined range. The second predetermined range may include values from a
predetermined high value to a predetermined mid value. An ambient temperature may be
determined, and a determination may be made whether the ambient temperature is in a
first low ambient temperature range. If the temperature differential is in the second
predetermined range, and if the ambient temperature is in the first low ambient
temperature range, then allowing operation of one or more crankcase heaters associated
one or more compressors, in which operation is restricted. The determined temperature
differential may be compared to a third predetermined range. The third predetermined
range may include values from a predetermined mid value to a predetermined low value.
If the temperature differential is in a third predetermined range, operation may be allowed
of at least one compressor, in which operation is restricted, and operation may be
restricted in at least one compressor, in which operation is allowed. In some
implementations, oil viscosity associations may be retrieved, wherein the oil viscosity
associations may include associations between oil viscosities, suction pressures, and
compressor sump temperatures. A minimum compressor sump temperature to maintain a
predetermined oil viscosity at the determined suction pressure may be retrieved based on
the retrieved oil viscosity associations. A second temperature differential may be
determined based at least partially on the difference between the determined compressor
sump temperature and the determined suction pressure. Operation(s) of the air
conditioner may be determined based at least partially on the determined second

temperature differential. The determined temperature differential may be compared to a
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fourth predetermined range. The fourth predetermined range may include values less
than a predetermined low value. If the termination temperature is in the fourth
predetermined range of temperatures, operation may be restricted in each compressor of
the air conditioner and operation may be allowed in each crankcase heater. In some
implementations, second compressor sump temperatures may be determined for each of
the compressors during operation of the crankcase heaters. Operation of each of the
crankcase heaters may be allowed until each of the second compressor sump
temperatures is greater than approximately 20 degrees Fahrenheit and/or the difference
between a first second compressor sump temperature and a second compressor sump

temperature is less than approximately 3 degrees Fahrenheit.

[008] In various implementations, operation of an air conditioner may be allowed, and a
determination may be made whether a change in one or more operating conditions of the
air conditioner has occurred. A first period of time may be allowed to elapse if a
determination has been made that a change in the system operating condition(s) has
occurred. A suction pressure of the air conditioner (e.g., of compressor(s) of the air
conditioner) may be determined. A determination may be made whether the determined
suction pressure is greater than a predetermined maximum pressure. Speed(s) of
evaporator fan(s) may be reduced if the determined suction pressure is greater than the

predetermined maximum pressure.

[009] Implementations may include one or more of the following. A reduced speed for
one or more of the evaporator fans may be maintained until an additional change in one
or more of the operating conditions. In some implementations, a second suction pressure
may be determined when the speed of one or more of the evaporator fans is reduced. One
or more additional reductions in speed of one or more of the evaporator fans may be
allowed if the determined second suction pressure is greater than the predetermined

maximum suction pressure.
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[010] The details of one or more implementations are set forth in the accompanying
drawings and the description below. Other features, objects, and advantages of the

implementations will be apparent from the description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[011] For a more complete understanding of this disclosure and its features, reference is
now made to the following description, taken in conjunction with the accompanying

drawings, in which:

[012] Figure 1 illustrates an implementation of an example air conditioner.

[013] Figure 2A illustrates an implementation of an example process for maintaining oil

viscosity.

[014] Figure 2B illustrates an implementation of an example process for maintaining oil

viscosity.

[015] Figure 3 illustrates an implementation of an example process for managing

compressor operations.

[016] Figure 4 illustrates an implementation of an example process for managing

compressor operations oil viscosity.

[017] Figure 5 illustrates an implementation of an example process for maintaining oil

Viscosity.

[018] Figure 6 illustrates an implementation of an example association between oil

viscosity, compressor sump temperature, and suction pressure.
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[019] Figure 7 illustrates an implementation of an example process for maintaining

suction pressure.

[020] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

[021] In various implementations, compressor(s) of systems, such as an air conditioner
and/or refrigeration system, may operate in a variety of operating conditions. The
operation of the system (e.g., air conditioner and/or refrigeration system) may change
based on request received from users for operation of the system and/or operating

conditions.

[022] For example, to satisfy a request to an air conditioner for cool air during low
ambient temperatures (e.g., below approximately 65 degrees), compressor(s) of the air
conditioner may operate at part load to satisfy the user request. When the compressor(s)
operate at part load, and/or other operating conditions, the viscosity of the oil in the
compressor may drop below an oil viscosity operating range (e.g., an oil viscosity
operating range may include viscosities greater than approximately 5 ¢p). For example,
operating compressor(s) at part load may decrease the temperature of the lubricating fluid
in the compressor (e.g., since the compressor may generate less heat when operating at
part load and/or when operations are restricted). When a temperature of a lubricating
fluid (e.g., compressor oil and/or refrigerant) decreases below a minimum oil temperature
and/or when a temperature differential between the compressor sump temperature and
another reference temperature value (e.g., minimum compressor sump temperature for
operation of the compressor and/or suction saturated temperature), the viscosity of the oil
may decrease and/or oil dilution may occur. Thus, maintenance of the oil viscosity in an
oil viscosity operating range may improve performance, reliability, and/or cost efficiency

of the air conditioner.
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[023] Figure 1 illustrates an implementation of an example air conditioner 100. The air
conditioner may include components such as a condenser 110, compressor A 120,
compressor B 130, and evaporator 140. One or more of the compressors 120, 130 may
include a crank case heater 125, 135. Lines (e.g., tubing) may couple various
components and allow refrigerant to flow in and/or out of various components of the air

conditioner 100.

[024] Fans 160, 170 may cause air to flow through the condenser 110 and/or the
evaporator 170. As illustrated, the air conditioner 100 may include more than one fan to
provide air flow to the condenser 110 and/or more than one fan to provide air flow to the
evaporator 170. As illustrated, the air conditioner 100 may include a first condenser fan
162, a second condenser fan 164, and a third condenser fan 166 to provide air flow to the
condenser 110 and a first evaporator fan 172, a second evaporator fan 174, and a third

evaporator fan 176 to provide air flow to the evaporator 170.

[025] The condenser 110 may include an appropriate condenser. In some
implementations, the condenser 110 may be a microchannel condenser (e.g., condenser
with a channel size less than approximately 1 mm). Microchannel condensers may be
sensitive to operating conditions during operation of the air conditioner (e.g., when
compared with other condensers (e.g., condenser with tube size greater than 5 mm)). For
example, microchannel condensers may be sensitive to refrigerant charge (e.g., a level of
refrigerant in the system). When a microchannel condenser has a refrigerant charge
greater than a maximum operating charge, the pressure in the microchannel condenser
may become elevated due to the refrigerant capacity size difference between the
microchannel condenser and the evaporator. The high pressures (e.g., pressures greater
than approximately 615 psi, with a refrigerant that includes R-410A refrigerant) may
cause mechanical failure, including prefailure events, such as excessive wear on parts
and/or high pressure switch activations. Thus, the air conditioner may control the system

to manage stability and/or inhibit mechanical failure of the air conditioning system.
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[026] Fans 160 may provide air flow to the condenser 110. The fan(s) 160 may include
any appropriate number of fans, such as one, two, three, or four fans. A fan 160 may be
any appropriatc type of fan, such as a centrifugal fan. A fan 160 may include more than
one fan setting. For example, the fan may include a multi-speed fan (e.g., one or more
settings) and/or a variable speed fan. In some implementations, a fan may include a high
setting and one or more low settings. The settings may be associated with the speed at
which the impeller of the fan rotates. For example, fan settings may include a high
setting, a first low setting, and a second low setting. The second low setting may be
associated with a lower fan speed than the first low setting. For example, a fan may
allow operation at 800 RPM (rotations per minute), 650 RPM, and/or 330 RPM. In some

implementations, a fan may include a low setting and more than one high setting.

[027] The compressors 120, 130 of the air conditioner may include any appropriate
arrangement of compressors (e.g., in series and/or in parallel). The compressors 120, 130
may include one or more tandem compressor systems. A tandem compressor system may
allow more than one compressor (e.g., compressor A 120 and compressor B 130) to share

discharge lines and suction lines.

[028] Compressor A 120 and/or compressor B 130 may include single stage and/or
multi-stage (e.g., more than one stage, such as two stage, three stage, and/or variable)
compressors. Compressor A 120 and Compressor B may be independently operable, in
some implementations. For example, compressor A 120 may be allowed to operate and
compressor B may be restricted from operation.  Operations of the compressor may
include full load operations and part load operations. A full load operation may include
operation of each compressor of the air conditioner. A part load operation may include
allowing operation of one or more compressor and restricting operation of one or more
compressor. For example, a part load operation may allow one compressor to operate
and restrict operation of the other compressors. In some implementations, a part load
operation may include operation of a multistage compressor at one of the low settings

(e.g., when a compressor includes a high setting and at least one low setting).
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[029] Compressor(s) may include a lubricating fluid that includes one or more oils, in
some implementations. The lubricating fluid may include a portion of the refrigerant
being compressed by the compressor, in some implementations. For cxample, in some
implementations, a portion of the refrigerant may condense in the compressor and the
condensed refrigerant may mix with the oil in the lubricating fluid (e.g., based on

miscibility propertics of the refrigerant and/or oil).

[030] The lubricating fluid (e.g., oil in the fluid) may provide lubrication for one or
more of the moving parts of the compressor. The lubricating fluid may be maintained at
an oil viscosity range (e.g., above a minimum predetermined oil viscosity, based on for
example, manufacturer recommendations) during operation of the air conditioner, in
some implementations. The viscosity of the lubricating fluid may be based at least
partially on the type of refrigerant and/or the temperature of the oil. For example, when
the temperature of the oil decreases (e.g., due to ambient temperature, compressor
inactivity and/or part load operation) and the lubricating fluid viscosity drops below the
oil viscosity range, the oil may be come diluted and/or may not provide proper

lubrication of the moving components of the compressor.

[031] Crankcase heater(s) may be associated with one or more of the compressors of the
air conditioner, in some implementations. As illustrated, compressor A 120 and/or
compressor B 130 may include crankcase heaters 125, 135. A crankcase heater may be
disposed in a housing of the compressor, in some implementations. A crankcase heater
may provide heat to a portion of a compressor (e.g., the crankcase of a compressor). Heat
delivered to the compressor may increase the sump temperature of the compressor. By
delivering heat to the crankcase of the compressor, the crankcase heater may inhibit
refrigeration migration, inhibit mixing between the refrigerant and the oil, and/or inhibit
condensation of refrigerant in the crankcase. For example, when the compressor 110 has
been turned off for a period of time, the temperature of the refrigerant in the compressor
(e.g., sump temperature) may be low and so the crankcase heater may be utilized to
increase the temperature of the refrigerant in the crankcase and inhibit mixing with the oil

(e.g., lubricating fluid) of the compressor. In various implementations, the air
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conditioner may utilize the crankcase heater during operations at ambient temperatures in
a low ambient temperature range (e.g., below approximately 65 degrees Fahrenheit,
below approximately 62 degrees Fahrenheit, and/or from approximately 62 degrees

Fahrenheit to approximately 45 degrees Fahrenheit).

[032] The air conditioner may include an expansion device 150, as illustrated. The
expansion device may include any device that at least partially expands refrigerant
passing through the device. For example, the expansion device 150 may include a

thermal expansion valve, an orifice, and/or an electronic expansion valve.

[033] The air conditioner may include one or more sensors. For example, a first sensor
may be disposed proximate an outdoor portion (e.g., condenser and/or compressor). The
first sensor may measure a temperature proximate an outdoor portion, such as proximate
a portion of the condenser and/or compressors. Second sensor(s) may be disposed
proximate inlet line(s) of the compressor(s). ‘I'he second sensor may measure a suction

pressure (e.g., pressure proximate an inlet of the compressor(s)).

[034] A third sensor(s) may be disposed proximate a sump of a compressor. The third
sensor(s) may measure a compressor sump temperature (e.g., temperature of liquid, such
as oil and/or refrigerant, in the compressor). For example, the third sensor may be
disposed outside the compressor housing and adapted to measure the compressor
temperature proximate the bottom or sump of the compressor. The third sensor may be
disposed in the compressor and may be adapted to measure the sump temperature of the
compressor (e.g., by being disposed in or proximate the liquid of the compressor). The
position of the third sensor may include any appropriate position that allows direct or
indirect measurement of the compressor sump temperature. For example, by measuring
the temperature of the housing of the compressor in an area proximate liquid (e.g.,
lubricating fluid) in the compressor, the compressor sump temperature may be indirectly

measured.

11
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[035] A controller 180 (e.g., a computer) may be coupled (e.g., communicably, such as
by wires or linked by Wi-Fi) to component(s) of the air conditioner 100 and control
various opcrations of the component(s) and/or system. For example, the controller 180
may include modules (e.g., instructions executable by the processor), such as an
operation module and/or compressor management module, stored in a memory of the
controller and executable by a processor of the controller, to perform various operations
of the air conditioner 100. The operation module may control operations of the air
conditioner 100, such as receiving requests for operation, determining whether to respond
to requests for operation, operating various components (e.g., compressors, reversing
valves, and/or expansion valves), etc. The compressor management module may
determine properties of the compressor, (e.g., compressor sump temperatures,
temperature differentials, suction pressure, and/or ambient temperature), determine
suction saturated temperature(s), determine refrigerant coefficients, determined
temperature differentials, determine air conditioner operations (e.g., compressor and/or
crankcase operations) based at least partially on temperature differentials, retrieve
associations (e.g., among oil viscosities, suction pressures, and/or compressor sump
temperature), retrieve ranges, retrieve predetermined values (e.g., maximum suction
pressure, low ambient temperature ranges, maximum suction pressure, second maximum
suction pressure, and/or functions). For example, the compressor sump temperature may
be determined; the suction pressure may be determined; operations of the air conditioner
may be determined based on the compressor sump temperature, a determined temperature
differential (e.g., between a compressor sump temperature and a minimum compressor
sump temperature and/or between a compressor sump temperature and a suction saturated
temperature) and the suction pressure; and/or any other appropriate operation. In some
implementations, a processor executing instructions such as the compressor management
module may allow air conditioner and/or refrigeration system operations; allow a first
period of time to elapse; determine suction pressure; determine whether the determined
suction pressure is greater than a predetermined maximum suction pressure; and/or
reduce speed(s) of evaporator fan(s) if the determined suction pressure is greater than the
predetermined maximum suction pressure. The instructions, such as the compressor

operation module, may determined (e.g., when executed by the processor) the number of

12
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reductions and/or the amount of reductions in response to a determination that the

determined suction pressure is greater than the predetermined maximum suction pressure.

[036] The controller 180 may include a memory storing the module(s) (e.g., instructions
executable by a processor) and/or other data. For example, the memory may store
associations, formulas, predetermined values, etc. The memory may store instructions
such as module(s). The controller 180 may retrieve the modules from the memory and
allow the controller (e.g., via the processor) to perform operations by executing (e.g.,
using the processor of the controller) the retrieved modules. For example, the controller
may determine properties of a system, such as an air conditioner by allowing a processor
to execute retrieved instructions that provide operations for determining properties of a
system. The controller may perform other operations by similarly retrieving instructions

that provide operations for determining and/or allowing other operations of the system.

[037] Although Figure I illustrates an implementation of an air conditioner, other
implementations may be utilized as appropriate. For example, the air conditioner may
include any component, as appropriate. In some implementations, the expansion device
may include more than one expansion device. The air conditioner may include a thermal
expansion device and/or fixed orifice. The air conditioner may include more than two
compressors (e.g., a tandem compressor with four compressors). The air conditioner may
include one compressor with more than one stage (e.g., two stage, three stage, and/or
variable stage). The air conditioner may include a heat pump and may include a
reversing valve to allow cooling and heating operations. The fans 160 and/or the fans
170 may include a different number or the same number of fans. The fans 160 and/or the
fans 170 may include more than three fans. In some implementations, the fans 160
and/or the fans 170 may include less than three fans, such as one fan. A fan may include
more than one setting, in some implementations. For example, a fan may include at least
one high setting and one o more lower settings, wherein the lower settings allow the fan
to operate at a lower number of revolutions per minute than at least one of the high

settings. In some implementations, one or more of the compressors may not include a

13

Date Regue/Date Received 2020-04-21



crankcase heater. In some implementations, similar systems and/or processes may be

utilized with refrigeration systems.

[038] In some implementations, a portion of the air conditioner 100 may be disposed
outside a building (e.g., an “outdoor portion” on the ground proximate a building and/or
on a roof of the building) and a portion of the air conditioner may be disposed inside the
building (e.g., an “indoor portion”). For example, the outdoor portion may include
condenser 110 and fans 160 and the indoor portion may include the evaporator 140 and
fans 170. In some implementations, such as a rooftop unit, the condenser 110, fans 160,
compressor A 120, crankcase heater 125, compressor B 130, crankcase heater 135,
evaporator 140, fans 170, and the expansion device 150 may be disposed in the outdoor
portion. In some implementations, an ambient temperature may be determined by
determining a temperature proximate a portion of the air conditioner, such as the outdoor
portion, a compressor, and/or a condenser. The outdoor and/or indoor portion may be at

least partially disposed in housing(s).

[039] During a cooling cycle of the air conditioner 100, cool air may be provided by
blowing air (e.g., from fans 170) at least partially through the evaporator 140. The
cvaporator 140 may evaporates liquid refrigerant in the evaporator. The evaporator may
reduce a temperature of the air and the cool air may be provided to a location (e.g., via
ducting). The gaseous refrigerant may exit the evaporator 140, and may be compressed
by compressor A 120 and compressor B 130, and delivered to a condenser 110. The
condenser 110 may condense the gaseous refrigerant by blowing air (e.g., from a fans
160) at least partially through the condenser 130 to remove heat from the gaseous

refrigerant.

[040] During air conditioner operations, for example at low ambient temperatures (e.g.,
ambient temperatures in a low ambient temperature range, such as less than
approximately 62 degrees Fahrenheit), the compressor(s) may operate at part load (e.g., a
compressor may operate at a low setting and/or operation of at least one of the

compressors may be restricted while other compressor(s) are allowed to operate). When

14

Date Regue/Date Received 2020-04-21



the compressor(s) operate at part load, the sump temperature of one or more of the
restricted operation compressors (e.g., off and/or operation at a low setting) may decrease
(e.g., when comparcd to full load operations). The temperature drop (e.g., the
compressor sump temperature) may affect the oil viscosity. When the oil viscosity is not
within an oil viscosity operational range and/or when the compressor sump temperature is
less than a minimum compressor sump temperature, the performance of the oil (e.g., in
the lubricating fluid) in the compressor may decrease (e.g., due to oil breakdown, oil
migration and/or oil dilution may occur). When the performance of the oil decreases, the
performance of the compressor may decrease. Thus, operations of the compressors of the

air conditioner may be managed by maintaining the oil viscosity.

[041] In some implementations, the air conditioner may include a heat pump in which
the heat exchangers of the system are capable of operating as the condenser or the
evaporator based a setting of the air conditioner. For example, a reversing valve may be
actuated such that the evaporator 140 operates as a condenser and the condenser 110

operates as an evaporator.

[042] Figure 2A illustrates an implementation of an example process 200 for managing
compressor operations by maintaining oil viscosity. A compressor sump temperature and
a suction pressure of compressor(s) of an air conditioner may be determined (operation
205). For example, sensors may be disposed proximate the compressor such that the
compressor sump temperature and/or the suction pressure may be determined. In some
implementations, the compressor sump temperature and/or the suction pressure may be
associated with a compressor. In some implementations, the sensor(s) may transmit
signals (e.g., based on measurements) to the controller of the air conditioner, which

determines the compressor sump temperature and the suction pressure.

[043] Oil viscosity of compressor(s) may be maintained in a predetermined operating
range based at least partially on the determined compressor sump temperature and/or
determined suction pressure (operation 210). For example, one or more operations of the

air conditioner may be altered to adjust the compressor sump temperature and/or the
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suction pressure.  For example, fan speed(s), operation(s) of the compressor(s),
operation(s) of crankcase heater(s), and/or other operation(s) of the air conditioner may
be adjusted. Since the oil viscosity (c.g., oil viscosity and/or oil dilution with refrigerant)
varies with temperature and/or pressure, by adjusting the compressor sump temperature
and/or the suction pressure, the oil viscosity may be adjusted. Thus, one or more
operations of the air conditioner may be adjusted to maintain the compressor sump
temperature, a temperature differential based on the compressor sump temperature,
and/or the suction pressure in range(s), which may keep the oil viscosity in a
predetermined operating range, and which may allow management of the compressor

operations.

[044] Process 200 may be implemented by various systems, such as system 100. In
addition, various operations may be added, deleted, and/or modified. For example, the
suction pressure may be associated with more than one compressor. For example, a
tandem compressor may include an inlet that provides fluid (e.g., refrigerant) to more
than one compressor and the suction pressure may be measured proximate the inlet. In
some implementations, the predetermined operating range may be based at least partially
on refrigerant manufacturer specifications, air conditioner specifications, company

specifications, industry specifications, and/or government specifications.

[045] Figure 2B illustrates an implementation of an example process 250 for managing
compressor operations by maintaining oil viscosity. A temperature differential based at
least partially on the compressor sump temperature may be determined (operation 255).
Sensor(s) may be coupled to an air conditioner to monitor one or more properties. The
sensor(s) may transmit signals (e.g., based on measurements) to the controller of an air
conditioner. For example, sensors may be disposed proximate the compressor such that
the compressor sump temperature may be determined. The controller (e.g., a processor
of the controller executing instructions stored in the memory) may determine a
temperature differential based at least partially on the compressor sump temperature. For
example, the temperature différential may be the difference between the compressor

sump temperature and a minimum sump temperature (e.g., determined from a table of
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associations, an algorithm, etc.) and/or the difference between the compressor sump

temperature and a suction saturated temperature.

[046] Operations of the air conditioner may be managed to maintain oil viscosity of
compressor(s) in an operating range based at least partially on the temperature differential
(operation 260). The controller of an air conditioner, for example, may determined
whether to adjust and/or maintain operations of the air conditioner based on the
temperature differential. When the temperature differential is less than a predetermined
temperature differential minimum value, operation(s) of the air conditioner may be
adjusted, in some implementations. For example, one or more operations of the air
conditioner may be altered to adjust the compressor sump temperature and/or the suction
pressure. For example, fan speed(s), operation(s) of the compressor(s), operation(s) of
crankcase heater(s), and/or other operation(s) of the air conditioner may be adjusted. The
controller of the air conditioner may determine which operations to adjust based on the
type of temperature differential utilized. For example, a fan speed may be adjusted when
the temperature differential is determined as a difference the compressor sump
temperature and a determined minimum sump temperature. A crankcase heater and/or
compressor operation may be adjusted when a temperature differential is determined
based on the difference between the compressor sump temperature and a suction
saturated temperature. In some implementations, since the suction pressure is related to
the saturated suction temperature, use of the saturated suction temperature in the
temperature differential may utilize indirectly the suction pressure in the control of
compressor operations. In some implementations, more than one temperature differential
may be utilized to manage the operation of the air conditioner and one or more
temperature differentials may be associated with controlling the operation of one or more

components of the air conditioner.

[047] Process 250 may be implemented by various systems, such as system 100. In
some implementations, process 250 may be performed in combination with other
processes such as process 200. In addition, various operations may be added, deleted,

and/or modified. For example, a minimum temperature differential may be determined
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based at least partially on associations between a suction pressure, oil viscosity,
compressor sump temperature and/or temperature differentials. The air conditioner (e.g.,
a controller) may compare the determined minimum temperature 1o the temperature
differential based on operation of the air conditioner to determine whether to adjust
and/or maintain operation(s) of the air conditioner. In some implementations, the
opcrating range may be based at least partially on refrigerant manufacturer specifications,
air conditioner specifications, company specifications, industry specifications, and/or

government specifications.

[048] In some implementations, the operation(s) of compressor(s) and/or crankcase
heaters may be utilized to maintain oil viscosity. For example, when compressor(s) are
allowed to operate, a compressor sump temperature may be increased by the operation.
For example, when a compressor is restricted from operating (e.g., during part load), the
temperature of the refrigerant in the compressor may decrease. As the temperature of the
refrigerant decreases, the refrigerant may migrate and mix with the oil in the compressor.
As the temperature of the refrigerant decreases, the viscosity of the oil and/or lubricating
fluid may decrease based at least partially on the temperature drop. Thus, oil dilution
(¢.g., due to temperature drop and/or refrigerant migration) may occur. When a
crankcase heater is utilized, a temperature of the oil may be increased. As the
temperature of the oil is increased, a viscosity of the oil may increase and oil dilution

may be inhibited.

[049] Figure 3 illustrates an implementation of an example process 300 for managing
compressor operations. When compressor operations are not managed, performance
(e.g., efficiency, cost minimization, and/or reliability) of the compressor and/or air
conditioner may not be able to be maintained across varying operating conditions. For
example, refrigeration migration into the lubricating fluid (e.g., compressor oil) may be

increased.

[050] A compressor sump temperature and a suction pressure of compressor(s) may be

determined (operation 305). The air conditioner may include sensors that allow
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properties of the compressor to be determined. Sensor(s) coupled proximate the
compressor may measure the compressor sump temperature and/or the suction pressure
of the compressor. For example, sensor(s) may be disposed proximate an inlet of the
compressor(s) to measure suction pressure. Sensor(s) may be disposed in the compressor
to determine compressor sump temperature. The sensor(s) may transmit the
measurements to the controller and/or the measurements may be stored in a memory of
the controller. The measurements may be utilized (e.g., by a module of the controller to
determine the compressor sump temperature, suction pressure, and/or other properties of

the air conditioner).

[051] A suction saturated temperature may be determined at least partially on the
determined suction pressure (operation 310). A first formula for determining the suction
saturated temperature may be retrieved (e.g., from a memory of the controller). The first
formula may be based on properties of the refrigerant. In some implementations, the first
formula may relate suction saturated temperature to the suction pressure using one or
more refrigerant coefficients based on one or more properties of the refrigerant. For
example, the refrigerant coefficient(s) may be stored in a memory of the controller and
retrieved with the first formula. The suction saturated temperature may be determined

using the retrieved first formula and the determined suction pressure.

[052] A temperature differential between the determined compressor sump temperature
and the determined suction saturated temperature may be determined (operation 315).
For example, the difference (e.g., absolute difference and/or relative difference) between
the determined compressor sump temperature (e.g., measured by a sensor) and the
determined suction saturated temperature (e.g., determined using the first formula) may
be determined. This determined difference may be the temperature differential. The
controller may determine the temperature differential for example, by retrieving values
(e.g., previously measured compressor sump temperature and/or previously determined

saturated temperature) and comparing the values.
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[053] Compressor(s) and/or crankcase heater operation(s) may be determined based at
least partially on the temperature differential (operation 320). For example, the
temperature differential may be compared to one or more predetermined ranges of values
to determine which operations to allow. Operations may include, but are not limited to,
compression operations (e.g., on, off, part load, and/or full load) and/or crankcase heaters
(c.g., on, off, one of the low settings, and/or high setting), which may be adjusted based

at least partially on the temperature differential.

[054] When the temperature differential is in at least one of the ranges, crankcase heater
operation may be allowed. Operation of the crankcase heater may increase the
compressor sump temperature, and thus the oil viscosity in the compressor may be
maintained in a predetermined operating range. When the compressor sump temperature
is increase and the oil viscosity is maintained in a predetermined operating range,
compressor operations may be managed to maintain performance (e.g., since oil dilution
may be inhibited). In some implementations, when the temperature differential is in a
lower predetermined range of values, one or more operations of compressor(s) may be
adjusted. For example, since allowing operation of a compressor may increase the
compressor sump temperature, the oil viscosity may be maintained in a predetermined
operating range. In some implementations, allowing operation of the compressor may
increase the temperature more quickly and/or may allow a greater increase in temperature
than the crankcase heater operation. Thus, the operation of the air conditioner that is
allowed (e.g., crankcase heater operation and/or compressor operation) may be based on

the magnitude of the temperature differential.

[055] Since operation of the crankcase heater may increase operating costs and/or
decrease air conditioner efficiency (e.g., based on ratings such as IEER, integrated energy
efficiency ratio), controlling the use of the crankcase heater may decrease operating costs
and increase air conditioner efficiency. By controlling the operation of the crankcase
heater based on the temperature differential, use of the crankcase heater may be managed

to reduce usage of the crankcase heater when operations may be managed without its use.
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[056] Process 300 may be implemented by various systems, such as system 100. In
addition, various operations may be added, deleted, and/or modified. In some
implementations, process 300 may be performed in combination with other processes
such as process 200 and/or process 250. For example, the compressor sump temperature
and/or the suction pressure may be measured with other processes of the air conditioner
and a previous measured for a compressor sump temperature and/or suction pressure may
be retrieved from a memory of the controller to determine whether to adjust operations of
the air conditioner to maintain oil viscosity. In some implementations, the refrigerant
coefficients may be based at least partially on the type of refrigerant. In some
implementations, the refrigerant coefficients may be based on empirical data. The first

formula may include a logarithmic function, such as a natural logarithmic function.

[057] In some implementations, the predetermined ranges, to which the temperature
differential may be compared, may be stored in a memory of the controller. The
controller (e.g., a module of the controller) may retrieve the ranges and/or appropriate
range(s). The ranges may be based at least partially on properties of the compressor (e.g.,
properties of the refrigerant, such as type of refrigerant and/or mixture properties of the
refrigerant; oil properties, such as type of oil and/or mixture properties of the oil;
compressor specifications such as capacity and/or pressure restrictions; and/or other

properties).

[058] Figure 4 illustrates an implementation of an example process 400 for maintaining
oil viscosity. A determination may be made whether operation of at least one compressor
of an air conditioner is restricted (operation 405). A compressor may have a restricted
operation when the compressor is off and/or when a multi-stage compressor is inhibited
from operating at one or more of the higher stages. For example, when the compressor(s)
are operating at part load, operation of at least one of the compressors may be restricted.
In some implementations, operation of one or more of the other compressors, if the air
conditioner includes other compressors, may be allowed. A controller may determine
whether operation of at least one of the compressors of the air conditioner is restricted.

For example, the controller may determine whether a compressor is a part load based on
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signals generated for operation of the air conditioner components in response to a request

for operation).

[059] If a determination is made that operation of at least one of the compressors is not
restricted, then the operation of the air conditioner may be maintained (operation 410).
For example, an air conditioncr may receive a request for operation and determine
operation(s) for one or more of the components (e.g., condenser, compressor, fan(s), etc.)
of the air conditioner. The controller may then make a determination of whether
operation of at least one compressor is restricted. If the operation of one or more of the
compressors is not restricted, then adjustment of operations of the air conditioner (e.g.,
which are in response to the received request) may be restricted. Thus, the operations of

the air conditioner may be allowed.

[060] A first period of time may be allowed to elapse (operation 415). For example,
after the controller (e.g., a processor of the controller executing instructions) determines
that operation of at least one of the compressors is restricted, then the controller may
allow the first period of time to elapse. The first period of time may be from
approximately 0 to approximately 1 hour (e.g., 10 minutes). The first period of time may,
for example, allow the air conditioner to operate at steady state and/or exclude
measurements during start up and/or shut down (e.g., of a compressor) after a change in
operation (e.g., full load to part load, off to part load, and/or part load to off), in some

implementations.

[061] A temperature differential between the determined compressor sump temperature
and the suction saturated temperature may be determined (operation 420). The
temperature differential may indicate what type of adjustment should be made to the
operation of the air conditioner to maintain an oil viscosity in a predetermined operating
range and/or compressor sump temperature in a predetermined operating range (e.g., less
than a maximum compressor sump temperature and/or greater than a minimum

compressor sump temperature). Maintaining the oil viscosity and/or compressor sump
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temperature in a predetermined operating range may allow compressor performance to be

managed during part loads (e.g., to increase performance and/or reliability).

[062] A suction pressure and a compressor sump temperature may be determined
(operation 425). For example, first sensor(s) may be disposed proximate the inlet of the
compressor(s) to measure the suction pressure. Second sensor(s) may be disposed in the
compressor to determine the compressor sump temperature. The measurements from the
sensors may be transmitted to the controller and the controller may determine the
compressor sump temperature and/or the suction pressure. The controller may retrieve
values for the suction pressure and/or sump temperature from previous measurements, in

some implementations.

[063] A suction saturated temperature may be determined based at least partially on the
determined suction pressure and a refrigerant property (operation 430). The suction
saturated temperature may be determined (e.g., by the controller). For example, the
controller may retrieve a first formula that allows use of measured properties of the air
conditioner to determine the suction saturated temperature. For example, the first
retrieved property may allow suction saturated temperature to be calculated based on the

determined suction property and/or properties of the refrigerant.

[064] The controller may determine the temperature differential based on the difference
(e.g., absolute and/or relative difference) between the determined compressor sump
temperature and a determined suction saturated temperature. For example, the controller
may determine the relative difference between the compressor sump temperature (e.g.,
determined from measurements) and the suction saturated temperature (e.g., determined
from the first formula). The temperature differential may be saved in a memory of the air

conditioner (e.g., controller).

[065] The temperature differential may be compared to one or more predetermined
ranges to determine whether to allow adjustments and/or what type of adjustments to

allow to operations of the air conditioner. The predetermined ranges may be based on
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refrigerant properties, compressor specifications, air conditioner specifications, empirical
testing of air conditioners or portions thereof, etc. The predetermined ranges may
overlap and/or not overlap. The predetermined ranges may be approximately the samec

size and/or different sizes.

[066] In somec implementations, the predetermined ranges may be selected to provide
greater adjustments (e.g., more heat provided to refrigerant and/or oil in compressor) for
smaller temperature differentials. Since a smaller temperature differential may correlate
to a compressor sump temperature approaching the suction saturated temperature, the
amount of heat provided to inhibit the compressor sump temperature from approaching
the suction temperature may be greater (e.g., to inhibit oil issues, such as oil dilution).
Smaller adjustments (e.g., smaller when compared to the amount of heat provided by
other adjustments) may be less expensive than larger adjustments; and thus, by utilizing
the ranges to determine which adjustment to provide, the cost of the adjustments may be
minimized (e.g., since smaller adjustments may be made when temperature differentials

are large and larger adjustments may be made when temperature differentials are small).

[067] A determination may be made whether the temperature differential is in a first
predetermined range (operation 435). For example, the first predetermined range may
include values greater than a predetermined high temperature differential.  The
predetermined high temperature differential may be based on a manufacturer
recommendation, such as compressor operating values. For example, the high
temperature differential may be approximately 25. In some implementations, the
controller may retrieve a first predetermined range (e.g., from a memory of the
controller). The controller may compare the temperature differential to the first
predetermined range to determine whether the temperature differential is in the first

predetermined range.

[068] In some implementations, if the temperature differential is in the first
predetermined range, then the operation(s) of the air conditioner may be maintained (e.g.,

adjustment of the operation(s) of the air conditioner may be restricted). Since the
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temperature differential is large when the temperature differential is in the first
predetermined range, the temperature of the oil and/or refrigerant in the compressor may
be in a range such that the oil viscosity may be maintained and/or migration may be

inhibited. Thus, adjustment of the air conditioner may be restricted.

[069] A determination may be made whether the temperature differential is in a second
predetermined range (operation 440). For example, the second predetermined range may
include values between a predetermined high temperature differential and a
predetermined mid temperature differential.  The predetermined high temperature
differential and/or the predetermined mid differential may be based at least partially on
manufacturer recommendations, such compressor manufacturer operating ranges. For
example, the predetermined mid temperature differential may be approximately 21. The

second predetermined range may be approximately 25 to approximately 21.

[070] If the temperature differential is in the second predetermined range and if an
ambient temperature range in a low ambient range, then an operation of a crankcase
heater of at Jeast one of the compressors, in which operation is restricted, may be allowed
(operation 445). For example, if the temperature differential is between approximately
25 and approximately 21, then operation of the crank case heater may be allowed. For
example, in a part load, operation of one or more first compressors may be restricted and
operation of one or more second compressors may be allowed. In some implementations,
the controller may retrieve a second predetermined range (e.g., from a memory of the
controller). The controller may compare the temperature differential to the second
predetermined range to determine whether the temperature differential is in the second

predetermined range.

[071] In some implementations, while the crankcase heater is allowed to operate one or
more temperature differentials (e.g., a difference between the compressor sump
temperature and the suction saturated temperature) may be determined. When the
temperature differential during the crankcase heater operation is greater than a

predetermined crankcase operational temperature differential, then the crankcase heater
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operation may be restricted (e.g., the crankcase heater may be turned off). When the
temperature differential during the crankcase heater operational temperature differential
is less or equal to a predetermined crankcase operational temperature differential, then
the crankcase heater operation may be allowed (e.g., the crankcase heater may remain
on). The predetermined crankcase heater operational temperature differential may be
approximately the same as or different from the predetermined high temperature
differential. In some implementations, the predetermined crankcase heater operational
temperature differential may be greater than the predetermined high temperature
differential. For example, the predetermined crankcase heater operational temperature

differential may be approximately 30.

[072] A determination may be made whether a temperature differential is in a third
predetermined range (operation 450). For example, the third predetermined range may
include values between a predetermined mid temperature differential and a predetermined
low temperature differential. The predetermined mid temperature differential and/or the
predetermined low differential may be based at least partially on manufacturer
recommendations, such compressor manufacturer operating ranges. For example, the
predetermined low temperature differential may be approximately 18. The third
predetermined range may be approximately 21 to approximately 18. In some
implementations, the controller may retrieve a third predetermined range (e.g., from a
memory of the controller). The controller may compare the temperature differential to
the third predetermined range to determine whether the temperature differential is in the

third predetermined range.

[073] An operation of compressor(s) may be adjusted if the temperature differential is in
the third predetermined range (operation 455). For example, if a determination is made
(e.g., by the controller) that the temperature differential is in the third predetermined
range, an operation of the compressor(s) may be adjusted. When the temperature
differential is in the third predetermined range, the difference between the compressor
sump temperature and the suction saturated temperature may be less than when the

temperature differential is in the second predetermined range. Thus, more heat may be
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required to maintain the oil viscosity, maintain compressor sump temperatures, inhibit oil

migration, etc.

[074] In some implementations, during when the compressor(s) are operating at part
load, operation of at least one first compressor may be restricted while one or more
second compressors may be allowed. If the temperature differential is in the third
predetermined range, then at least one of the first compressors, in which operation was
restricted, may be allowed to operate; and, at least one of the second compressors, in
which operation was allowed, may be allowed to operate. By allowing operation of a
first compressor, in which operation was restricted, the compressor sump temperature of
the compressor may increase by an amount greater than the crankcase heater and/or may
increase more cost-effectively than the crankcase heater. Thus, by allowing the
compressor sump temperature to increase, oil viscosity may be maintained, refrigeration
and/or oil migration may be inhibited, and/or performance of the air conditioner may be

increased (e.g., when compared to other systems).

[075] A determination may be made whether a temperature differential is in a fourth
predetermined range (operation 460). For example, the fourth predetermined range may
include values less than a predetermined low temperature differential. The predetermined
low temperature differential may be based at least partially on manufacturer
recommendations, such compressor manufacturer operating ranges. For example, the
predetermined low temperature differential may be approximately 18. The fourth
predetermined range may be less than approximately 18. In some implementations, the
controller may retrieve a fourth predetermined range (e.g., from a memory of the
controller). The controller may compare the temperature differential to the fourth
predetermined range to determine whether the temperature differential is in the fourth

predetermined range.

[076] A determination may be made whether to allow crankcase heater operation(s) if
the temperature differential is in the fourth predetermined range (operation 465). The

controller may retrieve the fourth predetermined range and compare the determined
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temperature differential to the fourth predetermined range. If the temperature differential
is determined to be in a fourth predetermined range, in some implementations, operation
of each of the crankcase heaters of the air conditioner may be allowed. In some
implementations, operation of each of the compressors may be restricted during operation
of the crankcase heaters (e.g., when the temperature differential is in the fourth
predetermined range). The operation of each of the crankcase heaters may be allowed for
the same and/or different periods of time. For example, each of the crankcase heaters
may be allowed for a second period of time, such as approximately 15 minutes. In some
implementations, second temperature differentials for each of the compressors may be
determined while the crankcase heaters are allowed to operate. The second temperature
differential for a compressor may be compared to a second temperature for another
compressor. When the difference between the second temperature differential for a
compressor and the second temperature for another compressor is less than a
predetermined operational temperature differential (e.g., approximately 3), the crankcase

heaters may be restricted from operation.

[077] In some implementations, the compressors may be allowed to operate after the
crankcase heaters have been allowed to operate for a third period of time. The third
period of time may be the time elapsed between the when the crankcase heaters were
allowed to operate and when the crankcase heaters are restricted from operations. In
some implementations, when the compressors are allowed to operate, operation of one or
more first compressors may be restricted, where the operation of the first compressors
was previously restricted during the part load operation; and, operation of the second
compressors may be allow, where the second compressors were previously allowed to
operate during the part load operation. In some implementations, when the compressors
are allowed to operate, operation of one or more first compressors may be allowed, where
the operation of the first compressors was previously restricted during the part load
operation; and, operation of the second compressors may be restricted, where the second

compressors were previously allowed to operate during the part load operation.
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[078] Process 400 may be implemented by various systems, such as system 100. In
addition, various operations may be added, deleted, and/or modified. In some
implementations, process 400 may be performed in combination with other processes
such as process 200, process 250, and/or process 300. For example, a first period of time
may not be allowed to elapse prior to determining a temperature differential. In some
implementations, the compressor sump temperature and/or the suction pressure may be
determined (e.g., by the controller) from measurements received by the controller. For
example, the controller may measure one or more properties of the air conditioner to

determine the compressor sump temperature and/or suction pressure.

[079] In some implementations, the suction saturated temperature may be determined

based at least partially on more than one refrigerant property.

[080] In some implementations, the first formula may be a logarithmic function of

suction pressure. For example:

Suction Saturated Temperature =  Refrigerant coefficient A
+ Refrigerant coefficient B x LN(suction
pressure)
+ Refrigerant coefficient C x (LN(suction

pressure))?

where,
Refrigerant coefficient A, Refrigerant coefficient B, and Refrigerant

coefficient C are based at least partially on properties of the refrigerant.
[081] In some implementations, the air conditioner may utilized R-410A refrigerant.
The first formula may include refrigerant coefficients based at least partially on the type

of refrigerant utilized by the system, such as R-410A. For example:

Suction Saturated Temperature =  Refrigerant coefficient A
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+ Refrigerant coefficient B x LN(suction
pressure)
+ Refrigerant coefficient C x (LN(suction

pressure))?

where,
Refrigerant coefficient A is approximately -9 to -10;
Refrigerant coefficient B is approximately -31 to approximately -32; and

Refrigerant coefficient C is approximately 8 to 9.

[082] In some implementations, the first formula may be determined based on empirical
data. For example, an air conditioner may be allowed to operate and measurements may
be obtained (e.g., of suction temperature, suction pressure, refrigerant migration, etc.).
The measurements may be utilized to determine a first formula that relates suction

saturated temperature to suction pressure.

[083] In some implementations, the ambient temperature (e.g., temperature proximate at
least a portion of the air conditioner, such as an outdoor portion) may be determined. The
ambient temperature may be compared with a low ambient temperature range. When the
temperature differential is in the second predetermined range and when an ambient
temperature is in a low ambient temperature range (e.g., less than a predetermined low
ambient temperature, such as approximately 60 degrees Fahrenheit and/or approximately
62 degrees Fahrenheit), one or more of the crankcase heaters that is associated with first
compressor(s) may be allowed to operate. If the ambient temperature is greater than the
low ambient temperature range, then the operation of the crankcase heater may be
restricted.  For example, if the ambient temperature is greater than a low ambient
temperature range, the crankcase heater operation may be restricted even when the

temperature differential is in the second predetermined range.

[084] In some implementations, compressor operations may be managed by maintaining

the oil viscosity in a predetermined operational range. The lubrication properties of the
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oil may depend on the appropriate viscosity of oil being maintained in the compressor.
Thus, when the oil viscosity is maintained, in predetermined operational range oil (e.g.,
greater than a predetermined or determined oil viscosity minimum), oil issues (e.g.,
migration and/or dilution) may not substantially affect the performance of the
compressor. The viscosity of the compressor(s) of the air conditioner may be maintained
in an operational range by adjusting fan operations, in some implementations. Figure 5
illustrates an implementation of an example process 500 for maintaining an oil viscosity.
A suction pressure and a compressor sump temperature may be determined (operation
505). For example, sensors may measure (e.g., directly and/or indirectly) one or more
properties of the air conditioner or a portion thereof (e.g., compressor) and a controller
(e.g., a module executed by the processor of the controller) may determine suction
pressure and compressor sump temperature based on the measurements. The controller
may save the determined suction pressure and/or compressor sump temperature in a

memory of the controller.

[085] Associations between oil type, refrigerant type, miscibility properties of the oil,
miscibility properties of the refrigerant, oil viscosity, suction pressure, compressor
suction temperature, and a temperature differential (e.g., based on the compressor sump
temperature) may be reftrieved (operation 510). For example, a second formula may be
retrieved. The second formula may allow a temperature differential (e.g., based on the
difference between the a compressor sump temperature and a minimum compressor sump
temperature) a minimum compressor sump temperature to be calculated based at least
partially on suction pressure, oil properties (e.g., type of oil , mixture properties of oil,
properties of refrigerant in compressor, etc.), and/or properties of the air conditioner (e.g.,

type of expansion device and/or compressor properties such as type and/or number).

[086] The second formula may be a linear formula. For example:

A minimum compressor sump temperature = oil coefficient A -+ suction pressure

x oil coefficient B
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where,

oil coefficient A may be related to a minimum compressor sump temperature of
the compressor (e.g., based on manufacturer spccifications) to achieve a predetermined
low oil viscosity, and

oil coefficient B may be the ratio of (maximum compressor sump temperature of
the compressor (e.g., based on manufacturer specification) minus the minimum
compressor sump temperature of the compressor) to (maximum suction pressure of the
compressor (e.g., based on manufacturer specification) minus the minimum suction

pressure of the compressor (e.g., based on manufacturer specification).
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[087] In some implementations, the second formula may be:

A minimum compressor sump temperature = oil coefficient A + suction pressure

x oil coefficient B

where,

oil coefficient A = approximately 10; and

oil coefficient B = approximately ((20-10)/(155-95), where 20 is the
predetermined maximum compressor sump temperature, 10 is the predetermined
minimum compressor sump temperature, 155 is the predetermined maximum suction

pressure, and 95 is the predetermined minimum suction pressure.

[088] In some implementations, utilizing retrieved associations (e.g., second formula,
table of associations, etc.) to determine a minimum compressor sump temperature may
allow the air conditioner to adjust the minimum compressor sump temperature at which
the air conditioner is allowed to operate based on operating parameters (e.g., type of oil,
suction pressure, and/or other parameters). For example, a manufacturer may
recommend a first recommended minimum compressor sump temperature for operation
of the air conditioner across a range of operating conditions. However, by allowing the
minimum compressor sump temperature to adjust based on the suction pressure, a lower
minimum compressor sump temperature may be determined to maintain oil viscosity in a
predetermined operating range. If a lower minimum compressor sump temperature is
allowed during air conditioner operations while maintaining oil viscosity (e.g., and thus
performance of the oil), then costs may be lowered (e.g., since operations to increase the
oil viscosity and/or increase the compressor sump temperature may not be performed as

frequently).

[089] A minimum compressor sump temperature to maintain a predetermined oil
viscosity may be determined based on retrieved associations.(operation 515). The second

formula may be retrieved by the controller and utilized to determine the minimum

33

Date Regue/Date Received 2020-04-21



compressor sump temperature. By utilizing the association between the oil viscosity
(e.g., oil viscosity and/or oil dilution) and the suction pressure, the minimum compressor
sump temperature for operation at a particular suction pressure may be determined. The
determined minimum compressor \temperature value may allow operation below a
minimum compressor sump temperature provided by a manufacturer (e.g., in which an
average minimum sump temperature and/or steady state sump temperature may be
assigned the minimum sump temperature). By allowing the sump to operate at or above
the determined minimum compressor sump temperature for an operational suction

pressure, oil dilution and/or migration may be inhibited.

[090] A temperature differential may be determined (operation 520). The temperature
differential may be based at least partially on the difference between the determined
compressor sump temperature and the determined minimum compressor sump
temperature. The temperature differential may be determined by a controller (e.g., a
processor of the controller) executing instructions retrieved from a memory of the air

conditioner.

[091] A determination may be made whether the determined suction pressure is greater
than a predetermined maximum suction pressure (operation 525). For example, a
predetermined maximum suction pressure may be retrieved from a memory of the air
conditioner. The predetermined maximum suction pressure may be based at least
partially on the properties of the air conditioner, such as the compressor properties (e.g.,
manufacturer specifications, capacity, and/or other properties) and/or oil properties. For

example, the predetermined maximum suction pressure may be approximately 155 psig.

[092] If the determined suction pressure is less than the predetermined maximum
suction pressure, then operation of the air conditioner may be maintained (operation 530).
For example, the predetermined maximum suction pressure (e.g., retrieved from a
memory of the controller) may be determined (e.g., by a module executed by the
controller) to be greater than the determined suction pressure (e.g., determined by the

controller). Adjustment of the operations of the air conditioner may then be inhibited.
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and the operations of the air conditioner (e.g., in response to a request for operation) may

be maintained.

[093] If the determined temperature differential is less than a predetermined minimum
temperature differential and if the determined suction pressure is less than the
predetermined maximum suction pressure, then the speed of at least one of the fans of the
air conditioner may be reduced (operation 535). For example, a fan may include a
multistage fan with a high setting and at least one low setting. The fan may then reduce a
speed from a high setting to at least one of the low settings (e.g., which is associated with
a slower rotational speed, such as revolutions per minute, than the high setting). In some
implementations, the air conditioner may include more than one fan that provides an air
flow to the evaporator and/or condenser. The setting of at least one of the fans may be
reduced (e.g., from high setting to at least one of the low settings, from a low setting to a
lower setting, and/or from a setting to an off setting), in some implementations. In some
implementations, the fan(s), of which the speed may be reduced, may be the tan(s)
providing an air flow to the heat exchanger acting as the evaporator. By reducing the
speed of at least one of the fans, the suction pressure may be reduced. The air
conditioner may monitor the suction pressure to identity and/or allow a reduction in the
speed of one or more fans such that the suction pressure reduces to below the maximum

suction pressure.

[094] If the suction pressure is not greater than the predetermined maximum suction
pressure, then operation of the air conditioner may be maintained (e.g., adjustment of the
air conditioner, operating in response to a request, may be restricted). For example, the
air conditioner may determine one or more signals for operation of the components of the
air conditioner in response to a received request for operation. When operation of the air
conditioner is maintained, adjustment to the signal(s) may be inhibited (e.g., as opposed
to when adjustment is allowed and one or more of the signals may be modified by a

module of the controller).
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[095] Process 500 may be implemented by various systems, such as system 100. In
addition, various operations may be added, deleted, and/or modified. In some
implementations, process 500 may be performed in combination with other processes
such as process 200, process 250, process 300, and/or process 400. For example, rather
than determining a temperature differential, a determination may be made whether the
determined compressor sump temperature is greater than the determined minimum
compressor sump temperature. For example, one or more of the operations may be
performed in a refrigeration system. In some implementations, the determined
compressor sump temperature may be compared to the determined minimum compressor
sump temperature (e.g., by the controller). If the determined compressor sump
temperature is greater than the determined minimum compressor sump temperature and if
the determined suction pressure is less than the predetermined maximum suction

pressure, then the speed of at least one of the fans of the air conditioner may be reduced.

[096] In some implementations, the predetermined minimum temperature differential
may be stored in a memory of the air conditioner. The predetermined minimum
temperature differential may be approximately 1 degree Fahrenheit, in some
implementations. The predetermined minimum temperature differential may be based on

properties of the air conditioner, in some implementations.

[097] In some implementations, a minimum compressor sump temperature may be
based on associations in a table of associations. In some implementations, the retrieved
associations may be based on an oil viscosity curve. Figure 6 illustrates an
implementation of example associations 600 between oil viscosity (e.g., oil viscosity
and/or oil dilution), compressor sump temperature, and suction pressure. As illustrated,
the minimum compressor sump temperature to maintain an oil viscosity in an operating
range (e.g., greater than 5 centistokes and/or less than 7 centistokes) may be identified
when a suction pressure is known based on the associations 600. The associations 600
may be based at least partially on the properties of the oil (e.g., type of oil and/or mixture

properties of the oil).
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[098] In some implementations, a suction pressure may not be compared to a
predetermined maximum pressure. Blower speed reduction may not be utilized to reduce
the suction pressure, in some implementations. For example, a minimum compressor
sump temperature may be determined based on the formula and operation of the air
conditioner may be maintained when a determination is made that the compressor sump

temperature is greater than the determined minimum compressor sump temperature.

[099] In some implementations, freeze stat protection may be utilized with an air
conditioner. For example, a determination may be made whether the determined suction
pressure is less than a predetermined low suction pressure. The predetermined low
suction pressure may be based on manufacturer specifications, refrigerant properties, air
conditioner properties, etc. For example, for an air conditioner with a fixed orifice as an
expansion device and R-410A refrigerant, a predetermined low suction pressure may be
approximately 90 psig. When the suction pressure is below the predetermined low
suction pressure, then freeze stat protection operations may be allowed. Freeze stat
protection operations may inhibit icing on condensers and/or fan(s) associated with
condensers. Freeze stat protection operations may include restricting operation of fans,
increasing evaporator fan speed, reversing refrigerant flow (e.g., in heat pumps to allow a
cooling cycle which provides heated refrigerant to the condenser), and/or other operations

to inhibit icing on condenser and/or fan(s) associated with the condenser.

[0100] In some implementations, an oil viscosity curve may be retrieved and the second
formula may be determined based at least partially on the retrieved oil viscosity curve.
For example, a function that approximates the retrieved associations may be generated.
A curve-fitting algorithm may be applied to determine a second formula based on the oil
viscosity curve. In some implementations, the determined second formula may be used
with a plurality of air conditioners with similar components (e.g., similar refrigerant,

similar oil, similar compressor(s), etc.).

[0101] In some implementations, when the compressor sump temperature is greater than

the determined minimum compressor sump temperature, one or more of the operations of
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process 400 may be executed. For example, if the compressor sump temperature is
greater than the determined minimum compressor sump temperature, the suction
saturatcd temperature may be determined. A temperature diffcrential may be determined
based on the difference between the compressor sump temperature and the suction
saturated temperature. The temperature differential may be compared to one or more
predetermined ranges (e.g., first predetermined range, seccond predetermined range, third
predetermined range, and/or fourth predetermined range) and operations of the air
conditioner (e.g., compressor(s) operation(s) and/or crankcase heater(s) operation(s)) may

be adjusted based on the comparison.

[0102] In some implementations, the oil viscosity associations may be utilized to manage
operations of a system (e.g., compressor operations in an air conditioner and/or
refrigeration system). For example, an air conditioner may be allowed to operate. The
air conditioner may receive requests for operation from a user (e.g., via a thermostat)
and/or based on default conditions. The air conditioner may operate based on the
received requests (e.g., a processor may execute instructions such as a management
module that determines operational conditions and/or settings for components). A
compressor sump temperature and/or a suction pressure of an air conditioner may be

determined.

[0103] In some implementations, a suction saturated temperature may be determined
based at least partially on the determined suction pressure. For example, a first formula
may be retrieved that allows a suction saturated temperature associated with a suction
pressure to be determined based on the determined suction pressure. A temperature
differential may be determined based on the difference (e.g., absolute and/or relative)
between the determined compressor sump temperature and the determined saturated

temperature.

[0104] In some implementations, a minimum temperature differential may be determined
based at least partially on the suction pressure and the retrieved oil viscosity associations.

Oil viscosity associations may be retrieved. The oil viscosity associations may include
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associations between oil viscosities, suction pressures, compressor sump temperatures,
and/or temperature differentials. The controller (e.g., a processor of the controller
cxccuting instructions) may determine a minimum compressor sump temperature based
on the retrieved oil viscosity associations. For example, using the oil viscosity
associations, a compressor sump temperature associated with a suction pressure and an
oil viscosity (e.g., a predetermined value for a minimum oil viscosity) may be
determined. Thus, a minimum temperature differential may be determined. The
minimum temperature differential may be the difference (e.g., absolute and/or relative)
between the minimum compressor sump temperature and the determined suction

saturated temperature (e.g., associated with the determined suction pressure).

[0105] In some implementations, the oil viscosity associations may include associations
between oil viscosity, suction pressure, and minimum temperature differentials. The
minimum temperature differentials may be determined based at least partially on the oil
viscosity associations.  For example, the determined suction pressure and a
predetermined minimum oil viscosity may be utilized with the association to determine

the minimum temperature differential.

[0106] The determined minimum temperature differential may be compared to the
determined temperature differential. Operation(s) of the air conditioner may be managed
based at least partially on the comparison between the determined minimum temperature
differential and the determined temperature differential. For example, crankcase heater
operation and/or compressor operation may be adjusted and/or maintained based at least
partially on the comparison. In some implementations, evaporator fan(s) speed(s) may be

reduced based at least partially on the comparison.

[0107] In some implementations, if the determined suction pressure is greater than a
predetermined maximum suction pressure, then speed(s) of the evaporator fan(s) of the
air conditioner may be reduced. For example, evaporator fan(s) may include at least one
high speed and at least one lower speed. Thus, when reducing speed(s) of evaporator

fan(s), operation at one of the lower speeds may be allowed. In some implementations,
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reducing speed(s) of evaporator fan(s) may include restricting operation of one or more

fans and allowing operation of at least one fan.

[0108] In some implementations, reducing speed(s) of evaporator fan(s) may include
incrementally adjusting one or more speed(s) of evaporator fan(s). For example, a fan
speed may be incrementally reduced by approximately 5% up (o a minimum evaporator
fan speed (e.g., based on air conditioner settings, operating conditions, manufacturer
specifications, etc.). The fan speed may be reduced by the increment (e.g., approximately
5%) cach time the suction pressure is determined to be greater than a predetermined
maximum suction pressure and/or predetermined maximum suction pressure range. The
predetermined maximum suction pressure range may be utilized to inhibit overcorrection
by the controller. For example, at least one second suction pressure may be determined
during at least one of the incremental reductions in speed of the evaporator fan and the
second suction pressure(s) may be compared to the predetermined maximum suction
pressure and/or predetermined maximum second suction pressure range. Based on the
comparison, the evaporator fan speed(s) may be additionally reduced and/or maintained.
For example, if a second suction pressure(s) is less than the predetermined maximum
suction pressure and/or predetermined maximum suction pressure range, then the
evaporator fan speed(s) may be maintained. If a second suction pressure(s) is greater
than the predetermined maximum suction pressure and/or predetermined maximum

suction pressure, then the evaporator fan speed(s) may be reduced.

[0109] In some implementations, the crankcase heater and/or compressor operation may
be managed using one or more of the operations in process 400 based on the temperature

differential.

[0110] In some implementations, a second compressor sump temperature may be
determined during at least one of the adjusted operations of the air conditioner, and
operation(s) of the air conditioner may be adjusted such that the determined second

compressor sump temperature 1s greater than the determined minimum compressor sump
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temperature. Adjusting the operation(s) of the air conditioner may include adjusting

operation of compressor(s) and/or crankcase heater(s) of the air conditioner.

[0111] In some implementations, managing one or more operations of the air conditioner
may include managing one or more operations of the air conditioner such that the
determined temperature differential is above the determined minimum temperature
differential. For example, crankcase heater(s) may be allowed to operate. By allowing
operation of the crankcase heater(s), the temperature of the compressor may be increased
and thus the value of the determined temperature differential may be increased. In some
implementations, compressor operations may be adjusted. For example, at least one
compressor, in which operation has been restricted, may be allowed to operate, and at
least one compressor, in which operation has been allowed, may be restricted from
operation. By allowing operation of a compressor in which operation has been restricted,
the temperature of the compressor may be increased. Thus, by increasing the temperature
of the compressor, the associated temperature differential may be increased. However, to
reduce the usage of the crankcase heater and/or alternating compressor restriction (e.g., at
least one compressor, in which operation has been restricted, may be allowed to operate,
and at least one compressor, in which operation has been allowed, may be restricted from
operation), the temperature differential may be compared to a minimum temperature
differential determined based at least partially on the oil viscosity associations (e.g., when
compared to using a fixed minimum temperature differential and/or fixed minimum
compressor sump temperature). Reducing usage of the crankcase heater and/or
alternating compressor restriction operations, may decrease cost and/or increase system

efficiencies.

[0112] In some implementations, a determination may be made whether the determined
suction pressure is below a predetermined low suction pressure; and freeze stat protection
operation(s) may be allowed if the determined suction pressure is determined to be below
the predetermined low suction pressure.  Oil viscosity associations may include

associations between oil viscosities and temperature differentials,
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[0113] In some implementations, a suction pressure of the air conditioner may be
controlled. For example, the suction pressure may be maintained below a predetermined
maximum suction pressure and/or maintained in a predetermined operational suction
pressure. For example, a predetermined maximum suction pressure and/or predetermined
operational suction pressure may be based at least partially on manufacturer, industry,
and/or government specifications. The predetermined maximum suction pressure and/or
the predetermined operational suction pressure may be stored in a memory of the
controller.  During operation of the air conditioner, the suction pressure of the
compressor(s) may be determined. A minimum compressor sump temperature may be
determined based at least partially on the determined suction pressure. For example,
based on a second formula. The determined minimum compressor sump temperature
may be compared to a determined compressor sump temperature. When the compressor
sump temperature is greater than the determined minimum compressor sump temperature
and the suction pressure is greater than a maximum suction pressure, one or more
operations of the air conditioner may be adjusted. For example, a speed of one or more
of the fans of the air conditioner may be decreased. By decreasing the speed of the
fan(s), the suction pressure may be decreased. When the suction pressure is decreased,
the viscosity of the oil in the compressor may be increased. Thus, oil dilution may be

inhibited (e.g., by maintaining a viscosity of the oil in an operating range).

[0114] In some implementations, a suction pressure of a system, such as an air
conditioner, may be monitored and one or more operations of the system may be
managed at least partially based on the suction pressure. Figure 7 illustrates an
implementation of an example process 700 for managing operations of an air conditioner
based at least partially on suction pressure. Operation of the air conditioner may be
allowed (operation 705). For example, request(s) (e.g., from a thermostat) for operation
of the air conditioner may be received. The air conditioner may operate based at least
partially on the received request. For example, the air conditioner may determine
operating conditions, such as settings for components of the air conditioner (e.g., such as

whether to allow the compressor(s) to operate at part load or full load).
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[0115] A determination may be made whether a change in system operating condition(s)
has occurred (operation 710). For example, the air conditioner (e.g., a controller of the
air conditioner) may compare the current operating conditions to previous operating
conditions (e.g., the operating conditions of the air conditioner prior to receiving the
request for operation). The air conditioner (e.g., a processor of the controller executing
instructions) may then determine whether a change in the system operating condition has
occurred based at least partially on this comparison. A change may occur, for example,
when a compressor is allowed to switch from full load to part load; a compressor is
allowed to switch from a part load to a full load; a damper position is changed; fan

operations change; etc.

[0116] If a determination is made that a change in system operating condition(s) has not
changed, operation of the air conditioner may be allowed (operation 715). For example,

the air conditioner may be allowed to continue to operate based on the received request.

[0117} If a determination has been made that a change in the system operating
condition(s) has occurred, then a first period of time may be allowed to elapse (operation
720). The first period of time may be a fixed time and/or a time based on monitored
properties of the system. For example, the first period of time may be from
approximately 10 minutes to approximately 30 minutes. The first period of time may
include the amount of time for a change in a measured property (e.g., suction pressure) to
be less than a predetermined maximum change. For example, when operating conditions
of the air conditioner change, it may take a period of time for the properties of the air
conditioner to stabilize or approximately stabilize. This period of time may be allowed to
elapse prior to allowing one or more of the other operations to avoid further changes in
the operating conditions based on temporary conditions. For example, a pressure may
temporarily spike and return to a lower pressure during an operation change. To avoid
changing operating conditions based on the temporary spike, the air conditioner may
allow the pressure to stabilize (e.g., by measuring pressure and waiting a period of time

for the change in pressure to be less than a predetermined maximum change value).
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[0118] A suction pressure of the air conditioner may be determined (operation 725). For
example, a sensor may be disposed proximate the suction line and/or inlet of the
compressor to determine the suction pressure of the air conditioner. The sensor may
provide a measurement, which is transmitted to the controller of the air conditioner. The

suction pressure may be determined from the measurement of the sensor.

[0119] A determination may be made whether the determined suction pressure is greater
than a predetermined maximum suction pressure (operation 730). The controller (e.g., a
processor of the controller executing instructions) may retrieve the predetermined
maximum pressure from a memory of the air conditioner. The determined suction
pressure may be compared to the retrieved predetermined maximum pressure to
determine if the determined suction pressure is greater than the predetermined maximum
pressure. Allowing the air conditioner to operate at suction pressures greater than the
predetermined maximum pressure may increase wear on components, decrease
reliability, and/or cause failures (e.g., tripping high pressure switches) of the air

conditioner.

[0120] If the determined suction pressure is not greater than the predetermined maximum
pressure, then the air conditioner may be allowed to operate (operation 735). The air
conditioner operations and/or operating conditions may be maintained. Thus, for
example, the air conditioner may continue to operate based at least partially on the

received request.

[0121] If the determined suction pressure is greater than the predetermined maximum
pressure, then speed(s) of one or more of the evaporator fan may be reduced (operation
740). The fan speed(s) of one or more evaporator fans may be adjusted if the suction
pressure is greater than the predetermined maximum pressure. For example, the fan
speed may be reduced. By reducing the fan speed, the suction pressure may be

decreased.
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[0122] Process 700 may be implemented by various systems, such as system 100. In
addition, various operations may be added, deleted, and/or modified. In some
implementations, process 700 may be performed in combination with other processes
such as process 200, process 250, process 300, process 400 and/or process 500. For
example, a determination may not be made whether a change in operating condition has
occurred. In some implementations, a suction pressure may be determined and
operations of a fan may be adjusted based on the suction pressure. In some
implementations, an amount of time may not be allowed to elapse prior to determining

suclion pressure.

[0123] In some implementations, the predetermined maximum suction pressure may be
include a variability coefficient. For example, the predetermined maximum suction
pressure may be a predetermined suction pressure (e.g., 155 psig) retrieved from a
memory of the controller plus a variability coefficient (e.g., 5 psig). In order to avoid

overcorrection and the effects of hysteresis, the variability coefficient may be utilized.

[0124] In some implementations, the adjusting setting of the evaporator fan may be
maintained until another change in operating condition (e.g., another call) is determined.
For example, when a new request for operation is received, the setting of the evaporator
fan may be adjusted based on the new request. ~When a received request has been
satisfied, the operating conditions may change (e.g., since operation of the air conditioner
may be restricted or turned off in response), and the setting of the evaporator fan may

then be changed.

[0125] In some implementations, adjusting the setting(s) of the evaporator fan(s) may
include allowing a first reduction in a first set of evaporator fans and determining a
second suction pressure, which is measured after the first reduction. A determination
may be made whether the second suction pressure is greater than the predetermined
maximum suction pressure. If the second suction pressure is greater than the
predetermined maximum suction pressure, a second reduction in a second set of

evaporator fans may be allowed. The first reduction and the second reduction may be the
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same or different. The first set of evaporator fans and the second set of evaporator fans
may be the same or different. One or more additional suction pressures may be
determined and/or one or more additional reductions may be allowed for one or more of
the evaporator fans and/or sets of evaporator fans based on the determined additional
suction pressure(s). For example, an evaporator fan speed may be incrementally reduced
by approximately 5 percent each time a determined suction pressure is greater than a
predetermined maximum suction pressure. In some implementations, a speed of an
evaporator fan may be inhibited from being less than a predetermined minimum
evaporator fan speed (e.g., based on manufacturer specifications, operating conditioner,

etc.).

[0126] In some implementations, one or more adjustments to the settings of the
evaporator fan(s), such as a reduction in speed, may be allowed until a suction pressure is
determined to be less than a predetermined second maximum suction pressure. The
predetermined second maximum suction pressure may be less than the predetermined
maximum suction pressure. For example, the predetermined maximum suction pressure
may be approximately 160 psig and the second predetermined maximum suction pressure

may be approximately 150 psig.

[0127] In some implementations, when determining whether a change in system
operating condition(s) has occurred, the controller may determine the type of change.
Some types of changes in operating condition may trigger determining suction pressure
and other types of changes may not trigger determining suction pressure. For example,
when changes in operating conditions that affect suction pressure (e.g., change in
compressor function) are detected by the controller, then first period of time may be
allowed to elapse and the suction pressure may be determined. The controller may
determine whether the type of change affects suction pressure by retrieving a listing of
changes that affect suction pressure (e.g., from a memory of the system) and comparing
the listing to the determined change. In some implementations, if the determine change is

on the listing then first period of time may be allowed to elapse and the suction pressure
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may be determined; and if the determined change is not on the listing, then the air

conditioner may be allowed to operate; and/or vice versa.

[0128] Although the various operations have been described with respect to an air
conditioner, one or more features of the air conditioner system and operations may be
utilized with other systems, such as a refrigeration system. For example, a refrigeration
system may include a condenser, compressor(s), and evaporator that operate to maintain a
predetermined set point temperature in a location (e.g., refrigeration room or box). The
refrigeration system may operate in part load based on the difference between the
temperature of the location and the predetermined set point temperature. During part
load operations and/or other operations, one or more of the described operations may be

performed to maintain oil viscosity in a predetermined oil viscosity range.

[0129] In various implementations, a lubricating fluid such as oil (e.g., compressor oil)
may include refrigerant. During operation of the system, refrigerant in the compressor
may mix with the oil provided as lubricating fluid for the compressor. Thus oil
viscosities may refer to the viscosity of a fluid mixture containing oil and refrigerant. Oil
association tables may relate oil viscosity to other properties, in which the referenced oil
viscosity relates to the viscosity of the lubricating fluid that includes oil. Oil may refer to

a mixture of oil and refrigerant and/or oil diluted by refrigerant.

[0130] Although a specific controller has been described in Figure 1, the controller may
be any appropriate computer or other programmable logic device. The controller may
include a processor that executes instructions (e.g., modules) and manipulates data to
perform operations of the controller. Processor may include a programmable logic
device, a microprocessor, or any other appropriate device for manipulating information in
a logical manner and memory may include any appropriate form(s) of volatile and/or

nonvolatile memory, such as RAM and/or Flash memory.

[0131] The memory may include data, such as predetermined property values (e.g.,

minimum compressor sump temperatures, maximum compressor sump temperatures,
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maximum suction pressures, and/or minimum suction pressures); predetermined
properties of low ambient temperature; low ambient temperature ranges, operational
range for oil viscosities; first predetermined ranges; second predetermined ranges; third
predetermined ranges; fourth predetermined ranges; predetermined high temperature
differentials; predetermined mid temperature differentials; predetermined low
temperature differentials; first periods; second periods; third periods; first formulas;
second formulas; associations; oil viscosity associations; and/or any other data useful to

the operation of the air conditioner.

[0132] In addition, various software may be stored on the memory. For example,
instructions (e.g., operating systems and/or other types of software), an operation module
and/or compressor management modules may be stored on the memory. The operation
module may operate the air conditioner and/or components thereof during normal
operations (e.g., operations in which the system operates based at least partially on user
requests for operation). The compressor management module may perform one or more
of the operations in processes 200, 300, 400, 500, portions thereof, and/or combinations
thereof. For example, the compressor management module may determine properties;
retrieve predetermined property values and/or ranges of values; compare values;
determine compressor settings, crankcase heater settings, and/or crankcase heater
settings; determine whether to adjust air conditioner operations based on low ambient
temperature; determine whether to retrieve a table of associations and/or formulas; and/or

other operations.

[0133] In some implementations, modules may be combined, such as into a single
module or multiple modules. Operation modules and/or compressor management
modules may be distinct modules. In an implementation, operation modules and/or

compressor management modules may include various modules and/or sub-modules.

[0134] A communication interface may allow the controller to communicate with
components of the heat pump, other repositories, and/or other computer systems. The

communication interface may transmit data from the controller and/or receive data from
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other components, other repositories, and/or other computer systems via network
protocols (e.g., TCP/IP, Bluetooth, and/or Wi-Fi) and/or a bus (e.g., serial, parallel, USB,
and/or FircWire). Operations of the heat pump stored in the memory may be updated
and/or altered through the communication via network protocols (e.g., remotely through a

firmware update and/or by a device directly coupled to the controller).

[0135] The controller may include a presentation interface to present data to a user, such
as though a monitor and speakers. The presentation interface may facilitate receipt of

requests for operation from users.

[0136] A client (e.g., control panel in field or building) may allow a user to access the
controller and/or instructions stored on the controller. The client may be a computer
system such as a personal computer, a laptop, a personal digital assistant, a smart phone,
or any computer system appropriate for communicating with the controller. For example,
a technician may utilize a client, such as a tablet computer, to access the controller. As
another example, a user may utilize a client, such as a smart phone, to access the

controller and request operations.

[0137] Although Figure 1 provides one example of controller that may be used with the
disclosure, controller can be implemented through computers such as servers, as well as a
server pool. For example, controller may include a general-purpose personal computer
(PC) a Macintosh, a workstation, a UNIX-based computer, a server computer, or any
other suitable device. In some implementations, a controller may include a
programmable logic device. For example, the controller may be mounted to a wall of a
location in which air conditioning may be provided. According to one implementation,
controller may include a web server. Controller may be adapted to execute any operating
system including UNIX, Linux, Windows, or any other suitable operating system.
Controller may include software and/or hardware in any combination suitable to provide

access to data and/or translate data to an appropriate compatible format.
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[0138] Various implementations of the systems and techniques described herein can be
realized in digital electronic circuitry, integrated circuitry, specially designed ASICs
(application specific integrated circuits), computer hardware, firmware, soflware, and/or
combinations thereof. These various implementations can include implementations in
one or more computer programs that are executable and/or interpretable on a
programmable system, including at least one programmable processor, which may be
special or general purpose, coupled to receive data and instructions from, and to transmit
data and instructions to, a storage system, at least one input device, and at least one

output device.

[0139] These computer programs (also known as programs, software, software
applications or code) include machine instructions for a programmable processor, and can
be implemented in a high-level procedural and/or object-oriented programming language,
and/or in assembly/machine language. As used herein, the term "machine-readable
medium" refers to any computer program product, apparatus and/or device (e.g.,
magnetic discs, optical disks, memory, Programmable Logic Devices (PLDs)) used to
provide machine instructions and/or data to a programmable processor, including a
machine-readable medium that receives machine instructions as a machine-readable
signal. The term "machine-readable signal" refers to any signal used to provide machine
instructions and/or data to a programmable processor. The machine-readable signal(s)

may be non-transitory waves and/or non-transitory signals.

[0140] Although mechanical failure and mechanical failure events have been described
as conditions that cause mechanical failure, conditions that precede mechanical failure

may also be included, such as excessive wear on paits.

[0141] Although users have been described as a human, a user may be a person, a group
of people, a person or persons interacting with one or more computers, and/or a computer

system.
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[0142] It is to be understood the implementations are not limited to particular systems or
processes described which may, of course, vary. It is also to be understood that the
terminology used herein is for the purpose of describing particular implementations only,
and is not intended to be limiting. As used in this specification, the singular forms “a”,
“an” and “the” include plural referents unless the content clearly indicates otherwise.
Thus, for example, reference to “a crankcase heater” includes a combination of two or

more crankcase heater and reference to “a refrigerant” includes different types and/or

combinations of refrigerants.
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CLAIMS
1. A method of managing air conditioner operations, the method comprising:
determining, using a first sensor, a compressor sump temperature of an air
conditioner;
determining, using a second sensor, a suction pressure of the air conditioner;
determining suction saturated temperature based at least upon the determined
suction pressure;
determining a temperature differential based on the difference between the
determined compressor sump temperature and the determined suction saturated
temperature; and
managing one or more operations of the air conditioner based at least upon a

minimum temperature differential and the determined temperature differential.

2. The method of claim 1 wherein managing one or more operations of the air
conditioner comprises managing one or more operations of the air conditioner such that

the determined temperature differential is above the minimum temperature differential.

3. The method of claim 1 wherein managing one or more operations of the air
conditioner comprises reducing a speed of one or more fans of an evaporator of the air

conditioner if the determined suction pressure is greater than a predetermined maximum

suction pressure.

4. The method of claim 3 wherein at least one of the fans is configured to operate at
at least one high speed and at at least one lower speed, and wherein reducing a speed of

one or more of the fans comprises allowing operation at the at least one lower speed.

5. The method of claim 1 further comprising determining if the determined
temperature differential is less than the minimum temperature differential, and wherein
managing one or more operations of the air conditioner comprises:

if the determined temperature differential is less than the minimum temperature
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determining a second compressor sump temperature during at least one of the
adjusted operations of the air conditioner;

wherein one or more operations of the air conditioner are adjusted such that the
determined second compressor sump temperature is greater than a minimum compressor

sump temperature.

6. The method of claim 5 wherein adjusting one or more of the operations of the air
conditioner comprises at least one of:
adjusting operation of one or more compressors of the air conditioner

or adjusting operation of one or more crankcase heaters of the air conditioner.

7.  The method of claim 1 further comprising;:

determining whether the determined suction pressure is below a predetermined low
suction pressure; and

allowing one or more freeze stat protection operations if the determined suction

pressure is determined to be below the predetermined low suction pressure.

8.  The method of claim 1 further comprising:
retrieving oil viscosity associations, wherein the oil viscosity associations includes
associations between oil viscosities, suction pressures, and compressor sump temperatures;
determining a minimum compressor sump temperature to maintain a predetermined
oil viscosity at the determined suction pressure based on the retrieved oil viscosity
associations;
determining a second temperature differential based at least on the difference between
the determined compressor sump temperature and the determined suction pressure; and
managing one or more operations of the air conditioner based at least on the

determined second temperature differential.
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9. A method comprising:

operating an air conditioner;

determining whether operation of at least one compressor in the air conditioner is
restricted;

allowing a first period of time to elapse if a determination has been made that

operation of at least one compressor in the air conditioner is restricted;

determining a compressor sump temperature of the air conditioner;

determining a suction pressure of the air conditioner;

determining suction saturated temperature based at least upon the determined suction
pressure and a refrigerant property;

determining a temperature differential based on the difference between the
determined compressor sump temperature and the determined suction saturated
temperature;

determining if the temperature differential is in a first range, and allowing the air
conditioner to continue operation if the temperature differential is in the first range;

determining if the temperature differential is in a second range and determining an
ambient temperature, and allowing crankcase heater operation in at least one of the
compressors in which operation is restricted if the temperature differential is in the second
range and if the ambient temperature is in a low temperature range;

determining if the temperature differential is in a third range, and adjusting operation
of the compressors ifthe temperature differential is in the third range; and

determining if the temperature differential is in a fourth range, and determining
whether to allow a plurality of crankcase heater operations if the temperature differential is

in the fourth range.

10. The method of claim 9 further comprising:
determining whether one or more compressors of the air conditioner are operating at
part load; and
determining the suction saturated temperature based at least on a refrigerant
coefficient and the determined suction pressure if one or more of the compressors are

determined to operaie at part load.
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11.  The method of claim 9 further comprising:

determining whether one or more compressors of the air conditioner are operating at part
load; and

allowing a first period of time to elapse if one or more of the compressors are determined
to operate at part load;

wherein the compressor sump temperature and the suction pressure are determined after

allowing the first period of time to elapse.

12. The method of claim 9 wherein the first predetermined range comprises values greater

than a predetermined high value.

13. The method of claim 9 wherein the second predetermined range includes values from a

predetermined high value to a predetermined mid value.

14. The method of claim 9 wherein the third predetermined range includes values from a

predetermined mid value to a predetermined low value.

15. The method of claim 9 further comprising:
retrieving oil viscosity associations, wherein the oil viscosity associations includes
associations between oil viscosities, suction pressures, and compressor sump temperatures;
determining a minimum compressor sump temperature to maintain a predetermined oil
viscosity at the determined suction pressure based on the retrieved oil viscosity associations;
determining a second temperature differential based at least on the difference between the
determined compressor sump temperature and the determined suction pressure; and
managing one or more operations of the air conditioner based at least on the determined

second temperature differential.

16.  The method of claim 9 wherein the fourth predetermined range includes values less than

a predetermined low value.
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17.  The method of claim 16 further comprising:
determining second compressor sump temperatures for each of the compressors during
operation of the crankcase heaters; and
allowing operation of each of the crankcase heaters until at least one of:
each of the second compressor sump temperatures is greater than 20 degrees
Fahrenheit;
or the difference between a first second compressor sump temperature and a

second compressor sump temperature is less than 3 degrees Fahrenheit.

18.  The method of claim 9 further comprising:

determining whether the determined suction pressure is greater than a predetermined
suction maximum pressure; and

reducing a speed of one or more evaporator fans if the determined suction pressure is
greater than the predetermined maximum pressure;

wherein the predetermined maximum pressures comprises a predetermined suction

pressure plus a variability coefficient.

19. The method of claim 18 further comprising maintaining a reduced speed for one or more

of the evaporator fans until an additional change in one or more of the operating conditions.

20.  The method of claim 18 further comprising:

determining a second suction pressure when the speed of one or more of the evaporator

fans is reduced; and

allowing one or more additional reductions in speed of one or more of the evaporator fans
if the determined second suction pressure is greater than the predetermined maximum suction

pressure.
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