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Description
FIELD
[0001] The embodiments described herein pertain

generally to systems and methods for injection and/or
capacity control of a heating, ventilation, air conditioning,
and refrigeration (HVACR) system. More specifically, the
embodiments described herein pertain to injection and/or
capacity control by modulating an expander and/or flow
control device(s) in an HVACR system.

BACKGROUND

[0002] An HVACR system typically includes a com-
pressor, a condenser, an expander, and an evaporator,
forming a refrigeration circuit. In a cooling cycle or cooling
mode, refrigerant vapor is generally compressed by the
compressor, and then condensed to liquid refrigerant in
the condenser. The liquid refrigerant can then be directed
through the expander to reduce the temperature and
become a liquid/vapor refrigerant mixture (two-phase
refrigerant mixture). The two-phase refrigerant mixture
can be directed into the evaporator to exchange heat
with, for example, air or water moving across the eva-
porator. The two-phase refrigerant mixture can be vapor-
ized to refrigerant vapor in the evaporator.

[0003] Some HVACR systems may be able to operate
in a heating cycle. These HVACR systems are typically
called heat pumps. During a heating cycle or heating
mode, the process is generally reversed from the process
in the cooling cycle. Inthe heating cycle, the evaporatorin
the cooling cycle functions as a condenser, and the
condenser functions as an evaporator. After being com-
pressed by the compressor, the compressed refrigerant
vapor is typically directed to the evaporator firstto release
heat to, forexample, the indoor air, which also condenses
the refrigerant vapor to liquid refrigerant. The liquid re-
frigerant is then typically directed to the condenser
through the expander to become a two-phase refrigerant
mixture.

SUMMARY

[0004] In some HVACR systems, such as manifold-
compressor systems with enhanced vapor injection (EVI)
technology, where two or more compressors (such as
scroll compressors, each having an injection port) are
arranged in parallel, a flow control device such as a
solenoid valve may be needed upstream of each injection
port, to e.g., open or close the vapor injection. Because
the pressure at the injection port may be oscillating, when
a solenoid valve is used, the solenoid valve may be
opened when the injection port pressure is high; and
because the frequency of oscillating may also be rela-
tively high, the solenoid valve may be damaged. That is,
the pressure pulsations in the middle of the compres-
sor(s) may cause the solenoid valve to conductin reverse
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at a very high frequency, which can damage the solenoid
valve. In some embodiments, a check valve may be
added between the solenoid valve and the injection port
to prevent or reduce the damage to the solenoid valve.
However, such a solution may not help to adjust the
heating and/or cooling capacity when there is a need
for adjusting the liquid/wet injection to control the dis-
charge temperature. In addition, due to the piping and
compressor differences, or when the distribution of the
liquid/wet injection is not desired, the compressors may
have different discharge temperatures. As a result, too
much liquid refrigerant may be injected into the compres-
sorwith alower discharge temperature. The combination
of the check valve and the solenoid valve may not be
sufficient.

[0005] Features in the embodiments disclosed herein
may provide a flow control device (e.g., a stepper-motor-
actuated electric valve or a ball valve or the like, whose
degree of opening can be continually adjustable) in the
system between the compressors and an economizer, to
open or close the injection. An expander (whose degree
of opening can be continually adjustable) may be used for
the economizer, whose outlet can be connected to the
injection ports of the compressors arranged in parallel.
When the discharge temperature of the compressor is
lower than a threshold, vapor injection can be conducted,
and the expander can be adjusted to control the refrig-
erant injection to change the heating and/or cooling
capacity to meet the load requirements. When the dis-
charge temperature is higher than the threshold, liquid/-
wet injection can be conducted, the expander can be
adjusted to control the liquid refrigerant injection to con-
trol the discharge temperature, and the flow control de-
vice can be controlled to adjust the injection and the
heating and/or cooling capacity. When a compressor
has a much lower discharge temperature than other
compressor(s), for liquid/wet injection, the flow control
device can be controlled to balance the discharge tem-
perature(s) of the compressors so that the discharge
temperature(s) can be close to a target temperature.
The expander can also be controlled to adjust the outlet
temperature of the economizer to obtain an optimum
evaporator inlet velocity and an optimum evaporating
temperature.

[0006] Features in the embodiments disclosed herein
may provide a degree-of-opening-adjustable flow control
device that can withstand reverse pressure, preventing
damage to the flow control device caused by the pressure
pulsations from the compressor injection port. By adjust-
ing the amount of injection, the heating or cooling capa-
city of the system can be controlled. When the discharge
temperature is high, the heating or cooling capacity can
be controlled by adjusting the degree of opening of the
flow control device for the compressor injection port. In
the event of discharge temperature imbalance, adjusting
the degree of opening of the flow control device for the
compressor injection port can prevent the compressor
from excessive liquid injection, which may otherwise lead
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to higher energy consumption. Adjusting the expander
for the economizer to control the inlet temperature of the
expander and the enthalpy of the expander can optimize
the flow rate at the evaporator inlet.

[0007] In an example embodiment, a heating, ventila-
tion, air conditioning, and refrigeration (HVACR) system
is provided. The HVACR system includes at least one
compressor, a heat exchanger, an expander, and a flow
control device fluidly connected; and a controller. The
flow control device is disposed downstream of the ex-
pander and the heatexchanger. The flow control device is
further disposed upstream of an injection port of the at
least one compressor. When a first operating parameter
is greater than a first threshold, the controller is config-
ured to modulate the expander to lower the first operating
parameter and to modulate the flow control device to
adjust an amount of injection into the injection port.
[0008] In another example embodiment, a method of
operating a heating, ventilation, air conditioning, and
refrigeration (HVACR) system is provided. The HVACR
system includes at least one compressor, a heat exchan-
ger, an expander, and a flow control device fluidly con-
nected; and a controller. The flow control device is dis-
posed downstream of the expander and the heat ex-
changer. The flow control device is further disposed up-
stream of an injection port of the at least one compressor.
The method includes when a first operating parameter is
greater than a first threshold, the controller modulating
the expander to lower the first operating parameter and
modulating the flow control device to adjust an amount of
injection into the injection port.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawings illustrate various
embodiments of systems, methods, and embodiments of
various other aspects of the disclosure. Any person with
ordinary skills in the art will appreciate that the illustrated
element boundaries (e.g. boxes, groups of boxes, or
other shapes) in the figures represent one example of
the boundaries. It may be that in some examples one
element may be designed as multiple elements or that
multiple elements may be designed as one element. In
some examples, an element shown as an internal com-
ponent of one element may be implemented as an ex-
ternal componentin another, and vice versa. Non-limiting
and non-exhaustive descriptions are described with re-
ference to the following drawings. The components in the
figures are not necessarily to scale, emphasis instead
being placed upon illustrating principles. In the detailed
description that follows, embodiments are described as
illustrations only since various changes and modifica-
tions may become apparentto those skilled in the art from
the following detailed description.

FIG. 1 illustrates a schematic diagram of an HVYACR
system including a refrigerant circuit, arranged in
accordance with at least some embodiments de-
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scribed herein.

FIG. 2 illustrates a schematic diagram of an HVYACR
system in the cooling mode, arranged in accordance
with at least some embodiments described herein.
FIG. 3 illustrates a schematic diagram of an HVACR
systemin the heating mode, arranged in accordance
with at least some embodiments described herein.
FIG. 4 is a flow chart illustrating an example proces-
sing flow for an injection control, arranged in accor-
dance with at least some embodiments described
herein.

FIG. 5is a flow chart illustrating an example proces-
sing flow for an injection control, arranged in accor-
dance with at least some embodiments described
herein.

FIG. 6 is a flow chart illustrating an example proces-
sing flow for an injection control, arranged in accor-
dance with at least some embodiments described
herein.

DETAILED DESCRIPTION

[0010] In the following detailed description, particular
embodiments of the present disclosure are described
herein with reference to the accompanying drawings,
which form a part of the description. In this description,
as well as in the drawings, like-referenced numbers
represent elements that may perform the same, similar,
or equivalent functions, unless context dictates other-
wise. Furthermore, unless otherwise noted, the descrip-
tion of each successive drawing may reference features
from one or more of the previous drawings to provide
clearer context and a more substantive explanation of the
current example embodiment. Still, the example embodi-
ments described in the detailed description, drawings,
and claims are notintended to be limiting. Other embodi-
ments may be utilized, and other changes may be made,
without departing from the spirit or scope of the subject
matter presented herein. It will be readily understood that
the aspects of the present disclosure, as generally de-
scribed herein and illustrated in the drawings, may be
arranged, substituted, combined, separated, and de-
signed in a wide variety of different configurations, all
of which are explicitly contemplated herein.

[0011] Itistobe understood thatthe disclosed embodi-
ments are merely examples of the disclosure, which may
be embodied in various forms. Well-known functions or
constructions are not described in detail to avoid obscur-
ing the present disclosure in unnecessary detail. There-
fore, specific structural and functional details disclosed
herein are notto be interpreted as limiting, butmerely as a
basis for the claims and as a representative basis for
teaching one skilled in the art to variously employ the
present disclosure in virtually any appropriately detailed
structure.

[0012] Additionally, the present disclosure may be de-
scribed herein in terms of functional block components
and various processing steps. It is to be understood that



5 EP 4 818 597 A1 6

such functional blocks may be realized by any number of
hardware and/or software components configured to per-
form the specified functions.

[0013] The scope of the disclosure should be deter-
mined by the appended claims and their legal equiva-
lents, rather than by the examples given herein. For
example, the steps recited in any method claims may
be executed in any order and are not limited to the order
presented in the claims. Moreover, no element is essen-
tial to the practice of the disclosure unless specifically
described herein as "critical" or "essential".

[0014] As referenced herein, "directly" upstream or
"directly" downstream means that no other components
of a fluid circuit, other than fluid lines/connections/pipes
for conveying the fluid are provided between such directly
related elements. As referenced herein, "upstream" and
"downstream" may refer to the direction of flow of the fluid
or a component thereof through the fluid circuit.

[0015] As referenced herein, a "saturated tempera-
ture" is a term of art that may refer to a temperature at
which a working fluid (e.g., a refrigerant) changes from a
liquid to a vapor. It is to be understood that saturated
temperature may be referred to as the boiling point. It is
also to be understood that the saturation temperature ofa
liquid may vary depending on the pressure. For example,
the saturation temperature of a liquid may increase as
pressure increases.

[0016] Asreferenced herein, adegree of "superheat”is
a term of art that may refer to a difference between the
refrigerant’s temperature and refrigerant's saturated
temperature at a given pressure. It is to be understood
that the degree of superheat can be the refrigerant’s
temperature minus the refrigerant’s saturated tempera-
ture at the given pressure. Itis also to be understood that
the degree of superheat typically is a positive value and is
for a vapor.

[0017] Asreferenced herein, the term "modulating” (or
"modulate”, "modulation”, and the like) is a term of art that
may refer to an action of controlling or adjusting a position
or state of a device such as a flow control device (e.g., a
valve such as a stepper-motor-actuated electric valve or
a ball valve or other valve, a damper, a pump, and the
like), an expander, and the like. Itis to be understood that
the device can be configured to control a fluid (e.g.,
working fluid) to flow through e.g., a passage (e.g., a
pipe and the like). The device can have a fully-closed
position or state at which the fluid can be prevented from
flowing through the passage via the device. The device
can also have a fully-open position or state at which the
fluid can be flowing through the passage via the device
without being blocked by the device. The device can
further have a partially-open (or partially-closed) position
or state at which the fluid can be flowing through the
passage via the device with the fluid being partially
blocked by the device. It is also to be understood that
"modulating" a device includes controlling or adjusting a
position or state of the device from a fully-open position or
state, to a partially-open or partially-closed position or
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state, and/or to a fully-closed position or state; or from a
fully-closed position or state, to a partially-closed or
partially-open position or state, and/or to a fully-open
position or state. It is further to be understood that "mod-
ulating" a device is different from simply turning on or off
(or simply open or close) the device, where "modulating”
the device may include controlling or adjusting the device
at a partially-open (or partially-closed) position or state
(e.g., 5% open or closed, 10% open or closed, 15% open
or closed, ... 95% open or closed, etc.).

[0018] FIG. 1 illustrates a schematic diagram of an
HVACR system including a refrigerant circuit 100, ar-
ranged in accordance with at least some embodiments
described herein.

[0019] In an example embodiment, the refrigerant cir-
cuit 100 caninclude a compressor 120, a condenser 140,
an expander 160, and an evaporator 180. The refrigerant
circuit 100 may also include a controller 110 configured to
communicate with and/or control the operations of the
compressor 120, the condenser 140, the expander 160,
the evaporator 180, and/or other components (e.g., flow
control device, sensor(s), or the like) of the HVACR
system.

[0020] In an example embodiment, the controller 110
may include (or be connected to) a memory such as RAM
and ROM and execute software (including, e.g., algo-
rithms) that can be stored in the RAM (particularly during
execution), the ROM (on a generally permanent basis),
or another non-transitory computer readable medium
such as other memory or disc. If necessary, the controller
110 can be connected to such memory or a disc drive to
read such software. A microprocessor or other program-
mable device with suitable memory and I/0 devices could
also be used as the controller 110. It is to be understood
that the processes and/or steps described in any of the
figures can be conducted, implemented, and/or per-
formed by one or more controllers including e.g., the
controller 110 and/or any other suitable controller, unless
otherwise specified.

[0021] In an example embodiment, the refrigerant cir-
cuit 100 can generally be applied in a variety of systems
used to control an environmental condition (e.g., tem-
perature, humidity, air quality, or the like) in a conditioned
space. The conditioned space can be a space within an
office building, a commercial building, a factory, a labora-
tory, a data center, a residential building, or the like. In an
embodiment, the refrigerant circuit 100 can be configured
to be a cooling system (e.g., an air conditioning system)
capable of operating in a cooling mode. In an embodi-
ment, the refrigerant circuit 100 can be configured to be a
heat pump that can operate in a heating/defrost mode. It
is appreciated that the refrigerant circuit 100 can be
configured to operate in a cooling mode and/or a hea-
ting/defrosting mode. In an example embodiment, an
HVACR system can include a refrigerant circuit 100 to
heat or cool a process fluid (e.g., air, water and/or glycol,
solution, or the like). A working fluid (e.g., one or more
refrigerants) can flow through the refrigerant circuit 100
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and be utilized to heat or cool the process fluid.

[0022] In an example embodiment, the compressor
120, the condenser 140, the expander 160, and the
evaporator 180 can be fluidly connected. An "expander”
as described herein may also be referred to as an ex-
pansiondevice. Inan embodiment, the expander 160 can
be an expansion valve, expansion plate, expansion ves-
sel, orifice, or the like, or other such types of expansion
mechanisms. Itis to be understood thatthe expander 160
may be any suitable type of expander used in the field for
expanding a working fluid to cause the working fluid to
decrease in pressure and temperature.

[0023] Itis to be understood that the refrigerant circuit
100 is an example and can be configured to include more
or less components. Forexample, in an embodiment, the
refrigerant circuit 100 can include other components
such as, but not limited to, an economizer heat exchan-
ger, one or more flow control devices (e.g., a valve such
as a solenoid valve, a check valve, a butterfly valve, a ball
valve, and the like; a damper, a pump; or the like.), a
lubricant separator, a receiver tank, a dryer, a suction-
liquid heat exchanger, one or more sensors (e.g., a
temperature sensor, a pressure sensor, etc.), or the like.
[0024] In an example embodiment, the refrigerant cir-
cuit 100 can operate according to generally known prin-
ciples. The refrigerant circuit 100 can be configured to
heat and/or cool a liquid process fluid. The liquid process
fluid can be a heat transfer fluid or medium (e.g., a liquid
such as, but not limited to, water or the like). The refrig-
erant circuit 100 may be generally representative of a
liquid chiller system. The refrigerant circuit 100 can alter-
natively be configured to heat and/or cool a gaseous
process fluid (e.g., a heat transfer medium or fluid
(e.g., a gas such as, but not limited to, air or the like),
in which case the refrigerant circuit 100 may be generally
representative of an air conditioner and/or heat pump.
[0025] In an example embodiment, the refrigerant cir-
cuit 100 can operate as a vapor-compression circuit such
that the compressor 120 compresses a working fluid
(e.g., a heat transfer fluid such as, but not limited to,
refrigerant, fluorine, or the like) from a relatively lower
pressure gas to a relatively higher-pressure gas. The
relatively higher-pressure gas is at a relatively higher
temperature, being discharged from the compressor
120 and flowing through the condenser 140. In accor-
dance with generally known principles, the working fluid
flows through the condenser 140 and rejects heat to the
process fluid (e.g., water, solution, air, or the like), thereby
cooling the working fluid. The cooled working fluid, which
is now in a liquid form, flows to the expander 160 that can
reduce the pressure of the working fluid. As a result, a
portion of the working fluid is converted to a gaseous
form. The working fluid, which is now in a mixed liquid and
gaseous form flows to the evaporator 180. The working
fluid flows through the evaporator 180 and absorbs heat
from the process fluid (e.g., a heat transfer medium such
as, but not limited to, water, a solution, air, fluorine, or the
like, etc.), heating the working fluid, and converting itto a
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gaseous form. The gaseous working fluid then returns to
the compressor 120. The above-described process con-
tinues while the heat transfer circuit is operating, for
example, in a cooling mode (e.g., while the compressor
120 is enabled).

[0026] In an example embodiment, the compressor
120 can compress the working fluid. Lubricant can be
supplied to the compressor to provide lubrication for its
moving parts. A lubricant may include one or more types
of lubricants. For example, a lubricant can be, but is not
limited to, polyolester oils, oil blends, or the like. The
lubricant can be discharged from the compressor with
the working fluid. Thus, the working fluid discharged from
the compressor may contain lubricant. In some refriger-
ant circuits, the lubricant can also be separated from the
working fluid and the separated lubricant can be circu-
lated back to the compressor. In other refrigerant circuits,
the lubricant can be circulated with the working fluid and
can then be supplied through a suction inlet of the com-
pressor as part of the working fluid. In an example em-
bodiment, the working fluid may also include one or more
additional components other than lubricant(s) and/or re-
frigerant(s).

[0027] FIG. 2 illustrates a schematic diagram of an
HVACR system 200 in the cooling mode, arranged in
accordance with at least some embodiments described
herein. FIG. 3 illustrates a schematic diagram of the
HVACR system 200 in the heating mode, arranged in
accordance with at least some embodiments described
herein. It is to be understood that the system 200 can
include the refrigerant circuit 100 of FIG. 1. ltis also to be
understood that the direction of the arrows in FIG. 2
indicates the direction of the working fluid flow in a cooling
mode, and the direction of the arrows in FIG. 3 indicates
the direction of the working fluid flow in a heating mode.
[0028] As shown in FIGS. 2 and 3, the system 200
includes at least one compressor 10, a heat exchanger
20, a heat exchanger 30, a first expander 41, a second
expander 42, and a flow control device 50. In an example
embodiment, the heat exchanger 30 can be a coil. The
flow control device 50 can be a four-way valve. The (at
least one) compressor 10 can include one, two, three, or
more compressors. The firstexpander 41 and the second
expander 42 can be combined as one expander and
additional corresponding flow control devices (e.g.,
check valves) can be disposed at the locations of the
first expander 41 and the second expander 42, respec-
tively.

[0029] Inanexample embodiment, the compressor 10
can compress low-pressure and low-temperature refrig-
erant gas into high-pressure and high-temperature re-
frigerant gas. The heat exchanger 20 and the heat ex-
changer 30 can serve as evaporator or condenser. The
evaporator can absorb heat and evaporate the refriger-
ant liquid into refrigerant gas, and the condenser can
dissipate heat and condense the refrigerant gas into
refrigerant liquid. The expander (41, 42) can throttle
the high-pressure refrigerant liquid to a low-pressure
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state. The flow control device 50 can be used to switch the
system 200 in different modes (e.g., a cooling mode, a
heating mode, etc.).

[0030] Inanexample embodiment, the compressor 10
can have an outlet end 12 (e.g., a discharge pipe or end
connecting to the discharge port of the compressor 10),
aninletend 11 (e.g., a suction and/or lubricant pipe orend
connecting to the suction and/or lubricant port of the
compressor 10), and an injection end 89 (e.g., an injec-
tion pipe or end connecting to the injection port of the
compressor 10). The compressor(s) 10 can be arranged
in parallel (e.g., the discharge pipes or ends 12 can be
merged into a common discharge pipe and the suction
and/orlubricant pipes orends 11 can be separated froma
common suction and/or lubricant pipe).

[0031] Inanexample embodiment,the compressor 10,
the heat exchanger 20, and the heat exchanger 30 can all
be connected to the flow control device 50. The flow
control device 50 can be used to selectively communi-
cate the heat exchanger 30 or the heat exchanger 20 with
the outlet end 12 or the inlet end 11. The communication
between the heat exchanger 20 and the heat exchanger
30 can be through the expander (41, 42).

[0032] Inanexample embodiment,the heatexchanger
20 can have a liquid phase end 21 and a gas phase end
22. The liquid phase end 21 can be connected to the
expander 41, and the gas phase end 22 can be con-
nected to the compressor 10 through the flow control
device 50. The heat exchanger 30 can have a distribution
end 31 and arefluxend 32. The distribution end 31 can be
connected to the expander 42, and the reflux end 32 can
be connected to the compressor 10 through the flow
control device 50.

[0033] Inanexample embodiment, the system 200 can
work in a cooling mode and/or a heating mode. As shown
in FIG. 3, in the heating mode, the flow control device 50
can communicate the outlet end 12 with the heat ex-
changer 20 and communicates the inlet end 11 with the
heat exchanger 30. The heat exchanger 20 serves as the
condenser, and the heat exchanger 30 serves as the
evaporator. The refrigerant in the system 200 can enter
the heat exchanger 20 from the outlet end 12 of the
compressor 10 through the flow control device 50, con-
dense into refrigerant liquid in the heat exchanger 20,
pass the optional heat exchanger 85 and enter the ex-
pander42, and then enter the heatexchanger 30 from the
expander 42. After evaporating into refrigerant gas in the
heat exchanger 30, the refrigerant can return to the inlet
end 11 of the compressor 10 through the flow control
device 50.

[0034] AsshowninFIG.2,inthe cooling mode, the flow
control device 50 can communicate the outletend 12 with
the heat exchanger 30 and communicates the inlet end
11 with the heat exchanger 20. The heat exchanger 20
serves as the evaporator, and the heat exchanger 30
serves as the condenser. The refrigerant in the system
200 can enter the heat exchanger 30 from the outlet end
12 of the compressor 10 through the flow control device
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50, condense into refrigerant liquid in the heat exchanger
30, enter the expander 41, and then enter the heat
exchanger 20 from the expander 41. After evaporating
into refrigerant gas in the heat exchanger 20, the refrig-
erant can return to the inlet end 11 of the compressor 10
through the flow control device 50.

[0035] In an example embodiment, the refrigerant in
the system 200 can flow through the first expander 41 in
the cooling mode and through the second expander 42 in
the heating mode. This can ensure that the refrigerant
has a suitable expansion process and pressure control in
different modes, thereby improving the efficiency and
heat exchange capacity of the system 200.

[0036] Inanexample embodiment, the system 200 can
further optionally include a first check valve 91 and a
second check valve 92 to prevent refrigerant backflow in
differentmodes and ensure the correctness of refrigerant
flow direction. The first check valve 91 can be provided
between the liquid phase end 21 of the heat exchanger 20
and the first expander 41, and the second check valve 92
can be provided between the distribution end 31 of the
heat exchanger 30 and the second expander 42.
[0037] Inanexample embodiment,the system 200 can
further optionally include a filter dryer 93 disposed be-
tween the heat exchanger 20 and the heat exchanger 30,
which can effectively filter impurities in the refrigerant,
prevent moisture accumulation, improve refrigerant flow
efficiency, protect key components in the system 200,
and extend the service life of the system 200. Specifically,
the filter dryer 93 can be connected between the first
check valve 91 and the first expander 41 in the cooling
mode, and can be connected between the second check
valve 92 and the second expander 42 in the heating
mode.

[0038] Inanexample embodiment, the system 200 can
further optionally include a heat exchanger 85 disposed
downstream of the filter dryer 93. The heat exchanger 85
can be an economizer. A temperature sensor 86 can be
disposed at or near or downstream of the outlet of the
economizer 85. In an example embodiment, the heat
exchanger 85 can be a brazed plate heat exchanger. A
first flow of working fluid (e.g., refrigerant) can flow
through the heat exchanger 85 to exchange heat with
a second flow of working fluid. The first flow of working
fluid passed through the heat exchanger 85 can be split
into a second flow of working fluid passing through the
heat exchanger 85 via the optional expander 87 to ex-
change heat with the first flow of working fluid, and into a
third flow of working fluid flowing towards the expander 41
in the cooling mode (or towards the expander 42 in the
heating mode of FIG. 3). It is to be understood that the
system 200 can further include a receiver (not shown)
between the expander 41 and the heat exchanger 20.
The expander 87 can be modulated (e.g., by the con-
troller 110 of FIG. 1) to control the second flow of working
fluid passing through the heat exchanger 85.

[0039] In an example embodiment, the outlet (down-
stream of the expander 87) of the heat exchanger 85 can
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connect to an optional distributor 81 (e.g., a Y-shape pipe
or connector or the like, etc.). It is to be understood that
the number of outlets of the distributor 81 can be based on
the number of the compressors 10 in the system. The
outlet(s) of the distributor 81 can connect to the optional
flow control device(s) 83. Each of the flow control de-
vice(s) 83 can connect to an injection port of each com-
pressor 10 via the injection end or pipe 89.The flow
control device(s) 83 can be modulated (e.g., by the con-
troller 110 of FIG. 1) to control the vapor and/or liquid/wet
injection flowing through the injection ends or pipe(s) 89
into the injection port(s) of the compressor(s) 10. The flow
control device 83 can be a stepper-motor-actuated elec-
tric valve, a ball valve, or the like.

[0040] In an example embodiment, in the cooling
mode, one flow path of the working fluid in the system
200 can be "compressor 10-heat exchanger 30-second
check valve 92-filter dryer 93-heat exchanger 85-first
expander 41-heat exchanger 20-compressor 10". In
the heating mode (of FIG. 3), one flow path of the working
fluid in the system 200 can be "compressor 10-heat
exchanger 20-first check valve 91-filter dryer 93-heat
exchanger 85-second expander 42-heat exchanger
30-compressor 10". The injection flow path of the working
fluid can be "filter dryer 93- expander 87-heat exchanger
85-distributor 81-flow control device 83-compressor 10".
[0041] FIG. 4 is a flow chart illustrating an example
processing flow 400 for an injection control, arranged in
accordance with at least some embodiments described
herein.

[0042] Itis to be understood that the processing flow
400 disclosed herein can be conducted by one or more
controllers including e.g., the controller 110 of FIG. 1
and/or any other suitable controller, unless otherwise
specified.

[0043] It is also to be understood that the processing
flow 400 can include one or more operations, actions, or
functions asiillustrated by one or more of blocks 410, 420,
430, 440, and 450. These various operations, functions,
or actions may, for example, correspond to software,
program code, or program instructions executable by a
processor (e.g., a controller) that causes the functions to
be performed. Although illustrated as discrete blocks,
obvious modifications may be made, e.g., two or more
of the blocks may be re-ordered; further blocks may be
added; and various blocks may be divided into additional
blocks, combined into fewer blocks, or eliminated, de-
pending on the desired implementation. Itis to be under-
stood that before the processing flow 400, operations
including initializations or the like may be performed. For
example, system parameters may be initialized. Itis to be
understood that the processes, operations, or actions
described in FIGS. 1-3 may be implemented or per-
formed by the controller. Processing flow 400 may begin
at block 410.

[0044] At block 410 (Initialize), the controller may be
configured to e.g., start the HVACR system and initialize
the components (e.g., sensors such as temperature
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sensors, pressure sensors, etc.) of the system. Proces-
sing may proceed from block 410 to block 420.

[0045] At block 420 (Determine First Parameter), the
controller may be configured to determine a load require-
ment e.g., based on the demand (e.g., a setpoint, etc.).
The controller may also be configured to determine the
minimum number of compressors (e.g., compressor 120
of FIG. 1, compressor 10 of FIGS. 2 and 3) required to be
run and/or to turn on and/or off one or more compressors
based on the load requirement. The controller may
further be configured to determine a first operating para-
meter (e.g., a discharge temperature of the compressor)
based on e.g., a measurement from the temperature
sensor disposed at or near or downstream of the dis-
charge port of the compressor. Processing may proceed
from block 420 to block 430.

[0046] At block 430 (Exceed Threshold?), the control-
ler may be configured to determine whether the first
parameter determined at block 420 exceeds a threshold.
When the first parameter exceeds the threshold (e.g., the
discharge temperature is higher than a desired limit),
processing may proceed from block 430 to block 440.
When the first parameter does not exceed the threshold
(e.g., the discharge temperature is not higher than the
limit), processing may proceed from block 430 to block
450.

[0047] At block 440 (Modulate Valve and Expander),
the controller may be configured to modulate a degree of
opening of the expander (e.g., the expander 87 of FIGS. 2
and 3), to lower the first parameter towards or to reach the
threshold (e.g., the discharge temperature limit), The
controller may also be configured to modulate (e.g.,
decrease) a degree of opening of the flow control device
(e.g., the flow control device 83 of FIGS. 2 and 3), to
adjust the capacity of the system (e.g., to adjust a leaving
water temperature or the like) e.g., based on the load
requirement. Processing may proceed from block 440
back to block 420.

[0048] It is to be understood that when the discharge
temperature exceeds the desired limit, wet/liquid injec-
tion may be performed. The expander 87 can be modu-
lated to adjust or lower the discharge temperature to or
towards the desired limit, and the flow control device 83
can be modulated (e.g., partially opened/closed and the
degree of opening can be decreased) to control the
amount of injection and/or to adjust the capacity. For
example, when the leaving water temperature exceeds
a target, the energy or capacity demand can be deter-
mined based on the water temperature feedback, and the
flow control device 83 can be modulated accordingly. Itis
also to be understood that modulating the flow control
device 83 can achieve an overlapping capacity that ex-
ceeds the capacity of a single compressor.

[0049] ltis further to be understood that in the embodi-
ments disclosed herein, when modulating the flow control
device 83, increased back pressure may raise the pres-
sure inside the economizer 85, reducing the temperature
difference for heat exchange of the two-phase refriger-
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ant, thereby decreasing the heat exchange amount. This
may adjust the enthalpy and liquid amount of the refrig-
erant entering the compressor injection port, thus low-
ering the discharge temperature. When the discharge
temperature decreases, the modulation of the expander
87 can be triggered. The frequency of modulating the flow
control device 83 can be e.g., an iteration of the proces-
sing flow 400 (e.g., a water temperature cycle), while the
frequency of modulating the expander 87 can be in real-
time (e.g., based on the discharge temperature).
[0050] Atblock 450 (Modulate Expander), the control-
ler may be configured to modulate a degree of opening of
the expander 87 to adjust the capacity of the system (e.g.,
to adjust a leaving water temperature or the like) e.g.,
based on the load requirement. Processing may proceed
from block 450 back to block 420.

[0051] Itis to be understood that when the discharge
temperature is below a control target, vapor injection may
be performed. Energy or capacity regulation can be
achieved through the expander 87 to modulate the
amount of working fluid injected to the compressor 10.
For example, the heating capacity of the system can be
increased when the expander 87 is modulated as ON
compared with the condition when the expander 87 is
modulated as OFF, and such increase may be more
significant when the ambient temperature is lower. By
modulating the expander 87, stable cooling capacity
and/or heating capacity can be achieved, resulting in a
smooth temperature transition. Staged control or mod-
ulation of the expander 87 may allow for superheat or
injection adjustments during dynamic processes.
[0052] FIG. 5 is a flow chart illustrating an example
processing flow 500 for an injection control, arranged in
accordance with at least some embodiments described
herein.

[0053] Itis to be understood that the processing flow
500 disclosed herein can be conducted by one or more
controllers including e.g., the controller 110 of FIG. 1
and/or any other suitable controller, unless otherwise
specified.

[0054] It is also to be understood that the processing
flow 500 can include one or more operations, actions, or
functions asiillustrated by one or more of blocks 510, 520,
530, 540, and 550. These various operations, functions,
or actions may, for example, correspond to software,
program code, or program instructions executable by a
processor (e.g., a controller) that causes the functions to
be performed. Although illustrated as discrete blocks,
obvious modifications may be made, e.g., two or more
of the blocks may be re-ordered; further blocks may be
added; and various blocks may be divided into additional
blocks, combined into fewer blocks, or eliminated, de-
pending on the desired implementation. It is to be under-
stood that before the processing flow 500, operations
including initializations or the like may be performed. For
example, system parameters may be initialized. Itis to be
understood that the processes, operations, or actions
described in FIGS. 1-3 may be implemented or per-
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formed by the controller. Processing flow 500 may begin
at block 510.

[0055] At block 510 (Initialize), the controller may be
configured to e.g., start the HVACR system and initialize
the components (e.g., sensors such as temperature
sensors, pressure sensors, etc.) of the system. Proces-
sing may proceed from block 510 to block 520.

[0056] At block 520 (Determine Second Parameter),
for each running compressor, the controller may be con-
figured to determine an operating parameter (e.g., a
discharge temperature of the compressor) based on
e.g., a measurement from the temperature sensor dis-
posed at or near or downstream of the discharge port of
the compressor. For each running compressor, the con-
troller may also be configured to determine a pressure
ratio (e.g., aratio of the discharge pressure to the suction
pressure). When the pressure ratio does not exceed a
threshold, no modulation of the flow control device 83
may be performed until the next iteration of the proces-
sing flow 500. When the pressure ratio exceeds the ratio
threshold, the controller may further be configured to
determine a second operating parameter (e.g., the lar-
gest difference between the first operating parameters
(e.g., the discharge temperatures or the like) of any pair of
running compressors, or the largest difference among
the first operating parameters of all running compres-
sors). Processing may proceed from block 520 to block
530.

[0057] At block 530 (Exceed Threshold?), the control-
ler may be configured to determine whether the second
parameter determined at block 520 exceeds a threshold.
When the second parameter exceeds the difference
threshold, processing may proceed from block 530 to
block 540. When the second parameter does not exceed
the difference threshold, processing may proceed from
block 530 to block 550.

[0058] At block 540 (Modulate Valve), the controller
may be configured to modulate (e.g., decrease) a degree
of opening of the flow control device (e.g., the flow control
device 83 of FIGS. 2 and 3), to adjust the first operating
parameter (e.g., the discharge temperature ) of the run-
ning compressor having a lower first parameter, to lower
the second parameter towards the difference threshold.
Processing may proceed from block 540 back to block
520.

[0059] Atblock 550 (Take No Action), no modulation of
the flow control device 83 may be performed until the next
iteration of the processing flow 500. Processing may
proceed from block 550 back to block 520.

[0060] Itis to be understood that running compressors
arranged in parallel may exhibit some differences in
discharge temperatures due to e.g., the design of the
suction piping, individual compressor variations, and/or
uneven distribution of the working fluid injection. For
example, working fluid in the injection pipe tends to enter
the upstream compressor first, resulting in lower dis-
charge temperatures for those compressors. If working
fluid at the economizer 85 outletis unevenly distributed, it
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may cause significant discharge temperature differ-
ences. Controlling high discharge temperatures (e.g.,
discharge temperatures higher than a first threshold)
but not the low ones (e.g., discharge temperatures lower
than a second threshold which is lower than the first
threshold) may lead to excessive working fluid injection
into compressors with lower discharge temperatures,
reducing energy efficiency and necessitating adjust-
ments. Features in the embodiments disclosed herein
may modulate (e.g., decrease the degree of opening) the
flow control device 83 (e.g., of the compressor having a
lower discharge temperature) when the discharge tem-
perature difference of any running compressor-pair ex-
ceeds a threshold.

[0061] FIG. 6 is a flow chart illustrating an example
processing flow 600 for an injection control, arranged in
accordance with at least some embodiments described
herein.

[0062] Itis to be understood that the processing flow
600 disclosed herein can be conducted by one or more
controllers including e.g., the controller 110 of FIG. 1
and/or any other suitable controller, unless otherwise
specified.

[0063] It is also to be understood that the processing
flow 600 can include one or more operations, actions, or
functions asiillustrated by one or more of blocks 610, 620,
630, 640, and 650. These various operations, functions,
or actions may, for example, correspond to software,
program code, or program instructions executable by a
processor (e.g., a controller) that causes the functions to
be performed. Although illustrated as discrete blocks,
obvious modifications may be made, e.g., two or more
of the blocks may be re-ordered; further blocks may be
added; and various blocks may be divided into additional
blocks, combined into fewer blocks, or eliminated, de-
pending on the desired implementation. Itis to be under-
stood that before the processing flow 600, operations
including initializations or the like may be performed. For
example, system parameters may be initialized. Itis to be
understood that the processes, operations, or actions
described in FIGS. 1-3 may be implemented or per-
formed by the controller. Processing flow 600 may begin
at block 610.

[0064] At block 610 (Initialize), the controller may be
configured to e.g., start the HVACR system and initialize
the components (e.g., sensors such as temperature
sensors, pressure sensors, etc.) of the system. Proces-
sing may proceed from block 610 to block 620.

[0065] At block 620 (Determine Third Parameter), the
controller may be configured to determine some operat-
ing parameters (e.g., a suction temperature of the com-
pressor, a suction pressure of the compressor, a tem-
perature at or near or downstream of the outlet of the
expander 87 or of the economizer 85, etc.) based one.g.,
measurements from the sensors. The controller may also
be configured to determine a third operating parameter
(e.g., a velocity such as a velocity of working fluid at or
near the inlet of the evaporator, at or near the inlet of the
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coil, at or near or upstream of a distributor of the coil, etc.)
based on a mass flow, which can be determined based on
the determined operating parameters. Processing may
proceed from block 620 to block 630.

[0066] Atblock 630 (Outof Range?), the controller may
be configured to determine whether the third parameter
determined at block 620 is out of a range (e.g., below a
minimum threshold or above a maximum threshold).
When the third parameter is out of the range, processing
may proceed from block 630 to block 640. When the third
parameter is not out of the range (e.g., within the range),
processing may proceed from block 630 to block 650.
[0067] Atblock 640 (Modulate Expanderand/or Valve),
the controller may be configured to modulate a degree of
opening of the expander 87 and/or a degree of opening of
the flow control device 83, to adjust the third parameter
toward the range. In an example embodiment, when the
third parameter is below the minimum threshold and the
first parameter (e.g., a discharge temperature) does not
exceed the desired limit, the controller may be configured
to modulate (e.g., decrease) a degree of opening of the
expander 87, to adjust the third parameter toward the
range. When the third parameter is below the minimum
threshold and the first parameter exceeds the desire limit,
the controller may be configured to modulate (e.g., de-
crease) a degree of opening of the flow control device 83,
to adjust the third parameter toward the range.

[0068] In an example embodiment, when the third
parameter is above the maximum threshold and the first
parameter (e.g., a discharge temperature) does not ex-
ceed the desired limit, the controller may be configured to
determine an operating parameter such as a superheat
of the expander 87. When the superheat exceeds a
threshold, the controller may be configured to e.g., adjust
(e.g., increase) a setpoint of the superheat. When the
superheat does not exceed the superheat threshold, no
modulation of the flow control device 83 and/or the ex-
pander 87 may be performed until the next iteration of the
processing flow 600. When the third parameter is above
the maximum threshold and the first parameter exceeds
the desire limit, the controller may be configured to mod-
ulate (e.g., decrease) a degree of opening of the flow
control device 83, to adjust the third parameter toward the
range. Processing may proceed from block 640 back to
block 620.

[0069] Atblock 650 (Take No Action), no modulation of
the flow control device 83 and/or the expander 87 may be
performed until the next iteration of the processing flow
600. Processing may proceed from block 650 back to
block 620.

[0070] Itis to be understood that a desired or optimal
working fluid velocity (e.g., a velocity of working fluid at or
near the inlet of the evaporator, at or near the inlet of the
coil, at or near or upstream of a distributor of the coil, at or
near an outlet of the expander or of the economizer, etc.)
may be needed for the optimized working fluid distribu-
tion at the evaporator inlet. The modulation of the ex-
pander 87 can change the temperature at the economi-
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zer outlet, control the dryness and flow rate of the working
fluid at the expander (41 or 42) outlet, and thereby control
the velocity at the evaporator inlet, achieving an optimal
evaporating temperature. A temperature sensor 86 can
be disposed at or near or downstream of the outlet of the
economizer, and the velocity at the economizer can be
determined based on a measurement of such tempera-
ture sensor 86, the suction pressure, and the suction
temperature. By adjusting the measurement of such
temperature sensor 86 (e.g., by modulating the flow
control device 83 and/or the expander 87), the velocity
can be brought into the optimal range, avoiding non-
desired working fluid distribution. It is also to be under-
stood that when such temperature sensor 86 is not
available, the degree of opening of the expander 87
can be modulated based on e.g., a change or changes
in a suction superheat.

[0071] Features in the embodiments disclosed herein
may provide a system with the enhanced vapor injection
technology and with compressors arranged in parallel to
maximize the system’s operating map and energy effi-
ciency. It to be understood that the system can adjust the
number of compressors being switched on or off to
regulate or adjust the (heating and/or cooling) capacity
and can regulate energy or capacity by adjusting the
amount of vapor and/or liquid/wet injection. In the cooling
mode, the temperature and enthalpy entering the expan-
der can be adjusted to achieve various enthalpy differ-
ences and cooling capacities at similar working fluid flow
rates. In the heating mode, adjusting the amount of
injection can result in different working fluid flow rates
through the condenser, achieving different working fluid
flow rates and heating capacities under similar enthalpy
differences. However, when the pressure differences
(between the discharge pressure and the suction pres-
sure)is higher than a threshold, where wet steam or liquid
needs to be injected, energy or capacity regulation may
not be achieved by partially closing the expander be-
cause partially closing the expander may cause the in-
jection to become superheated, leading to an increase in
injection temperature and resulting in the compressor
discharge temperature exceeding its limit. In such cases,
using an on-off valve may not effectively regulate energy
or capacity. Featuresinthe embodiments disclosed here-
in may provide a solution to effectively regulate the en-
ergy and/or capacity.

[0072] Itis to be understood that when the discharge
temperature is higher than a threshold, if the compressor
injects enthalpy, the load can become too large, which
may lead to compressor bearing overload. In addition,
due to the inconsistencies in discharge temperatures
between compressors or issues with the distribution of
wet steam for injection, some compressors may have
lower discharge temperatures than others. Controlling
high discharge temperatures (e.g., discharge tempera-
tures higher than a first threshold) but not the low ones
(e.g., discharge temperatures lower than a second
threshold which is lower than the first threshold) may
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resultin compressors with lower discharge temperatures
injecting excessive amounts of liquid refrigerant, which
may not be resolved by using check valves or on-off
valves. Features in the embodiments disclosed herein
may provide a degree-of-opening-adjustable flow control
device (e.g., a stepper-motor-actuated electric valve ora
ball valve or the like) with corresponding control methods
to (i) withstand reverse pressure, preventing valve da-
mage caused by pressure pulsations, (ii) control the
cooling capacity or heating capacity by adjusting the
amount of injection and to control the precision of the
leaving water temperature, (iii) control the cooling capa-
city or heating capacity by adjusting the degree of open-
ing of the compressor injection valve when the discharge
temperatures is higher than a threshold, (iv) to adjust flow
control device to provide minimal injection and to avoid
excessively high discharge temperatures when the com-
pressor bearing load is too high, (v) adjust the degree of
opening of the compressor injection valve to prevent
excessive wet/liquid injection into the compressor, which
may otherwise lead to higher energy consumption, when
there is discharge temperature imbalance, and (vi) adjust
the expander to control its inlet temperature and enthalpy
to optimize the flow rate at the evaporator inlet, avoiding
uneven frosting and ensuring effective heating.

ASPECTS:

[0073] Itis to be understood that any one of aspects
can be combined with each other.

[0074] Aspect 1. A heating, ventilation, air condition-
ing, and refrigeration (HVACR) system, comprising: at
least one compressor, a heat exchanger, an expander,
and a flow control device fluidly connected; and a con-
troller, wherein the flow control device is disposed down-
stream of the expander and the heat exchanger, the flow
control device is further disposed upstream of an injec-
tion port of the at least one compressor, when a first
operating parameter is greater than a first threshold,
the controller is configured to modulate the expander
to lower the first operating parameter and to modulate
the flow control device to adjust an amount of injection
into the injection port.

[0075] Aspect 2. The HVACR system of aspect 1,
wherein the flow control device is a stepper-motor-actu-
ated electric valve.

[0076] Aspect 3. The HVACR system of aspect 1 or
aspect 2, wherein the heat exchanger is an economizer,
the expander is configured to adjust a working fluid
flowing into the economizer.

[0077] Aspect 4. The HVACR system of any one of
aspects 1-3, wherein the first operating parameter is a
discharge temperature.

[0078] Aspect 5. The HVACR system of any one of
aspects 1-4, wherein when the first operating parameter
is not greater than the first threshold, the controller is
further configured to modulate the expander to adjust an
operating capacity.
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[0079] Aspect 6. The HVACR system of aspect 5,
wherein the operating capacity includes a leaving water
temperature.

[0080] Aspect 7. The HVACR system of any one of
aspects 1-6, wherein the at least one compressor in-
cludes two or more compressors, when a difference
among first operating parameters of the two or more
compressors is greater than a second threshold, the
controller is further configured to modulate the flow con-
trol device to lower the difference.

[0081] Aspect 8. The HVACR system of any one of
aspects 1-7, wherein the controller is further configured
to determine a velocity of a working fluid, when the
velocity is outside of a predetermined range, the con-
troller is further configured to modulate the expander to
adjust the velocity.

[0082] Aspect 9. The HVACR system of aspect 8,
further comprising: a temperature sensor disposed at
or around an outlet of the heat exchanger, wherein the
controller is configured to determine the velocity based
on a suction temperature, a suction pressure, and a
measurement from the temperature sensor.

[0083] Aspect 10. The HVACR system of aspect 8,
wherein the controller is configured to modulate the ex-
pander to adjust the velocity based on a change in a
suction superheat.

[0084] Aspect 11. A method of operating a heating,
ventilation, air conditioning, and refrigeration (HVACR)
system, the HVACR system including at least one com-
pressor, a heat exchanger, an expander, and a flow
control device fluidly connected; and a controller, wherein
the flow control device is disposed downstream of the
expander and the heat exchanger, the flow control device
is further disposed upstream of an injection port of the at
least one compressor, the method comprising: when a
first operating parameter is greater than a first threshold,
the controller modulating the expander to lower the first
operating parameter and modulating the flow control
device to adjust an amount of injection into the injection
port.

[0085] Aspect 12. The method of aspect 11, wherein
the flow control device is a stepper-motor-actuated elec-
tric valve.

[0086] Aspect 13. The method of aspect 11 or aspect
12, wherein the heat exchanger is an economizer, the
expander is configured to adjust a working fluid flowing
into the economizer.

[0087] Aspect 14. The method of any one of aspects
11-13, wherein the first operating parameter is a dis-
charge temperature.

[0088] Aspect 15. The method of any one of aspects
11-14, further comprising: when the first operating para-
meter is not greater than the first threshold, the controller
further modulating the expander to adjust an operating
capacity.

[0089] Aspect 16. The method of aspect 15, wherein
the operating capacity includes a leaving water tempera-
ture.
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[0090] Aspect 17. The method of any one of aspects
11-16, wherein the at least one compressor includes two
or more compressors, the method further comprising:
when a difference among first operating parameters of
the two or more compressors is greater than a second
threshold, the controller further modulating the flow con-
trol device to lower the difference.

[0091] Aspect 18. The method of any one of aspects
11-17, further comprising: the controller further determin-
ing a velocity of a working fluid, and when the velocity is
outside of a predetermined range, the controller further
modulating the expander to adjust the velocity.

[0092] Aspect 19. The method of aspect 18, further
comprising: the controller determining the velocity based
on a suction temperature, a suction pressure, and a
measurement from a temperature sensor, wherein the
temperature sensor is disposed at or around an outlet of
the heat exchanger.

[0093] Aspect 20. The method of aspect 18, further
comprising: the controller modulating the expander to
adjust the velocity based on a change in a suction super-
heat.

[0094] The terminology used in this specification is
intended to describe particular embodiments and is not
intended to be limiting. The terms "a," "an," and "the"
include the plural forms as well, unless clearly indicated
otherwise. The terms "comprises" and/or "comprising,"
when used in this specification, specify the presence of
the stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the pre-
sence or addition of one or more other features, integers,
steps, operations, elements, and/or components.
[0095] With regard to the preceding description, itis to
be understood that changes may be made in detall,
especially in matters of the construction materials em-
ployed and the shape, size, and arrangement of parts
without departing from the scope of the present disclo-
sure. This specification and the embodiments described
are exemplary only, with the true scope and spirit of the
disclosure being indicated by the claims that follow.

Claims

1. Aheating, ventilation, air conditioning, and refrigera-
tion (HVACR) system, comprising:

at least one compressor, a heat exchanger, an
expander, and a flow control device fluidly con-
nected; and

a controller,

wherein the flow control device is disposed
downstream of the expander and the heat ex-
changer, the flow control device is further dis-
posed upstream of an injection port of the at
least one compressor,

when a first operating parameter is greater than
a first threshold, the controller is configured to
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modulate the expander to lower the first operat-
ing parameter and to modulate the flow control
device to adjust an amount of injection into the
injection port.

The HVACR system of claim 1, wherein the flow
control device is a stepper-motor-actuated electric
valve.

The HVACR system of claim 1 or claim 2, wherein the
heat exchanger is an economizer, the expander is
configured to adjust a working fluid flowing into the
economizer.

The HVACR system of any one of claims 1-3, where-
in the first operating parameter is a discharge tem-
perature.

The HVACR system of any one of claims 1-4, where-
in when the first operating parameter is not greater
than the first threshold, the controller is further con-
figured to modulate the expander to adjust an oper-
ating capacity.

The HVACR system of claim 5, wherein the operating
capacity includes a leaving water temperature.

The HVACR system of any one of claim 1-6, wherein
the at least one compressor includes two or more
compressors,

when a difference among first operating parameters
of the two or more compressors is greater than a
second threshold, the controller is further configured
to modulate the flow control device to lower the
difference.

The HVACR system of any one of claims 1-7, where-
in the controller is further configured to determine a
velocity of a working fluid,

when the velocity is outside of a predetermined
range, the controller is further configured to modu-
late the expander to adjust the velocity.

The HVACR system of claim 8, further comprising:

a temperature sensor disposed at or around an
outlet of the heat exchanger,

wherein the controller is configured to determine
the velocity based on a suction temperature, a
suction pressure, and a measurement from the
temperature sensor.

The HVACR system of claim 8 or claim 9, wherein the
controller is configured to modulate the expander to
adjust the velocity based on a change in a suction
superheat.

A method of operating the HVACR system of any one
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12.

13.

14.

15.

22

of claims 1-10, the method comprising:

when a first operating parameter is greater than a
first threshold, the controller modulating the expan-
der to lower the first operating parameter and mod-
ulating the flow control device to adjust an amount of
injection into the injection port.

The method of claim 11, further comprising:

when the first operating parameter is not greater than
the first threshold, the controller further modulating
the expander to adjust an operating capacity.

The method of claim 11 or claim 12, wherein the at
least one compressor includes two or more com-
pressors, the method further comprising:

when a difference among first operating parameters
of the two or more compressors is greater than a
second threshold, the controller further modulating
the flow control device to lower the difference.

The method of any one of claims 11-13, further
comprising:

the controller further determining a velocity of a
working fluid, and

when the velocity is outside of a predetermined
range, the controller further modulating the ex-
pander to adjust the velocity.

The method of claim 14, further comprising:

the controller determining the velocity based on
asuction temperature, a suction pressure, and a
measurement from a temperature sensor,
wherein the temperature sensor is disposed at
or around an outlet of the heat exchanger; or
the controller modulating the expander to adjust
the velocity based on a change in a suction
superheat.
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