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Description

BACKGROUND

[0001] The present disclosure relates generally to a refrigeration system. Specifically, the present disclosure relates
to a refrigeration system that includes a free cooling system and a mechanical cooling system.
[0002] Refrigeration systems are used in a variety of settings and for many purposes. For example, refrigeration
systems may include a free cooling system and a mechanical cooling system. In some cases, the free cooling system
may include a liquid-to-air heat exchanger, which is used throughout industry and in many heating, ventilating, and air
conditioning applications. The latter applications include residential, commercial, and industrial air conditioning systems.
Additionally, the mechanical cooling system may be a vapor-compression refrigeration cycle, which may include a
condenser, an evaporator, a compressor, and/or an expansion device. In the evaporator, liquid or primarily liquid refrig-
erant is evaporated by drawing thermal energy from an air flow stream and/or a cooling fluid (e.g., water), which may
also flow through the liquid-to-air heat exchanger of the free cooling system. In the condenser, the refrigerant is de-
superheated, condensed, and sub-cooled. In some cases, refrigeration systems may adjust a speed of a fan of the
liquid-to-air heat exchanger and/or a speed of a compressor in the mechanical cooling system to meet a desired cooling
demand.
[0003] US9179574 discloses a refrigeration system for a container-type data centre comprising a vapour compression
system and a free cooling system. The vapour compression system is operated when the ambient temperature exceeds
a predefined threshold temperature.
[0004] US2012/0125023 discloses a refrigeration system including vapour compression system having a variable
speed compressor and a free cooling system having a variable speed fan.

FIG. 1 is perspective view of an exemplary commercial or industrial environment that employs a refrigeration system,
in accordance with an aspect of the present invention;

FIG. 2 is a perspective view of the refrigeration system of FIG. 1 that may include both a free cooling system and
a mechanical cooling system to enhance efficiency of the refrigeration system, in accordance with an aspect of the
present invention;

FIG. 3 is a block diagram of an embodiment of a refrigeration system, in accordance with an aspect of the present
invention;

FIG. 4 is a block diagram of an embodiment of a refrigeration system that includes an additional mechanical cooling
system, in accordance with an aspect of the present invention;

FIG. 5 is a block diagram of a refrigeration system that includes an economizer, a filter, and additional valves, in
accordance with an aspect of the present invention;

FIG. 6 is a block diagram of a process that may be utilized to enhance the efficiency of a refrigeration system, in
accordance with an aspect of the present invention; and

FIG. 7 is a graphical representation of ambient temperature as a function of cooling load demand for various modes
of operation of a refrigeration system, in accordance with an aspect of the present invention.

DETAILED DESCRIPTION

[0005] The present invention discloses a refrigeration system according to claim 1 and a method for operating a
refrigeration system according to claim 11.
[0006] Typically, refrigeration systems increase an air flow of the free-cooling system to a maximum air flow before
operating the mechanical cooling system because it is generally believed that the free-cooling system consumes less
power than the mechanical cooling system (e.g., a compressor of a vapor-compression refrigeration cycle). For example,
a free-cooling system may include one or more fans that direct air toward a coil of a heat exchanger to cool a cooling
fluid flowing through the coil. In order for the fans to operate, power is supplied to the one or more fans such that the air
may flow over the coil and absorb heat from the cooling fluid. An amount of free-cooling performed by the free-cooling
system may be adjusted by controlling a coil bypass valve with a number of fixed-speed fans running.
[0007] A mechanical cooling system may include one or more vapor-compression refrigeration cycles, where each
vapor-compression refrigeration cycle includes an evaporator, a compressor, a condenser, and/or an expansion device.
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Refrigerant may be directed through the mechanical cooling system (e.g., a refrigerant loop) via the compressor, which
may also be powered by a variable speed drive. The variable speed drive coupled to the compressor may enable control
over a speed of the compressor, and thus an amount of cooling performed by the vapor-compression refrigeration cycle.
[0008] Typically, refrigeration systems operate a free-cooling system at maximum capacity (e.g., a maximum fan
speed) before supplying power to the compressor of the mechanical cooling system because it is believed that the fans
of the free cooling system consume less power than the compressor of the mechanical cooling system. Additionally,
traditional refrigeration systems may continue to operate the free-cooling system at maximum capacity (e.g., at the
maximum fan speed) when power is supplied to one or more compressors of the mechanical cooling system. The present
invention seeks to minimize an amount of power input to the overall refrigeration system (e.g., the free-cooling system
and the mechanical cooling system) by increasing a speed of the variable speed fan of the free-cooling system up to a
threshold speed, where the threshold speed is below a maximum speed of the fan (e.g., a speed that the fan cannot
physically exceed). According to the invention, when the fan reaches the threshold speed (or before the fan reaches the
threshold speed), power is supplied to the compressor of the mechanical cooling system. Operating the refrigeration
system in such a manner minimizes an amount of power supplied to the system, thereby enhancing an efficiency of the
refrigeration system.
[0009] Turning now to the figures, FIG. 1 depicts an exemplary application for a refrigeration system. Such systems,
in general, may be applied in a range of settings, both within the heating, ventilating, air conditioning, and refrigeration
(HVAC&R) field and outside of that field. The refrigeration systems may provide cooling to data centers, electrical devices,
freezers, coolers, or other environments through vapor-compression refrigeration, absorption refrigeration, and/or ther-
moelectric cooling. In presently contemplated applications, however, refrigeration systems may also be used in residen-
tial, commercial, light industrial, industrial, and in any other application for heating or cooling a volume or enclosure,
such as a residence, building, structure, and so forth. Moreover, the refrigeration systems may be used in industrial
applications, where appropriate, for basic refrigeration and heating of various fluids.
[0010] FIG. 1 illustrates an exemplary application, in this case a heating, ventilating, air conditioning, and refrigeration
system (HVAC&R) for building environmental management that may employ one or more heat exchangers. For example,
a building 10 is cooled by a system that includes a refrigeration system 12 and a boiler 14. As shown, the refrigeration
system 12 is disposed on the roof of the building 10 and the boiler 14 is located in the basement; however, the refrigeration
system 12 and the boiler 14 may be located in other equipment rooms or areas next to the building 10. The refrigeration
system 12 is an air cooled device and/or a mechanical cooling system that implements a refrigeration cycle to cool water
(or another cooling fluid, such as glycol). The refrigeration system 12 is housed within a single structure that may include
a mechanical cooling circuit, a free cooling system, a controller, and associated equipment such as pumps, valves, and
piping. For example, the refrigeration system 12 may be a single package rooftop unit that incorporates a free cooling
system, a mechanical cooling system, and a controller. In some embodiments, the refrigeration system 12 may not
include an external controller (e.g., connection ports for an external controller that controls other components of the
building 10). In other words, the refrigeration system 12 is an autonomous unit (e.g., a packaged unit) that may be utilized
to provide heating and/or cooling without additional components or controllers. The boiler 14 is a closed vessel that
includes a furnace to heat water. The water (or another cooling fluid) from the refrigeration system 12 and the boiler 14
is circulated through the building 10 by water conduits 16. The water conduits 16 are routed to air handlers 18, located
on individual floors and within sections of building 10.
[0011] The air handlers 18 are coupled to ductwork 20 that is adapted to distribute air between the air handlers 18
and may receive air from an outside intake (not shown). The air handlers 18 include heat exchangers that circulate cold
water from the refrigeration system 12 and hot water from the boiler 14 to provide heated or cooled air. Fans, within the
air handlers 18, draw air across coils of the heat exchangers and direct the conditioned air to environments within the
building 10, such as rooms, apartments, or offices, to maintain the environments at a designated temperature. A control
device, shown here as including a thermostat 22, may be used to designate the temperature of the conditioned air. The
control device 22 may also be used to control the flow of air through and from the air handlers 18. Other devices may,
of course, be included in the system, such as control valves that regulate the flow of water and pressure and/or temperature
transducers or switches that sense the temperatures and pressures of the water, the air, and so forth. Moreover, the
control devices may include computer systems that are integrated with and/or separate from other building control or
monitoring systems, including systems that are remote from the building 10. It should be noted that while water is
discussed as a cooling fluid, any suitable cooling fluid may be utilized in the refrigeration system 12.
[0012] According to the present invention, the refrigeration system 12 includes a mechanical cooling system that
includes a free cooling system. For example, FIG. 2 is a perspective view of the refrigeration system 12 that may include
both a mechanical cooling system (e.g., a vapor-compression refrigeration cycle) and a free cooling system to enhance
an efficiency of the overall refrigeration system 12. In certain embodiments, the mechanical cooling system of the
refrigeration system 12 may be an air-cooled variable-speed screw chiller similar to that of a YVAA chiller, as made
available by Johnson Controls Incorporated. For example, the mechanical cooling system may be a two-circuit, variable-
speed screw chiller with variable speed condenser fans (e.g., fans that may be used with one or more air-cooled heat
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exchangers). Additionally, the refrigeration system 12 may include a free-cooling system that may be utilized alone, or
in combination with, the mechanical cooling system (e.g., a vapor-compression refrigeration cycle).
[0013] According to the invention, the refrigeration system 12 includes a control system configured to determine
whether (and how) to operate the mechanical cooling system and/or the free cooling system based on a temperature
of ambient air (e.g., air in a surrounding environment of the refrigeration system) and/or a cooling load demand (e.g.,
an amount of cooling demanded by a load). Accordingly, the refrigeration system 12 may operate the mechanical cooling
system only (e.g., mechanical cooling mode), the free cooling system only (e.g., free cooling mode), or the mechanical
cooling system and the free cooling system simultaneously (e.g., hybrid cooling mode) to meet the cooling load demand.
[0014] As discussed above, it may be desirable to minimize an amount of energy input to a refrigeration system 12 to
maximize an efficiency of the refrigeration system 12 while achieving a desired cooling capacity of a load. In typical
refrigeration systems, a speed of a fan of a free cooling system may be maximized before a compressor (e.g., a variable
speed compressor) of a mechanical cooling system is activated in order to achieve a desired cooling load. However, it
is now recognized that activating the mechanical cooling system compressor before a maximum speed of the fan is
reached may consume less energy than operating the fan at its maximum speed before activating the mechanical cooling
system compressor.
[0015] For example, FIG. 3 is a block diagram of the refrigeration system 12 according to the present invention. As
shown in the illustrated embodiment, the refrigeration system 12 includes a free cooling system 52 and a mechanical
cooling system 54 (e.g., one or more vapor-compression refrigeration cycles). The free cooling system 52 includes an
air-cooled heat exchanger 56 that receives and cool a cooling fluid 58 (e.g., water and/or glycol). For example, the air-
cooled heat exchanger 56 may be located along an air flow path 59 created by one or more fans 60 (e.g., variable speed
fans) that direct air over coils of the air-cooled heat exchanger 56. When ambient air is at a relatively low temperature,
the air directed over the coils may absorb heat from the cooling fluid 58, thereby decreasing a temperature of the cooling
fluid 58 and increasing a temperature of the ambient air flowing over the coils of the air-cooled heat exchanger 56. In
certain embodiments, the cooling fluid 58 may be received by the air-cooled heat exchanger 56 from a load 62. Therefore,
the cooling fluid 58 may ultimately be re-directed toward the load 62 to lower a temperature of the load 62 (e.g., air or
fluid that may be directed through a building or a machine).
[0016] However, the free cooling system 52 may not be as effective when the temperature of the ambient air is relatively
high. For example, an amount of heat transfer occurring between the cooling fluid 58 and the ambient air in the air-
cooled heat exchanger 56 may decrease as the temperature of ambient air increases (e.g., the ambient air may not
absorb as much heat from the cooling fluid 58 when the ambient air is relatively warm). Therefore, the refrigeration
system 12 may include a three-way valve 64 that controls an amount of the cooling fluid 58 that may flow toward the
free cooling system 52. For example, the three-way valve 64 may block the cooling fluid 58 from flowing directly toward
an evaporator 66 of the mechanical cooling system 54 and simultaneously enable flow through the air-cooled heat
exchanger 56 when ambient air temperature is sufficiently below a temperature of the cooling fluid 58 returning from the
load 62, such that free-cooling supplies at least a portion of the cooling load demand. The cooling fluid 58 may then flow
through the evaporator 66, which can further cool the cooling fluid 58.
[0017] As shown in the illustrated embodiment of FIG. 3, the three-way valve 64 may receive the cooling fluid 58 from
a pump 65 and select between directing a flow of the cooling fluid 58 toward the evaporator 66 directly from the load 62
or toward the evaporator 66 from the air-cooled heat exchanger 56. In certain embodiments, the three-way valve 64
may include a tee and two, two-way butterfly valves mechanically coupled to an actuator that may adjust a position of
the valves (e.g., one butterfly valve opens when the other closes). It should be noted that while the three-way valve 64
is located upstream of the air-cooled heat exchanger 56 in the embodiment of FIG. 3, the three-way valve 64 may be
located downstream of the air-cooled heat exchanger 56 in other embodiments. In still further embodiments, the three-
way valve 64 may be configured to simultaneously supply and control a flow of the cooling fluid 58 to the air-cooled heat
exchanger 56 and to the evaporator 66 directly from the load 62.
[0018] When free cooling is able to provide substantially all of the cooling load demand (e.g., when ambient air
temperature is below a threshold temperature), the mechanical cooling system 54 does not operate. As such, the cooling
fluid 58 flows through the evaporator 66 without experiencing a substantial temperature change (e.g., substantially no
heat is transfer from the cooling fluid 58 in the evaporator 66). In some embodiments, the refrigeration system 12 may
include a bypass valve 67 to enable the cooling fluid 58 (or a portion of the cooling fluid 58) to bypass the evaporator
66. In certain embodiments, bypassing the evaporator 66 may substantially avoid a pressure drop experienced by the
cooling fluid 58 when flowing through the evaporator 66.
[0019] When free cooling is unable to provide substantially all of the cooling load demand, the mechanical cooling
system 54 is initiated (e.g., operated either alone or simultaneously with the free cooling system 52). According to the
invention, the mechanical cooling system 54 is a vapor-compression refrigeration cycle 68 that includes the evaporator
66, a variable speed compressor 70 (e.g., a variable speed compressor), a condenser 72, and/or an expansion device
74, among other components. The mechanical cooling system 54 is may be configured to circulate a refrigerant 76,
which is evaporated (e.g., vaporized) in the evaporator 66 via heat transfer with the cooling fluid 58 (e.g., the cooling
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fluid 58 transfers thermal energy to the refrigerant 76 in the evaporator 66). Therefore, heat is transferred from the cooling
fluid 58 to the refrigerant 76 within the evaporator 66, thereby decreasing a temperature of the cooling fluid 58 (e.g.,
either in lieu of or in addition to the free cooling system 52). In certain embodiments, the cooling fluid 58 and/or the
refrigerant 76 may include glycol (or a mixture of glycol and water). In some embodiments, one or more sets of coils of
the condenser 72 may include micro-channel coils.
[0020] The air-cooled heat exchanger 56 may include round-tube plate-fin coils with internally enhanced tubes and
louvered fins to improve heat transfer. The evaporator 66 may be a brazed-plate, direct-expansion (DX) shell-and-tube
heat exchanger, a flooded shell-and-tube heat exchanger, a falling film shell-and-tube heat exchanger, a hybrid falling-
film and flooded heat exchanger, or any combination thereof. For embodiments that utilize DX evaporators, the refrigerant
is on the tube side and the refrigerant may make multiple passes through the evaporator (e.g., two, three, four or more).
For embodiments that utilize evaporators with refrigerant on the shell-side, water or glycol may flow through tubes in
with one, two, three, or more passes.
[0021] The refrigerant 76 exiting the evaporator 66 may flow toward the compressor 70, which is configured to circulate
the refrigerant through the vapor-compression refrigeration cycle 68. Additionally, the compressor 70 may increase a
pressure of the refrigerant 76 as the refrigerant 76 circulates (e.g., cycles) through the vapor-compression refrigeration
cycle 68. Increasing the pressure of the refrigerant 76 may also increase the temperature of the refrigerant 76, such that
the temperature of the refrigerant 76 exiting the compressor 70 is greater than the temperature of the refrigerant 76
entering the compressor 70. Accordingly, it may be desirable to decrease the temperature of the refrigerant 76 so that
it may ultimately absorb heat from the cooling fluid 58 in the evaporator 66.
[0022] Therefore, the refrigerant 76 exiting the compressor 70 may flow toward the condenser 72. In certain embod-
iments, the condenser 72 of the mechanical cooling system 54 may be an air-cooled heat exchanger, similar to the air-
cooled heat exchanger 56 of the free cooling system 52. In embodiments where the condenser 72 is an air-cooled heat
exchanger, the condenser 72 may share the fans 60 with the air-cooled heat exchanger 56. As shown in the illustrated
embodiment of FIG. 3, the condenser 72 may be located downstream of the air-cooled heat exchanger 56 with respect
to the air flow path 59 so that the cooling fluid 58 may approach the ambient temperature during free cooling. In other
embodiments, the condenser 72 may include fans 77 (e.g., variable speed fans) separate from the fans 60 (e.g., FIG.
4 and 5). In still further embodiments, the condenser 72 of the mechanical cooling system 54 may be any suitable heat
exchanger configured to transfer heat from the refrigerant 76 to another medium (e.g., water, air). In any case, the
condenser 72 is configured to decrease a temperature of the refrigerant 76 and generally liquefy (e.g., condense) the
refrigerant 76.
[0023] In certain embodiments, the mechanical cooling system 54 may also include the expansion device 74, which
may further decrease a temperature of the refrigerant 76, as well as decrease the pressure of the refrigerant 76. The
expansion device 74 may include an expansion valve, a flash tank, an expansion coil, or any other device configured
to decrease a pressure of the refrigerant 76 (and decrease a temperature of the refrigerant 76). In other embodiments,
the mechanical cooling system 54 may not utilize the expansion device 74.
[0024] As discussed above, the cooling fluid 58 may decrease in temperature by flowing through the free cooling
system 52 and/or the evaporator 66 of the mechanical cooling system 54. However, when a cooling load demand (e.g.,
a predetermined and/or desired temperature of the load 62 and/or a predetermined temperature of the cooling fluid 58
exiting the evaporator 66) exceeds an amount that the free cooling system 52 may provide alone, the free cooling system
52 and the mechanical cooling system 54 may operate simultaneously (e.g., a hybrid cooling mode). Accordingly, the
cooling fluid 58 may be directed toward the air-cooled heat exchanger 56 of the free cooling system 52, where the cooling
fluid 58 may decrease in temperature from a first temperature to a second temperature (e.g., the second temperature
is less than the first temperature). Additionally, the cooling fluid 58 may be directed toward the evaporator 66 of the
mechanical cooling system 54 upon exiting the air-cooled heat exchanger 56. The cooling fluid 58 may further decrease
in temperature from the second temperature to a third temperature (e.g., the third temperature is less than the second
temperature, and thus, the first temperature) during the hybrid cooling mode. Upon exiting the evaporator 66, the cooling
fluid 58 may be directed toward the load 62, where the cooling fluid 58 may be utilized to cool the load 62.
[0025] In certain embodiments, a first portion of the cooling fluid 58 may be directed toward the air-cooled heat
exchanger 56 of the free cooling system, while a second portion of the cooling fluid 58 may be directed toward the
evaporator 66 of the mechanical cooling system 54 (e.g., via the three-way valve 64). In other embodiments, generally
all of the cooling fluid 58 may either flow through the air-cooled heat exchanger 56 before entering the evaporator 66 or
directly flow through evaporator 66.
[0026] The refrigeration system 12 includes a controller 78 that may adjust a position of the three-way valve 64, a
position of the bypass valve 67, a speed of the one or more fans 60, a speed of the one or more fans 77 (e.g., FIG. 5),
a speed of the compressor 70, and/or any other operating conditions that may affect a temperature of the cooling fluid
58 supplied to the load 62. Accordingly, the refrigeration system 12 may include one or more sensors that may monitor
the operating conditions of the refrigeration system 12. For example, the refrigeration system 12 may include a return
cooling fluid temperature sensor 81, a supply cooling fluid temperature sensor 83, a suction pressure sensor 85, a
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discharge pressure sensor 87, and/or an ambient temperature sensor 89. The temperature and/or pressure sensors
may provide feedback to the controller 78, which may then adjust a position of the three-way valve 64, a position of the
valve 67, a speed of the one or more fans 60, a speed of the one or more fans 77 (FIG. 5), and/or a speed of the
compressor 70 based on the feedback received from the one or more sensors.
[0027] In certain embodiments, the controller 78 may include a processor 80 and a memory 82. For example, the
controller 78 may include non-transitory code or instructions stored in a machine-readable medium (e.g., the memory
82) that is used by a processor (e.g., the processor 80) to implement the techniques disclosed herein. The memory 82
may store computer instructions that may be executed by the processor 80. Additionally, the memory 82 may store
experimental data and/or other values relating to predetermined operating conditions of the refrigeration system 12. The
controller 78 may monitor and control the operation of the refrigeration system 12, for example, by adjusting a position
of the three-way valve 64, a position of the valve 67, a speed of the one or more fans 60, a speed of the one or more
fans 77, and/or a speed of the compressor 70 based on the feedback received from the one or more sensors. The
controller 78 of the refrigeration system 12 may be configured to perform instructions that may enhance an efficiency of
the refrigeration system 12. Such instructions are discussed in more detail herein with reference to FIG. 6.
[0028] FIG. 4 is a block diagram of the refrigeration system 12 where the mechanical cooling system 54 includes a
second vapor compression refrigeration cycle 90. The second vapor compression refrigeration cycle 90 may include a
second compressor 91 (e.g., a variable speed compressor or a fixed speed compressor), a second condenser 92, and
a second expansion device 93. In some embodiments, the compressor 70 may be a variable speed compressor and
the second compressor 91 may be a fixed speed compressor. However, in other embodiments, the compressor 70 and
the second compressor 91 may be any suitable combination of variable speed compressors and fixed speed compressors
that will enable the refrigeration system 12 to operate at a minimum energy input. Additionally, the second vapor com-
pression refrigeration cycle 90 may be configured to direct a refrigerant 94 through the evaporator 66 to provide additional
cooling when the cooling load demand is relatively high. The second vapor compression refrigeration cycle 90 may be
configured to operate in substantially the same manner as the vapor compression refrigeration cycle 68 to provide cooled
refrigerant 94 to the evaporator 66, where the cooled refrigerant 94 may absorb heat from the cooling fluid 58. In some
embodiments, the refrigerant 94 may be the same fluid as the refrigerant 76 (e.g., water, glycol, and/or a mixture of
water and glycol). In other embodiments, the refrigerant 94 may be different than the refrigerant 76.
[0029] As shown in FIG. 4, the two refrigerant circuits 68 and 90 share a single evaporator 66. In this embodiment the
evaporator 66 includes a shell-and-tube heat exchanger with refrigerant on a shell-side and water or glycol on a tube-
side. A partition 95 separates the two refrigerant circuits 68 and 90 and serves as a tube sheet between the two circuits
68 and 90. In other embodiments, DX evaporators or brazed-plate evaporators may be utilized when multiple refrigerant
circuits 68 and 90 are included in the refrigeration system 12.
[0030] As shown in the illustrated embodiment of FIG. 4, the second condenser 92 may be positioned in a separate
air flow path 96 from the condenser 72. A second air-cooled heat exchanger 97 may be positioned along the air flow
path 96 and share fans 98 (e.g., variable speed fans) with the second condenser 92. In this embodiment, the air stream
59 is drawn from the ambient environment through air-cooled heat exchanger 59, condenser 72, and fans 60 and then
discharged upward (e.g., out of the refrigeration system 12). Likewise, the air flow path 96 is drawn from the ambient
environment through the second air-cooled heat exchanger 97, the second condenser 92, and the fans 98 and then
discharged upward (e.g., out of the refrigeration system 12). In other embodiments, the condenser 72, the second
condenser 92, and the air-cooled heat exchanger 56 may be positioned in any suitable arrangement to meet the cooling
load demand. In still further embodiments, one or more of the condenser 72, the second condenser 92, and the air-
cooled heat exchanger 56 may share fans (e.g., the condenser 72, the second condenser 92, and/or the air-cooled heat
exchanger 56 are positioned in the same air flow path) such that ambient air flows through the air-cooled heat exchanger
56, the condenser 72, the second condenser 92, and the fans 60 in a series flow configuration.
[0031] Additionally, the controller 78 may be communicatively coupled to a second suction pressure sensor 99 and a
second discharge pressure sensor 100 to monitor a pressure of the refrigerant 94 entering and exiting the second
compressor 91 (e.g., similar to the suction pressure sensor 85 and the discharge pressure sensor 87 for the compressor
70). In some embodiments, the pressure of the refrigerant 94 entering and exiting the second compressor 91 may enable
the controller 78 to determine whether to increase and/or decrease a speed of the second compressor 91.
[0032] The refrigeration system 12 may additionally include an economizer 101, a filter 102, an oil separator 104 and/or
additional valves that may provide enhanced control and ability to cool the load 62, and thereby enhance the efficiency
of the refrigeration system 12. For example, FIG. 5 is a block diagram of the refrigeration system 12 that includes such
additional devices. As shown in the illustrated embodiment of FIG. 5, the vapor compression refrigeration cycle 68
includes the economizer 101. The economizer 101 may include the expansion device 74 as well as a flash tank 106. In
certain embodiments, the flash tank 106 may receive the refrigerant 76 from the expansion device 74 at a relatively low
pressure and low temperature. The flash tank 106 may be a vessel that is configured to rapidly lower the pressure of
the refrigerant 76 even further to separate any vaporous refrigerant from condensed refrigerant. Accordingly, a first
portion of the refrigerant 76 may vaporize (e.g., change from liquid to vapor) as a result of the rapid expansion within
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the flash tank 106. In some embodiments, the first portion of the refrigerant 76 that vaporizes may bypass the evaporator
66 and be directed toward the compressor 70 via a bypass circuit 107. Additionally, a second portion of the refrigerant
76 may remain in liquid form and collect at a bottom 108 of the flash tank 106. In some embodiments, a valve 110 may
be included downstream of the flash tank 106 and upstream of the evaporator 66, such that a flow of the second portion
of refrigerant 76 may be adjusted based on other operating conditions of the refrigeration system 12. For example, when
the condenser 72 reduces a temperature of the refrigerant 76 to a level such that the first portion exiting the flash tank
106 is substantially less than the second portion, the valve 110 may be adjusted to increase the flow of the second
portion of the refrigerant 76 directed toward the evaporator 66 so that more refrigerant 76 is evaporated in the evaporator
66 and directed toward the compressor 70.
[0033] Additionally, the flash tank 106 may include a liquid level sensor 111 that may monitor an amount of the second
portion of the refrigerant 76 (e.g., liquid portion) collected in the bottom 108 of the flash tank 106. The liquid level sensor
111 may be communicatively coupled to the controller 78 to provide feedback to the controller 78 regarding the amount
of liquid collected in the flash tank 106. In certain embodiments, the controller 78 may be configured to perform an output,
function, or command based on the feedback received from the liquid level sensor 111. For example, in certain embod-
iments, a three-way valve 112 may be located between the condenser 72 and the economizer 101. Therefore, when
the liquid level in the flash tank 106 is above a threshold level, the three-way valve 112 may be adjusted to direct the
refrigerant 76 toward the evaporator 66 along a bypass circuit 113, thereby bypassing the economizer 101 (e.g., the
temperature of the refrigerant is too low, and thus the additional cooling provided by the economizer 101 may not be
desired). Additionally, when the liquid level in the flash tank 106 is below a predetermined level, the three-way valve
112 may enable all or a substantial portion of the refrigerant 76 to incur additional cooling in the economizer 101 by
closing off the bypass circuit 113.
[0034] As shown in the illustrated embodiment of FIG. 5, the vapor compression refrigeration cycle 68 may also include
a check valve 115 disposed along the bypass circuit 107 that may block the first portion of the refrigerant 76 from flowing
from the compressor 70 toward the flash tank 106. Accordingly, the first portion of the refrigerant 76 (e.g., vaporous
refrigerant) may be directed from the flash tank 106 toward the compressor 70, where the pressure of the first portion
of the refrigerant 76 may increase. Additionally, the first portion of the refrigerant 76 may be blocked from flowing from
the compressor 70 back toward the flash tank 106 because of the check valve 115. Additionally or alternatively, a valve
116 may be included between the flash tank 106 and the compressor 70 such that a flow of the first portion of the
refrigerant 76 may be adjusted by the controller 78 (e.g., via an actuator configured to adjust a position of the valve 116).
It may be desirable to control the flow of the first portion of the refrigerant 76 from the flash tank 106 toward the compressor
70 because the compressor 70 may include a predetermined capacity (e.g., based on compressor speed) that governs
a rate of the refrigerant 76 that may be compressed. Accordingly, when the compressor 70 is near the predetermined
capacity, the controller 78 may adjust the valve 116 to decrease a flow rate of the first portion of the refrigerant 76 flowing
toward the compressor 70. Similarly, when the compressor is operating generally below capacity, the controller 78 may
adjust the valve 116 to increase the flow of the first portion of the refrigerant 76 flowing toward the compressor 70.
[0035] Additionally, the vapor compression refrigeration cycle 68 may include the filter 102 that may be utilized to
remove contaminants from the refrigerant 76. In certain embodiments, acids and/or oil may become mixed with the
refrigerant 76 that cycles through the vapor-compression refrigeration cycle 68. Accordingly, the filter 102 may be
configured to remove such contaminants from the refrigerant 76 such that the refrigerant 76 entering the expansion
device 74, the flash tank 106, the compressor 70, and/or the evaporator 66 includes minimal contaminants.
[0036] The vapor compression refrigeration cycle 68 may also include the oil separator 104, which may be positioned
downstream of the compressor 70 and upstream of the condenser 72, for example. The oil separator 104 may be utilized
to remove oil that may be collected in the refrigerant 76 when flowing through the compressor 70. Accordingly, any oil
removed within the oil separator 104 may be returned from the oil separator 104 to the compressor 70 via a recirculation
circuit 117. Additionally, oil removed from the refrigerant 76 may collect within the oil separator 104. As such, a valve
118 may be positioned along the recirculation circuit 117 to control a flow and/or pressure of the oil flowing toward the
compressor 70. Therefore, the amount of oil returned to the compressor 70 may be adjusted by the controller 78 (e.g.,
via an actuator configured to adjust a position of the valve 118). In certain embodiments, the oil separator 104 may be
a flash vessel, a membrane separator, or any other device configured to separate oil from the refrigerant 76 (e.g., water
and/or glycol).
[0037] Additionally, a valve 119 may be positioned between the compressor 70 and the oil separator 104 to control
an amount of the refrigerant 76 flowing toward the oil separator 104. In some cases, the oil separator 104 may include
an oil level monitoring device (e.g., an oil level sensor 120) that may enable the controller 78 and/or an operator to
determine how much oil has collected in the oil separator 104. When an amount of oil in the oil separator 104 exceeds
a predetermined threshold level, the controller 78 may adjust a position of the valve 119 to decrease a flow of the
refrigerant 76 toward the oil separator 104. In some embodiments, the controller 78 may also adjust a position of the
valve 118 to increase the amount of oil returned to the compressor 70 from the oil separator 104. Accordingly, the level
of oil in the oil separator 104 may decrease, thereby enabling more of the refrigerant 76 to flow toward the oil separator
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104, and thus, toward the condenser 72. While the present discussion focuses on the vapor compression refrigeration
cycle 68, it should be noted that the second vapor compression refrigeration cycle 90 may also include an economizer,
a filter, an oil separator and/or the additional valves and components discussed with reference to FIG. 5.
[0038] To enhance an efficiency of the refrigeration system 12, it is desirable to operate the compressor 70 (and/or
the second compressor 91) before the one or more fans 60 reach a maximum speed (e.g., the speed at which the one
or more fans 60 cannot spin any faster and/or a predetermined maximum speed specified by the manufacturer). In some
cases, operating the compressor 70 (and/or the second compressor 91) before the one or more fans 60 reach the
maximum speed enhances the efficiency of the refrigeration system 12. For example, FIG. 6 is a block diagram of a
process 130 that is utilized to enhance the efficiency of the refrigeration system 12.
[0039] At block 132, the controller 78 may determine a temperature of the ambient air (e.g., air in the surrounding
environment of the refrigeration system 12) and/or a cooling load (e.g., load 62) demand. For example, the controller
78 may be communicatively coupled to the ambient air temperature sensor 89 that monitors an ambient air temperature.
Additionally, the controller 78 may be communicative coupled to the return cooling fluid temperature sensor 81 and/or
to the supply cooling fluid temperature sensor 83 to determine a cooling load demand. As used herein, the ambient air
temperature may be a temperature of air in an environment surrounding the refrigeration system 12. Additionally, the
cooling load demand may be based on a difference between a predetermined or desired temperature of the load 62
(e.g., a temperature received from a user interface) and an actual temperature of the load 62 (e.g., a temperature received
from a sensor monitoring the load 62) and/or a temperature difference between a desired temperature of the cooling
fluid 58 supplied to or returned from the load 62 (e.g., received from the user interface) and an actual temperature of
the cooling fluid 58 supplied to or returned from the load 62 (e.g., a temperature received from the return cooling fluid
temperature sensor 82 or the supply cooling fluid temperature sensor 83).
[0040] At block 134, the controller 78 may be configured to operate the one or more fans 60 of the air-cooled heat
exchanger 56 at a first speed based at least on the temperature of ambient air and/or the cooling load demand. Accordingly,
the controller 78 may be configured to calculate (e.g., via the processor 80) the first speed of the fan based on the
feedback received from the one or more sensors. The first speed of the one or more fans 60 may increase as the cooling
load demand increases and/or as the ambient air temperature increases. Conversely, the first speed may decrease as
the cooling load demand decreases (e.g., when the actual temperature of the load is less than the predetermined
temperature of the load when cooling) and/or when the ambient air temperature decreases.
[0041] In certain embodiments, the one or more fans 60 may include a maximum speed (e.g., a speed at which the
one or more fans 60 cannot physically exceed). However, it is now recognized that it may not be desirable to increase
the speed of the one or more fans 60 to the maximum speed. Rather, operating and/or increasing a pressure of the
compressor 70 when the ambient air temperature increases and/or when the cooling load demand increases may reduce
power input to the refrigeration system 12. Therefore, the memory 82 of the controller 78 may be configured to calculate
(e.g., using an algorithm) a threshold speed of the one or more fans 60, which may be below the maximum speed of
the one or more fans 60. For example, the threshold speed of the one or more fans 60 may be between 50% and 99%
of the maximum speed, between 70% and 95% of the maximum speed, or between 80% and 90% of the maximum
speed. In some embodiments, the controller 78 may utilize Equation 1 below to calculate the threshold fan speed during
free-cooling only mode. 

In Equation 1, d1 and d0 may represent predetermined factors that are specific to the air-cooled heat exchanger 56.
Additionally, ECHLT represents the entering chilled liquid temperature (ECHLT), or the temperature of the cooling fluid
58 directed toward the load 62 from the evaporator 66 (e.g., the temperature received from the supply cooling fluid
temperature sensor 83). Tamb is the ambient air temperature, and FanFactor1 is a programmable factor that may be
specific to the air-cooled heat exchanger 56.
[0042] For operation in free-cooling only mode, the controller modulates fan speed to maintain leaving chilled liquid
temperature near a predetermined setpoint. As load and/or ambient temperature increase, the controller increases the
speed of the fans 60 until they reach the threshold speed. At the threshold speed, the controller 78 may block an increase
of the speed of the one or more fans 60 beyond the threshold speed. Any further increase in load or ambient temperature
or other operating condition that results in a corresponding increase of the leaving chilled water temperature above the
setpoint value causes the controller to initiate operation of one or more compressors (e.g., variable speed compressors).
As shown by Equation 1, the threshold speed may be different for various operating conditions (e.g., a different threshold
speed for various combinations of ambient air temperature and/or cooling load). The speed of the compressor 70 (and/or
the second compressor 91) may be determined by the controller 78 using algorithms known in the art, such that the
cooling load demand may be achieved by the refrigeration system 12.
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[0043] When the one or more fans 60 reach the threshold speed, the controller 78 is also configured to operate the
compressor 70 (and/or the second compressor 91) of the mechanical cooling system 54 at a first compressor speed,
as shown at block 136. In certain embodiments, the first compressor speed of the compressor 70 may be a speed that
achieves the cooling load demand and also reduces an amount of energy input to the refrigeration system 12 (e.g., a
minimum amount of energy is input). Additionally, the controller 78 may be configured to determine a second speed of
the one or more fans 60 when the compressor 70 (and/or the second compressor 91) is operating. In other words, when
the compressor 70 operates, it may not be desirable to continue operating the one or more fans at the threshold speed.
For example, the controller 78 may be configured to determine the second speed based on Equation 2. 

 Therefore, the second speed (e.g., the speed of the one or more fans 60 during a hybrid mode of operation) may be
based on a unit total load per fan (e.g., an amount of free cooling and mechanical cooling performed by a fan of the one
or more fans 60). Accordingly, the controller 78 may be configured to determine the unit total load per fan, which may
be based on the entering chilled liquid temperature (ECHLT), the ambient temperature (Tamb), a free cooling capacity
of each fan, a mechanical cooling capacity of each fan, and the number of fans included in the refrigeration system 12,
among others. The factors b1, b2, and FanFactor2 may be predetermined to minimize total energy use of the compres-
sor(s) 70 and/or 91 and the fans 60 based on experimental data and/or based on information specific to the refrigeration
system 12 (e.g., provided by a manufacturer). The unit total load per fan may be estimated from a mechanical cooling
capacity provided by the compressors 70 and/or 91 plus a free-cooling capacity provided from the air-cooled heat
exchanger 56.
[0044] The second speed represents an estimated fan speed that may minimize total energy use of the compressors
70 and/or 91 and the fans 60. In some cases, it may be desirable to adjust the fan speed for a particular refrigerant
circuit 68 and/or 90 based on the second sped to maintain a compressor oil pressure, a compressor suction pressure,
a compressor discharge pressure, and/or other operating conditions within acceptable control limits.
[0045] In certain embodiments, the compressor 70 may operate when the one or more fans 60 reach the threshold
speed, when the ambient air temperature reaches a predetermined value, and/or when the cooling load demand reaches
a predetermined value. Accordingly, the controller 78 may determine the first compressor speed of the compressor 70
(and/or a speed of the second compressor 91) based on the leaving chilled liquid temperature the second speed of the
one or more fans 60, the ambient air temperature, and/or the cooling load demand. In other embodiments, the compressor
70 (and/or the second compressor 91) may not be operated until the one or more fans 60 reach the threshold speed.
In any case, simultaneously operating the one or more fans 60 below the maximum speed and the compressor 70 may
decrease an amount of power consumed by the refrigeration system 12, which may enhance an efficiency of the refrig-
eration system.
[0046] In some cases, the operating conditions (e.g., ambient air temperature and/or cooling load demand) may change
during operation of the refrigeration system. Accordingly, at block 138, the controller 78 may be configured to adjust the
speed of the one or more fans 60, the compressor speed of the compressor 70, and/or the compressor speed of the
second compressor 91 to account for changes in the operating conditions. Additionally, the controller 78 may be configured
to switch between different operating modes of the refrigeration system 12 (e.g., see FIG. 7). As a non-limiting example,
when the refrigeration system 12 is located in an outdoor environment, the ambient air temperature may decrease during
the night and increase during the day (e.g., as a result of sunshine or a lack of sunshine). Therefore, during a hybrid
cooling mode of operation that utilizes the one or more fans 60 of the air-cooled heat exchanger 56 and the compressor
70, the controller 78 may be configured to decrease the speed of the one or more fans 60 from the first speed to a
second speed (e.g., the second speed is less than the first speed) and/or decrease the compressor speed of the
compressor 70 from the first compressor speed to a second compressor speed (e.g., the second compressor speed is
less than the first compressor speed) at night. Similarly, as the ambient air temperature increases during the day, the
controller 78 may be configured to increase the speed of the one or more fans 60 from the first speed and/or the second
speed to a third speed (e.g., the third speed is greater than the first speed and/or the second speed) and/or to increase
the compressor speed of the compressor 70 from the first compressor speed and/or the second compressor speed to
a third compressor speed (e.g., the third compressor speed is greater than the first compressor speed and/or the second
compressor speed).
[0047] Additionally, the controller 78 may be configured to adjust the speed of the one or more fans 60 and/or the
speed of the compressor 70 (and/or the second compressor 91) when the cooling load demand increases and/or de-
creases. In any event, the controller 78 may be configured to determine the speed of the one or more fans 60 and the
compressor speed of the compressor 70 (and/or the second compressor 91) by calculating the combination of the speed
of the one or more fans 60 and the compressor speed of the compressor 70 (and/or the speed of the second compressor
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91) that substantially or generally minimizes the amount of power input to the refrigeration system 12 (e.g., see Equation
2). Accordingly, the efficiency of the refrigeration system 12 may be enhanced.
[0048] FIG. 7 is a graphical representation 150 of ambient air temperature as a function of cooling load demand at
various modes of operation of the refrigeration system 12. The graphical representation assumes a constant leaving
chilled liquid temperature (LCHLT) (e.g., a temperature received from the return cooling fluid temperature sensor 81)
and flow rate. Accordingly, the graphical illustration 150 shows when the refrigeration system 12 may operate in a given
mode based at least on the ambient air temperature and cooling load demand. As shown in the illustrated embodiment
of FIG. 7, when the ambient air temperature is below a threshold temperature line 152, the free-cooling system 52 may
be operated. In certain embodiments, the threshold temperature line 152 may represent the ambient air temperature at
which free-cooling may still be effective for absorbing heat from the cooling fluid 58 based on a measured return chilled
liquid temperature, a measured ambient air temperature, and/or other operating parameters. Further, when the ambient
air temperature is below a second threshold temperature line 154, the refrigeration system 12 may operate in a free-
cooling only mode 156. The second threshold temperature line 154 may represent the ambient air temperature at which
the cooling load demand may be achieved without utilizing the mechanical cooling system 54 and/or without operating
the one or more fans 60 above the threshold speed.
[0049] When the ambient air temperature exceeds the second threshold temperature line 154 but is below the threshold
temperature line 152, the controller 78 may be configured to operate the compressor 70 of the vapor compression
refrigeration cycle 68 in a first hybrid cooling mode 158. In the first hybrid cooling mode 158, the amount of cooling
performed by the free-cooling system 52 and the vapor compression refrigeration cycle 68 achieves the cooling load
demand. However, in some cases, the ambient air temperature may be below the threshold temperature line 152, but
the free-cooling system 52 and the vapor compression refrigeration cycle 68 may not be able to achieve the cooling
load demand (e.g., when the cooling load demand exceeds a cooling load demand threshold line 159). Therefore, the
second compressor 91 of the second vapor compression refrigeration cycle 90 may be operated in addition to the air-
cooled heat exchanger 56 and the compressor 70 of the vapor compression refrigeration cycle 68 to achieve the desired
level of cooling. In such cases, the refrigeration system 12 may operate in a second hybrid cooling mode 160.
[0050] As the ambient air temperature increases above the threshold temperature line 152, the free-cooling system
52 may consume energy without providing any substantial amount of cooling. Therefore, power supplied to the one or
more fans 60 may be blocked and a first mechanical cooling only mode 162 may be performed. The first mechanical
cooling only mode 162 may operate the compressor 70 of the vapor compression refrigeration cycle 68 to cool the
cooling fluid 58 flowing through the evaporator 66. The first mechanical cooling only mode 162 may achieve the desired
level of cooling below a second cooling load demand threshold line 164. Thus, when the cooling load demand exceeds
the second cooling load demand threshold line 164 (and the ambient air temperature exceeds the temperature threshold
line 152) a second mechanical cooling only mode 166 may be initiated by the controller 78. The second mechanical
cooling only mode 166 may operate both the compressor 70 of the vapor compression refrigeration cycle 68 and the
second compressor 91 of the second vapor compression refrigeration cycle 90 in order to achieve the cooling load
demand.
[0051] In certain embodiments, the temperature threshold line 152 and the second temperature threshold line 154
may intersect at a point 168 along an axis 170 representative of the ambient air temperature. The point 168 may be less
than a point 172 representative of the LCHLT, such that heat may be transferred from the cooling fluid 58 to the ambient air.
[0052] One or more of the disclosed embodiments, alone or in combination, may provide one or more technical effects
useful in enhancing an efficiency of a refrigeration system that includes a free cooling system and a mechanical cooling
system. In general, embodiments of the present invention include operating a compressor of the mechanical cooling
system when one or more fans of the free cooling system are operating below a maximum speed. In some cases,
operating the compressor and the fans of the free cooling system at a speed below the maximum speed may consume
less power than operating the compressor and/or the fans at the maximum speed. Accordingly, power input to the
refrigeration system may be decreased, and an efficiency of the refrigeration system may be enhanced. The technical
effects and technical problems in the specification are exemplary and are not limiting. It should be noted that the em-
bodiments described in the specification may have other technical effects and can solve other technical problems.
[0053] While only certain features and embodiments of the present disclosure have been illustrated and described,
many modifications and changes may occur to those skilled in the art (e.g., variations in sizes, dimensions, structures,
shapes and proportions of the various elements, values of parameters (e.g., temperatures, pressures, etc.), mounting
arrangements, use of materials, colors, orientations, etc.) without materially departing from the novel teachings and
advantages of the subject matter recited in the claims. The order or sequence of any process or method steps may be
varied or re-sequenced according to alternative embodiments. Furthermore, in an effort to provide a concise description
of the exemplary embodiments, all features of an actual implementation may not have been described (i.e., those
unrelated to the presently contemplated best mode of carrying out an embodiment, or those unrelated to enabling the
claimed embodiments). It should be appreciated that in the development of any such actual implementation, as in any
engineering or design project, numerous implementation specific decisions may be made. Such a development effort
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might be complex and time consuming, but would nevertheless be a routine undertaking of design, fabrication, and
manufacture for those of ordinary skill having the benefit of this disclosure, without undue experimentation.

Claims

1. A refrigeration system (12), comprising:

- a free cooling system (52) comprising an air-cooled heat exchanger (56), wherein the air-cooled heat exchanger
(56) comprises a variable speed fan (60) configured to move air over coils of the air-cooled heat exchanger
(56) to remove heat from a coolant (58) flowing through the air-cooled heat exchanger (56);
- a mechanical cooling system (54) comprising a refrigerant loop with an evaporator (66), a variable speed
compressor (70), and a condenser (72) disposed along the refrigerant loop, wherein the variable speed com-
pressor (70) is configured to circulate a refrigerant (76) through the refrigerant loop, and wherein the evaporator
(66) is configured to receive the coolant (58) and to transfer heat from the coolant (58) to the refrigerant (76); and
- a controller (78) configured to adjust a fan speed of the variable speed fan (60) up to a threshold fan speed,
and to initiate operation of the variable speed compressor (70), when the fan speed reaches the threshold fan
speed,

wherein the fan speed and a compressor speed of the variable speed compressor (70) are based at least on an
ambient air temperature and a cooling load demand, and wherein the threshold fan speed is less than a maximum
speed of the variable speed fan (60).

2. The refrigeration system (12) of claim 1,
wherein the free cooling system (52), the mechanical cooling system (54), and the controller (78) are packaged in
a single unit, such that the refrigeration system (12) is an autonomous unit.

3. The refrigeration system (12) of claim 1 or 2,
wherein the controller (78) is configured to adjust the compressor speed and to maintain the fan speed at the
threshold fan speed when the fan speed reaches the threshold fan speed.

4. The refrigeration system (12) of one of claims 1 to 3,
wherein the threshold fan speed is determined by the controller (78) based at least on one or both of the ambient
air temperature and a temperature of the coolant (58) exiting the evaporator (66).

5. The refrigeration system (12) of one of claims 1 to 4,
wherein the controller (78) is configured to adjust the fan speed to substantially zero when the temperature of ambient
air reaches a threshold temperature.

6. The refrigeration system (12) of one of claims 1 to 5,
wherein the coolant (58) comprises glycol.

7. The refrigeration system (12) of one of claims 1 to 6,
wherein the condenser (72) of the refrigerant loop comprises an air-cooled condenser (72), and
wherein the air-cooled condenser (72) is preferably downstream of the air-cooled heat exchanger (56) with respect
to a flow of the air.

8. The refrigeration system (12) of one of claims 1 to 7,
comprising a temperature sensor (89) configured to monitor the ambient air temperature and to provide the ambient
air temperature as feedback to the controller (78).

9. The refrigeration system (12) of one of claims 1 to 8,
wherein the mechanical cooling system (54) comprises an additional refrigerant loop with an additional variable
speed compressor (91) and an additional condenser (92) disposed along the additional refrigerant loop, wherein
the additional variable speed compressor (91) is configured to circulate an additional refrigerant (94) through the
additional refrigerant loop, and wherein the additional refrigerant (94) is configured to flow into the evaporator (66)
and to absorb heat from the coolant (58).
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10. A method for operating a refrigeration system (12) according to one of claims 1 to 10, comprising:

- determining one or both of a temperature of ambient air and a cooling load demand;
- operating a variable speed fan (60) of an air-cooled heat exchanger (56) at a first speed based at least on one
or both of the temperature of ambient air and the cooling load demand;
- adjusting the first speed of the variable speed fan (60) based on changes of at least one or both of the
temperature of ambient air and the cooling load demand; and
- initiating operation of a variable speed compressor (70) of the mechanical cooling system (54), when the first
speed reaches a threshold speed, wherein the threshold speed is less than a maximum speed of the fan (60),

wherein the variable speed compressor (70) is configured to operate at a compressor speed based on one or more
of the temperature of ambient air, the cooling load demand, and the first speed of the fan (60) before operating the
variable speed fan (60) at a maximum speed.

11. The method of claim 11, comprising adjusting the first speed of the variable speed fan (60) to substantially zero
when the temperature of ambient air reaches a threshold temperature,

12. The method of claim 11 or 12, comprising bypassing the air-cooled heat exchanger (56) when the temperature of
ambient air exceeds the threshold temperature.

13. The method of one of claims 11 to 13, comprising adjusting an additional compressor speed of an additional variable
speed compressor (91) when the cooling load demand reaches a threshold cooling load demand.

14. The method of one of claims 11 to 14, comprising adjusting the first speed of the variable speed fan (60) while
adjusting the compressor speed to achieve the cooling load demand.

Patentansprüche

1. Kältesystem (12), Folgendes umfassend:

- ein passives Kühlsystem (52), umfassend einen luftgekühlten Wärmetauscher (56), wobei der luftgekühlte
Wärmetauscher (56) ein Gebläse mit variabler Drehzahl (60) umfasst, das dazu ausgelegt ist, Luft über Wick-
lungen des luftgekühlten Wärmetauschers (56) zu bewegen, um Wärme von einem durch den luftgekühlten
Wärmetauscher (56) strömenden Kühlmittel (58) zu entfernen;
- ein mechanisches Kühlsystem (54), umfassend einen Kältemittelkreislauf mit einem Verdampfer (66), einem
Kompressor mit variabler Drehzahl (70) und einem Verflüssiger (72), die entlang des Kältemittelkreislaufs an-
geordnet sind, wobei der Kompressor mit variabler Drehzahl (70) dazu ausgelegt ist, ein Kältemittel (76) durch
den Kältemittelkreislauf zu zirkulieren, und wobei der Verdampfer (66) dazu ausgelegt ist, das Kühlmittel (58)
aufzunehmen und Wärme von dem Kühlmittel (58) an das Kältemittel (76) zu übertragen; und
- eine Steuerung (78), die dazu ausgelegt ist, eine Gebläsedrehzahl des Gebläses mit variabler Drehzahl (60)
bis zu einer Schwellen-Gebläsedrehzahl zu regeln und den Betrieb des Kompressors mit variabler Drehzahl
(70) einzuleiten, wenn die Gebläsedrehzahl die Schwellen-Gebläsedrehzahl erreicht, wobei die Gebläsedreh-
zahl und eine Kompressordrehzahl des Kompressors mit variabler Drehzahl (70) mindestens auf einer Umge-
bungslufttemperatur und einem Kühllastbedarf basieren und wobei die Schwellen-Gebläsedrehzahl kleiner als
eine Maximaldrehzahl des Gebläses mit variabler Drehzahl (60) ist.

2. Kältesystem (12) nach Anspruch 1,
wobei das passive Kühlsystem (52), das mechanische Kühlsystem (54) und die Steuerung (78) in einer einzelnen
Einheit konfektioniert sind, sodass es sich bei dem Kältesystem (12) um eine autonome Einheit handelt.

3. Kältesystem (12) nach Anspruch 1 oder 2,
wobei die Steuerung (78) dazu ausgelegt ist, die Kompressordrehzahl zu regeln und die Gebläsedrehzahl bei der
Schwellen-Gebläsedrehzahl beizubehalten, wenn die Gebläsedrehzahl die Schwellen-Gebläsedrehzahl erreicht.

4. Kältesystem (12) nach einem der Ansprüche 1 bis 3,
wobei die Schwellen-Gebläsedrehzahl von der Steuerung (78) bestimmt wird, mindestens basierend auf einem oder
beiden aus der Umgebungslufttemperatur und einer Temperatur des Kältemittels (58), das aus dem Verdampfer
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(66) austritt.

5. Kältesystem (12) nach einem der Ansprüche 1 bis 4,
wobei die Steuerung (78) dazu ausgelegt ist, die Gebläsedrehzahl auf im Wesentlichen Null zu regeln, wenn die
Temperatur der Umgebungsluft eine Schwellentemperatur erreicht.

6. Kältesystem (12) nach einem der Ansprüche 1 bis 5,
wobei das Kühlmittel (58) Glykol umfasst.

7. Kältesystem (12) nach einem der Ansprüche 1 bis 6,
wobei der Verflüssiger (72) des Kältemittelkreislaufs einen luftgekühlten Verflüssiger (72) umfasst, und
wobei sich der luftgekühlte Verflüssiger (72) bezogen auf einen Luftstrom bevorzugt stromabwärts von dem luftge-
kühlten Wärmetauscher (56) befindet.

8. Kältesystem (12) nach einem der Ansprüche 1 bis 7, umfassend einen Temperatursensor (89), der dazu ausgelegt
ist, die Umgebungslufttemperatur zu überwachen und die Umgebungslufttemperatur als Rückmeldung an die Steu-
erung (78) bereitzustellen.

9. Kältesystem (12) nach einem der Ansprüche 1 bis 8,
wobei das mechanische Kühlsystem (54) einen zusätzlichen Kältemittelkreislauf mit einem zusätzlichen Kompressor
mit variabler Drehzahl (91) und einem zusätzlichen Verflüssiger (92), die entlang dem zusätzlichen Kältemittelkreis-
lauf angeordnet sind, umfasst, wobei der zusätzliche Kompressor mit variabler Drehzahl (91) dazu ausgelegt ist,
ein zusätzliches Kältemittel (94) durch den zusätzlichen Kältemittelkreislauf zu zirkulieren, und wobei das zusätzliche
Kältemittel (94) dazu ausgelegt ist, in den Verdampfer (66) hinein zu strömen und Wärme von dem Kühlmittel (58)
zu absorbieren.

10. Verfahren zum Betreiben eines Kältesystems (12) nach einem der Ansprüche 1 bis 10, Folgendes umfassend:

- Bestimmen von einem oder beiden aus einer Temperatur der Umgebungsluft und einem Kühllastbedarf;
- Betreiben eines Gebläses mit variabler Drehzahl (60) eines luftgekühlten Wärmetauschers (56) bei einer
ersten Drehzahl, mindestens basierend auf einem oder beiden aus der Temperatur der Umgebungsluft und
dem Kühllastbedarf;
- Regeln der ersten Drehzahl des Gebläses mit variabler Drehzahl (60) basierend auf Änderungen von min-
destens einem oder beiden aus der Temperatur der Umgebungsluft und dem Kühllastbedarf; und
- Einleiten des Betriebs eines Kompressors mit variabler Drehzahl (70) des mechanischen Kühlsystems (54),
wenn die erste Drehzahl eine Schwellendrehzahl erreicht, wobei die Schwellendrehzahl kleiner als eine Maxi-
maldrehzahl des Gebläses (60) ist,

wobei der Kompressor mit variabler Drehzahl (70) dazu ausgelegt ist, bei einer Kompressordrehzahl betrieben zu
werden, die auf einem oder mehreren aus der Temperatur der Umgebungsluft, dem Kühllastbedarf und der ersten
Drehzahl des Gebläses (60) basiert, bevor das Gebläse mit variabler Drehzahl (60) bei einer Maximaldrehzahl
betrieben wird.

11. Verfahren nach Anspruch 11,
umfassend Regeln der ersten Drehzahl des Gebläses mit variabler Drehzahl (60) auf im Wesentlichen Null, wenn
die Temperatur der Umgebungsluft eine Schwellentemperatur erreicht.

12. Verfahren nach Anspruch 11 oder 12,
umfassend Umgehen des luftgekühlten Wärmetauschers (56), wenn die Temperatur der Umgebungsluft die Schwel-
lentemperatur überschreitet.

13. Verfahren nach einem der Ansprüche 11 bis 13,
umfassend Regeln einer zusätzlichen Kompressordrehzahl eines zusätzlichen Kompressors mit variabler Drehzahl
(91), wenn der Kühllastbedarf einen Schwellen-Kühllastbedarf erreicht.

14. Verfahren nach einem der Ansprüche 11 bis 14,
umfassend Regeln der ersten Drehzahl des Gebläses mit variabler Drehzahl (60) während des Regelns der Kom-
pressordrehzahl, um den Kühllastbedarf zu erreichen.
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Revendications

1. Système frigorifique (12) comprenant :

- un système de refroidissement libre (52) comprenant un échangeur de chaleur refroidi par air (56), l’échangeur
de chaleur refroidi par air (56) comprenant un ventilateur à vitesse variable (60) conçu pour déplacer l’air sur
les serpentins de l’échangeur de chaleur refroidi par air (56) afin de retirer de la chaleur d’un agent de refroi-
dissement (58) coulant à travers l’échangeur de chaleur refroidi par air (56) ;
- un système de refroidissement mécanique (54) comprenant une boucle de fluide frigorigène avec un évapo-
rateur (66), un compresseur à vitesse variable (70) et un condenseur (72) disposés le long de la boucle de
fluide frigorigène, le compresseur à vitesse variable (70) étant conçu pour faire circuler un fluide frigorigène
(76) à travers la boucle de fluide frigorigène, et l’évaporateur (66) étant conçu pour recevoir l’agent de refroi-
dissement (58) et pour transférer de la chaleur de l’agent de refroidissement (58) au fluide frigorigène (76) ; et
- un régulateur (78) conçu pour régler une vitesse de ventilateur du ventilateur à vitesse variable (60) jusqu’à
un seuil de vitesse du ventilateur, et pour démarrer le fonctionnement du compresseur à vitesse variable (70),
lorsque la vitesse du ventilateur atteint le seuil de vitesse du ventilateur, la vitesse de ventilateur et une vitesse
de compresseur du compresseur à vitesse variable (70) étant basées au moins sur une température de l’air
ambiant et sur une demande de charge de refroidissement et le seuil de vitesse du ventilateur étant inférieur
à une vitesse maximale du ventilateur à vitesse variable (60).

2. Système frigorifique (12) selon la revendication 1, dans lequel le système de refroidissement libre (52), le système
de refroidissement mécanique (54) et le régulateur (78) sont regroupés dans une seule unité, de sorte que le système
frigorifique (12) est une unité autonome.

3. Système frigorifique (12) selon la revendication 1 ou 2, dans lequel le régulateur (78) est conçu pour régler la vitesse
du compresseur et pour maintenir la vitesse du ventilateur au seuil de vitesse du ventilateur lorsque la vitesse du
ventilateur atteint le seuil de vitesse du ventilateur.

4. Système frigorifique (12) selon l’une des revendications 1 à 3, dans lequel le seuil de vitesse du ventilateur est
déterminé par le régulateur (78) sur la base de la température de l’air ambiant et/ou d’une température du fluide de
refroidissement (58) sortant de l’évaporateur (66).

5. Système frigorifique (12) selon l’une des revendications 1 à 4, dans lequel le régulateur (78) est conçu pour régler
la vitesse du ventilateur à sensiblement zéro lorsque la température de l’air ambiant atteint un seuil de température.

6. Système frigorifique (12) selon l’une des revendications 1 à 5, caractérisé en ce que l’agent de refroidissement
(58) contient du glycol.

7. Système frigorifique (12) selon l’une des revendications 1 à 6, dans lequel le condenseur (72) de la boucle de fluide
frigorigène comprend un condenseur refroidi par air (72), et dans lequel le condenseur refroidi par air (72) est de
préférence en aval de l’échangeur de chaleur refroidi par air (56) par rapport à un écoulement de l’air.

8. Système frigorifique (12) selon l’une des revendications 1 à 7, comprenant un capteur de température (89) conçu
pour surveiller la température de l’air ambiant et pour fournir la température de l’air ambiant en retour au régulateur
(78).

9. Système frigorifique (12) selon l’une des revendications 1 à 8, dans lequel le système de refroidissement mécanique
(54) comprend une boucle de fluide frigorigène supplémentaire avec un compresseur à vitesse variable supplé-
mentaire (91) et un condenseur supplémentaire (92) disposés le long de la boucle de fluide frigorigène supplémen-
taire, le compresseur à vitesse variable supplémentaire (91) étant conçu pour faire circuler un fluide frigorigène
supplémentaire (94) à travers la boucle de fluide frigorigène supplémentaire et le fluide frigorigène supplémentaire
(94) étant conçu pour circuler dans l’évaporateur (66) et absorber la chaleur de l’agent de refroidissement (58).

10. Procédé de fonctionnement d’un système frigorifique (12) selon l’une des revendications 1 à 10, le procédé consistant
à :

- déterminer une température de l’air ambiant et/ou une demande de charge de refroidissement ;
- faire fonctionner un ventilateur à vitesse variable (60) d’un échangeur de chaleur refroidi par air (56) à une
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première vitesse basée sur la température de l’air ambiant et/ou sur la demande de charge de refroidissement ;
- régler la première vitesse du ventilateur à vitesse variable (60) en fonction des variations de la températures
de l’air ambiant et/ou de la demande de charge de refroidissement ; et
- démarrer le fonctionnement d’un compresseur à vitesse variable (70) du système de refroidissement mécanique
(54), lorsque la première vitesse atteint un seuil de vitesse, le seuil de vitesse étant inférieur à une vitesse
maximale du ventilateur (60),

le compresseur à vitesse variable (70) étant conçu pour fonctionner à une vitesse de compresseur basée sur la
température de l’air ambiant et/ou sur la demande de charge de refroidissement et/ou sur la première vitesse du
ventilateur (60) avant de faire fonctionner le ventilateur à vitesse variable (60) à une vitesse maximale.

11. Procédé selon la revendication 11, comprenant le réglage de la première vitesse du ventilateur à vitesse variable
(60) à sensiblement zéro lorsque la température de l’air ambiant atteint un seuil de température.

12. Procédé selon la revendication 11 ou 12, comprenant le contournement de l’échangeur de chaleur refroidi par air
(56) lorsque la température de l’air ambiant dépasse le seuil de température.

13. Procédé selon l’une des revendications 11 à 13, comprenant le réglage d’une vitesse de compresseur supplémentaire
d’un compresseur à vitesse variable supplémentaire (91) lorsque la demande de charge de refroidissement atteint
un seuil de demande de charge de refroidissement.

14. Procédé selon l’une des revendications 11 à 14, comprenant le réglage de la première vitesse du ventilateur à
vitesse variable (60) tout en réglant la vitesse du compresseur pour atteindre la demande de charge de refroidis-
sement.
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