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(57)  An object of the present invention is to prevent
cavitation in a refrigerant pump from occurring due to a
decrease in a net positive suction head in a cooling de-
vice. A cooling device of the presentinventionis a cooling
device using a refrigeration cycle in which a refrigerant
is circulated through a heat receiver (1), a compressor
(2), aheatradiator (3), and an expander (4), and includes
a tank (5) that separates the refrigerant supplied from
the expander (4) into a gas phase refrigerant and a liquid
phase refrigerant, a pump (6) that sends the liquid phase
refrigerant separated in the tank (5) to the heat receiver
(1), and a control unit (7) that controls the amount of
increase in pressure of the compressor (2) in the refrig-
eration cycle, and the control unit (7) activates the pump
(6) on condition that a value of a net positive suction head
of the pump (6) exceeds a predetermined threshold val-
ue.

COOLING DEVICE AND METHOD FOR CONTROLLING COOLING DEVICE

FIG. 1
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Description
TECHNICAL FIELD

[0001] The present invention relates to a cooling device and a control method therefor. In particular, the present
invention relates to a cooling device using a refrigeration cycle suitable for air conditioning equipment in a data center
and a control method therefor.

BACKGROUND ART

[0002] A cooling device using a refrigeration cycle for radiating heat to an atmosphere via a refrigerant that has received
heat from heat generation sources through steps of heat-receiving, compressing, heat-radiating, and expanding a re-
frigerant is used to cool a space in which a large number of the heat generation sources such as electronic devices are
housed, such as a server room in a data center.

[0003] In this refrigeration cycle, because the refrigerant repeats the phase change between a liquid phase and a gas
phase in each step of the cycle, itis necessary to achieve an efficient operation of the refrigeration cycle by appropriately
maintaining a phase state of the refrigerant in pipelines between the respective steps.

[0004] Forexample, inthe refrigerant circulation system, because a compressor that sucks a refrigerant in a gas-liquid
mixed phase state of which heat has been received by a heat receiver and increases a pressure at a predetermined
compression ratio has a structure based on compression of a gas phase refrigerant, it is not possible to compress a
liquid phase refrigerant. Therefore, before the refrigerant is sucked into the compressor, it is necessary to separate the
refrigerant in the mixed phase state into gas and liquid phase refrigerants by temporarily storing the refrigerantin a gas-
liquid separation tank (generally, also serving as a tank that separates a gas phase refrigerant from a gas-liquid mixed
phase refrigerant directed to the heat receiver and stores a liquid phase refrigerant at a predetermined level).

[0005] On the other hand, switching from conventional high-pressure hydro fluoro carbons (HFCs: high-pressure
HFCs) having a difference between an evaporation pressure and a condensation pressure on the order of 1000 kPa to
low-pressure hydro fluoro olefins (low-pressure HFOs) having a difference between an evaporation pressure and a
condensation pressure of about 100 kPa and a maximum vapor pressure of 1000 kPa or less, as a refrigerant that is
used in the refrigeration cycle, is expected in consideration of an environmental load in recent years.

[0006] In the refrigeration cycle using the low-pressure refrigerant, because it is necessary to appropriately perform
gas-liquid separation in each step of the heat reception side and the heat radiation side of the refrigerant circulation
system, for example, a tank (gas-liquid separator) having a predetermined capacity is provided for the purpose of gas-
liquid separation on the inlet side of the compressor and gas-liquid separation on the suction side of a pump that sends
the refrigerant to the heat receiver.

[Prior Art Documents]
[Patent Documents]
[0007]

[Patent Document 1] Japanese Unexamined Patent Application, First Publication No. 2016-205773
[Patent Document 2] Japanese Unexamined Patent Application, First Publication No. 2010-243095

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

[0008] However, in a case in which the tank is connected to a suction side of the compressor, when a pressure in the
tank decreases with the suction of the compressor, the pressure drops below a saturated vapor pressure of a low-
pressure refrigerant stored in the tank, and cavitation may occur in the liquid phase refrigerant sucked into a pump for
sending the liquid phase refrigerant from the tank to the heat receiver. Further, because the saturated vapor pressure
on a saturated vapor pressure curve becomes high when the temperature of the refrigerant is high, such as when a
refrigeration cycle is activated, the risk of cavitation occurrence tends to increase.

[0009] When the cavitation occurs due to such a cause, a decrease in flow rate of the refrigerant to be sent from the
pump is caused, the liquid phase refrigerant having a sufficient flow rate cannot be supplied to the heat receiver, and it
becomes difficult to maintain cooling air supplied from the cooling device to a cooling target below a predetermined
temperature.
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[0010] Because this tendency of cavitation occurrence is more significant when a low-pressure refrigerant is used, it
is required to pay close attention to an operation of the pump in order to maintain an appropriate cooling capacity.
[0011] Patent Document 1 related to the present application describes a pump provided in a refrigeration cycle to
supply a refrigerant, but because the cycle is a cycle in which the refrigerant is supplied to a heat receiver via a path
including heat radiator - tank - pump - expansion valve, Patent Document 1 cannot be immediately applied to prevention
of cavitation in the refrigeration cycle using the low-pressure refrigerant having the above-described characteristics.
[0012] Patent Document 2 related to the present application discloses a technology regarding a vortex type refrigerant
liquid pump having a gas-liquid separator built thereinto, but does not disclose a technology for preventing cavitation of
a refrigerant in a pump that pumps a low-pressure refrigerant having the above-described characteristics.

[0013] An object of the present invention is to prevent cavitation from occurring in a pump that is used for pumping of
a liquid phase refrigerant in a refrigeration cycle in which cooling is performed through circulation of the refrigerant.

Means for Solving the Problem

[0014] Inordertosolve the above problem, afirstexample aspect ofthe presentinvention proposes the following means.
[0015] A cooling device according to the first example aspect of the present invention is a cooling device using a
refrigeration cycle in which a refrigerant is circulated through a heat receiver, a compressor, a heat radiator, and an
expansion valve, the cooling device including: a gas-liquid separator configured to perform gas-liquid separation on the
refrigerant supplied from the expansion valve, a pump configured to send a liquid phase refrigerant separated by the
gas-liquid separator to the heat receiver, and a control unit configured to control opening and closing of a refrigerant
flow path of the refrigeration cycle, and an operation and stopping of the compressor and the pump, wherein the control
unit controls the operation and stopping of the pump, and starts the operation of the pump on condition that a net positive
suction head of the pump has reached a predetermined value or more.

[0016] A second example aspect of the present invention also proposes the following means.

[0017] A control method for a cooling device according to the second example aspect of the present invention is a
control method for a cooling device using a refrigeration cycle in which a refrigerant is circulated through a heat receiver,
a compressor, a heat radiator, and an expander, the control method including: controlling, by a control unit, an operation
and stop of a pump; and starting, by a control unit, the operation of the pump on condition that a net positive suction
head of the pump has reached a predetermined value or more.

Effect of the Invention

[0018] In the presentinvention, it is possible to allow the refrigerant to have an appropriate phase of a gas phase and
a liquid phase at various places constituting the refrigeration cycle.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

Fig. 1 is a piping system diagram of a cooling device according to a minimum configuration example of the present
invention.

Fig. 2 is a process diagram of a control method for a cooling device according to the minimum configuration example
of the present invention.

Fig. 3 is a flowchart of an operation of a control unit of a cooling device according to a first embodiment of the present
invention.

Fig. 4 is a piping system diagram illustrating an overall configuration of the cooling device according to the first
embodiment of the present invention.

Fig. 5 is a piping system diagram illustrating an overall configuration of a cooling device according to a second
embodiment of the present invention.

Fig. 6 is a flowchart of an operation of a control unit of a cooling device according to a third embodiment of the
present invention.

Fig. 7 is a piping system diagram illustrating an overall configuration of the cooling device according to the third
embodiment of the present invention.

Fig. 8 is a flowchart of an operation of a control unit of a cooling device according to a fourth embodiment of the
present invention.

Fig. 9 is a piping system diagram illustrating an overall configuration of the cooling device according to the fourth
embodiment of the present invention.
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EXAMPLE EMBODIMENTS

[0020] A configuration of a cooling device according to a minimum configuration of the present invention will be
described with reference to Fig. 1. This cooling device is a cooling device using a refrigeration cycle in which a refrigerant
is circulated through a heat receiver 1, a compressor 2, a heat radiator 3, and an expander 4, and includes a tank 5 that
separates the refrigerant supplied from the expander 4 into a gas phase refrigerant and a liquid phase refrigerant, a
pump 6 that sends the liquid phase refrigerant separated in the tank 5 to the heat receiver 1, and a control unit 7 that
controls the amount of increase in pressure of the compressor 2 in the refrigeration cycle, in which the control unit 7
controls the operation and stop of the pump 6, and starts the operation of the pump on condition that a net positive
suction head of the pump 6 has reached a predetermined value or more. That is, the compressor 2 is operated to
decrease a temperature of the refrigerant flowing through a heat radiator side loop (a refrigerant circulation loop) indicated
by an arrow A in Fig. 1, and then, the refrigerant is caused to flow through a heat receiver side loop (a refrigerant
circulation loop) indicated by an arrow B in Fig. 1 on condition that the net positive suction head has reached a prede-
termined value or more.

[0021] According to the above configuration, because the pump 6 is activated by the control unit 7 on condition that
a pressure determined according to the net positive suction head of the refrigerant sucked into the pump 6, that is, a
pressure determined according to a pressure measurement value of a refrigerant liquid (a liquid phase refrigerant)
separated in the tank 5 and sucked into the pump 6, a head difference from a liquid level in the tank 5 to the pump 6 (a
pressure generated by a density of the refrigerant liquid at a temperature at that point in time and gravity due to a
difference in height), and a saturated vapor pressure of the refrigerant in the tank 5 is equal to or higher than a prede-
termined pressure, it is possible to maintain smooth circulation of the refrigerant in the cooling cycle without causing
cavitation in the refrigerant liquid to be sucked.

[0022] An example of a calculation equation using parameters actually measured in the control of the control unit 7
includes Equation (1) below.

Net positive suction head = (pump inlet pressure - saturated vapor

pressure)/(density of refrigerant liquid x gravitational acceleration) -~ (1)

[0023] In a temperature range in which the present invention is implemented, because change in the density of the
refrigerant liquid is negligibly small, the density can be treated as a constant in terms of control.

[0024] A control method for a cooling device according to the minimum configuration of the present invention will be
described with reference to Fig. 2. This control method for a cooling device is a control method for a cooling device using
a refrigeration cycle in which a refrigerant is circulated through the heat receiver 1, the compressor 2, the heat radiator
3, and the expander 4, and the control unit 7 controls an operation and stop of the pump 6 and starts the operation of
the pump 6 on condition that the net positive suction head of the pump 6 has reached a predetermined value or more.
That is, the cooling device is controlled so that the temperature of the refrigerant flowing through the heat radiator side
loop (the refrigerant circulation loop) indicated by the arrow A in Fig. 1 is decreased, and then, the refrigerant is caused
to flow through the heat receiver side loop (the refrigerant circulation loop) indicated by the arrow B in Fig. 1 on condition
that the net positive suction head becomes the predetermined value or more.

[0025] An example of a more specific control step of the control method related to the minimum configuration is as
follows.

SP1

[0026] The control unit 7 uses measurement data and known data for an inlet pressure of the pump 6, a detection
value of the temperature, and a physical property value of the refrigerant (for example, a saturated vapor pressure at
the temperature) as parameters, to detect the net positive suction head through calculation based on Equation (1) above.

SP2

[0027] The control unit 7 compares the net positive suction head with a management value (a predetermined value)
of the net positive suction head obtained in advance.

SP3

[0028] The control unit 7 starts the operation of the pump 6 on condition that the net positive suction head exceeds
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the predetermined value.

[0029] According to the above configuration, because the pump 6 is activated on condition that a pressure of the
refrigerant liquid to be sucked is equal to or higher than a predetermined net positive suction head according to the
saturated vapor pressure at that point in time, it is possible to prevent cavitation on the suction side of the pump 6 from
occurring.

(First Embodiment)

[0030] Hereinafter, a first embodiment of the present invention will be described with reference to Figs. 3 and 4. In
Fig. 4, the same components as those in Fig. 1 are denoted by the same reference signs, and a description thereof will
be simplified.

[0031] The heatreceiver 1 is provided in, for example, a ceiling-mounted unit disposed above a heat generation source
such as an internal server of a server room or the like, and includes, for example, a pipe through which a refrigerant
flows, and fins having a contact area necessary to promote heat exchange with an exhaust gas of a server that is a
cooling target. Further, the heat receiver 1 functions as an evaporator that receives heat from the air that absorbs heat
of an internal heat generation source by passing through the inside of the server, is discharged to a hot aisle side of the
server room (a passage in the server room on the side from which cooling air having a raised temperature is discharged),
and has become an updraft to be broughtinto contact with the fins, and the refrigerant flowing inside evaporates according
to an amount of received heat. The refrigerant that has received the heat in the heat receiver 1 becomes a gas phase
refrigerant according to the amount of received heat, and is discharged in a gas-liquid mixed phase state.

[0032] A pipe 8a connects the heat receiver 1 to a gas-liquid separator (specifically, a closed tank, which is hereinafter
referred to as a tank) 5, and a pipe 8b connects the gas phase portion (an upper portion) of the tank 5 to the suction
side of the compressor 2.

[0033] A pipe 8c connects a discharge side of the compressor 2 to the heat radiator 3. The heat radiator 3 is installed,
for example, outside in a building including the server room, and radiates heat by heat-exchanging the refrigerant
compressed by the compressor 2 with, for example, an atmosphere, so that the refrigerant is below a boiling point and
becomes a liquid phase refrigerant.

[0034] A pipe 8d connects the heat radiator 3 to the expansion valve 4. The refrigerant that has radiated the heat in
the heat radiator 3 and become a liquid phase refrigerant expands in the expansion valve 4 as an expander.

[0035] A pipe 8e supplies the refrigerant that has expanded by the expansion valve 4 and entered a gas-liquid mixed
phase state to the tank 5.

[0036] A pipe 8f connects a portion below a liquid level L of the tank 5 to the suction side of the pump 6, and a pipe
8g connects a discharge side of the pump 6 to the heat receiver 1. A valve V that opens or closes a flow path of the
refrigerant is provided in the middle of the pipe 8g. When a plurality of heat receivers 1 are provided in parallel in one
refrigeration cycle (a system of the refrigerant flowing through a heat receiver side loop B), it is possible to distribute a
required amount of refrigerant according to the difference in amount of received heat between the plurality of heat
receivers 1 and the difference in flow path resistance of the pipe 8g directed to the respective heat receivers 1 by adjusting
the degree of opening of each valve V provided in the pipe 8g directed to each heat receiver 1.

[0037] The liquid phase refrigerant obtained by the gas-liquid separation in the tank 5 is sucked into the pump 6 via
the pipe 8f and supplied to the heat receiver 1 via the pipe 8g. Then, in the heat receiver 1, heat is received from a heat
generation source such as an exhaust gas of the server, the refrigerant flows into the tank 5 again and circulates in the
refrigeration cycle.

[0038] A temperature sensor T measures the temperature of the refrigerant at a position immediately before the
refrigerant is sucked into the pump 6 in the middle of the pipe 8f, and a pressure sensor P similarly measures the pressure
of the refrigerant at the position immediately before the refrigerant is sucked into the pump 6.

[0039] The control unit 7 controls the activation of the pump 6 from data of the temperature and the pressure supplied
from the temperature sensor T and the pressure sensor P, and a calculation equation for a required suction head stored
in a database DB1. The database DB 1 is mounted in a memory as a control program or stored data in the control unit
7, or is stored in a server physically separated from the control unit 7 and receives or sends data via a communication
line. Details of control of the control unit 7 will be described below together with an operation of the cooling device with
reference to Fig. 3.

[0040] Control content of the control unit 7 will be described together with an operation of the cooling device of the
first embodiment having the configuration of Fig. 3 with reference to a flowchart of Fig. 3.

SP11

[0041] Control is executed on condition that the compressor 2 is activated so that the refrigerant circulates through
the heat radiator side loop A. The heat radiator 3 is activated, for example, by activating a fan (not illustrated) to supply
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cooling air (outside air) or by activating a pump (not illustrated) to supply cooling water, and is activated by opening the
valve constituting the expander 4 to a predetermined degree of opening.

SP12

[0042] The control unit 7 controls a drive motor of the compressor 2 to gradually increase the pressure of the refrigerant
to a predetermined compression ratio.

SP13

[0043] The control unit 7 acquires the data of the temperature and the pressure of the refrigerant on the inlet side of
the pump 6 from the temperature sensor T and the pressure sensor P.

SP14

[0044] The control unit 7 refers to the database DB to calculate a density of the refrigerant liquid and the saturated
vapor pressure from the temperature supplied from the temperature sensor T. Further, the control unit 7 calculates the
required suction head according to

Net positive suction head = (pump inlet pressure - saturated vapor

pressure)/(density of refrigerant liquid x gravitational acceleration) - (1)

described above.

[0045] In the calculation of the net positive suction head based on Equation (1) above, a pump inlet pressure P, a
refrigerant temperature T decreases with the increase in pressure of the refrigerant by the compressor 2, and the
saturated vapor pressure decreases with a decrease in the refrigerant temperature. In the firstembodiment, itis assumed
that the density of the refrigerant is constant regardless of change in the refrigerant temperature T.

[0046] Further, a threshold value of the net positive suction head is calculated by using Equation (2) below.

Threshold value = f x (net positive suction head - required suction head)

)

[0047] Here, the required suction head is the minimum suction pressure that does not cause cavitation, which is
determined by performance characteristics of the pump 6 (a flow rate and pressure characteristics determined by design
or obtained by actual measurement), and the coefficient f is a safety factor that is multiplied to reliably prevent cavitation
in consideration of operating conditions or a measurement error.

SP15

[0048] The control unit 7 determines whether the net positive suction head has exceeded the threshold value, returns
to SP13 and waits for the net positive suction head to increase in the case of No, and proceeds to the next step in the
case of Yes.

SP16

[0049] The control unit 7 activates the pump 6.

SP17

[0050] The control unit 7 activates the heat receiver 1. Specifically, the valve V is opened so that the refrigerant sucked

from the tank 5 is supplied to the heat receiver 1. Further, a fan (not illustrated) provided in the heat receiver 1 is activated,
air in the server room is sucked and sent to the heat receiver 1, and the air exchanges the heat with the refrigerant.
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SP18

[0051] The refrigerant circulates in the refrigeration cycle through the above steps, and the compressor 2 continuously
compresses the refrigerant. That is, an operation of the refrigeration cycle in which the refrigerant received in the heat
receiver side loop B is compressed and heat-radiated in the heat radiator side loop A and supplied to the heat receiver
side loop B again continues.

[0052] In the first embodiment, because the net positive suction head of the pump 6 can be maintained above the
required suction head, it is possible to stably supply the refrigerant from the pump 6 to the heat receiver 1 without causing
cavitation immediately after the start of the operation of the refrigeration cycle.

(Second Embodiment)

[0053] A second embodiment of the present invention will be described with reference to Fig. 5. In Fig. 5, the same
components as those in Figs. 1 and 4 are denoted by the same reference signs and description thereof will be simplified.
[0054] In the second embodiment, a suction side and a discharge side of a pump 6 are connected by a pipe (a bypass
pipeline) 8h, and a bypass valve 9a is provided in the middle of the pipe 8h.

[0055] Even in this second embodiment, the control unit 7 performs control in the same processing steps SP11 to
SP18 as the flowchart illustrated in Fig. 3 that is executed in the first embodiment.

[0056] In the second embodiment, because an amount of refrigerant according to a degree of opening of the bypass
valve 9a can be circulated from the discharge side to the suction side of the pump 6 by the bypass pipeline 8h, it is
possible to cause the pump 6 to suck the refrigerant having a flow rate equal to or higher than a predetermined value,
which is difficult to cause the cavitation, and because the temperature rise of the refrigerant that repeatedly passes
through the pump 6 due to the circulation of the refrigerant via the bypass pipeline 8h, that is, the temperature is measured
by the temperature sensor T between a confluence portion of the bypass pipeline 8h and the pipe 8f and the suction
side of the pump 6, it is possible to accurately reflect this rise of temperature in the saturated vapor pressure for each
temperature in a calculation equation for a net positive suction head and accurately calculate the net positive suction
head even when the temperature of the refrigerant rises with the circulation through the bypass pipeline 8h.

(Third Embodiment)

[0057] A third embodiment of the present invention will be described with reference to Figs. 6 and 7. In Fig. 7, the
same components as those in Figs. 1, 4, and 5 are denoted by the same reference signs, and description thereof will
be simplified.

[0058] In the fifth embodiment, the refrigerant temperature and refrigerant pressure in a tank 5 are adopted instead
of a refrigerant temperature and refrigerant pressure at an inlet of a pump 6 of the first and second embodiments as
parameters of the calculation equation for a net positive suction head that are used for control of the pump 6 by a control
unit 7, and a liquid level height of the refrigerant in the tank 5 is used.

[0059] Specifically, the tank 5 includes a temperature sensor T that detects the refrigerant temperature at a bottom
(a position at which a liquid phase state is guaranteed), and a pressure sensor P that detects the refrigerant pressure
at an upper portion (a position at which a gas phase state is guaranteed). Further, the tank 5 includes, at an upper
portion, a liquid level sensor L that detects a liquid level sensor L of the liquid phase refrigerant stored in the tank 5.
[0060] That s, the control unit 7 includes a database DB2 that receives measurement data from the pressure sensor
P, the refrigerant temperature sensor T, and the liquid level sensor L to calculate the net positive suction head, and the
database DB2 calculates the net positive suction head on the basis of Equation (1) below.

Net positive suction head = liquid level height in gas-liquid separator + (pressure
inside gas-liquid separator - pipe pressure loss - saturated vapor pressure)/(refrigerant
liquid density x gravitational acceleration) --- (1)

[0061] The pipe pressure loss can be calculated by multiplying a flow rate of the refrigerant (determined by a flow
velocity and a pipe diameter) by a predetermined pressure loss coefficient K.

[0062] Control content of the control unit 7 will be described together with an operation of the cooling device of the
third embodiment with reference to a flowchart of Fig. 6.
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SP11

[0063] Control is started on condition that the refrigerant circulates through the heat radiator side loop A due to the
activation of the compressor 2.

SP12

[0064] The control unit 7 controls a drive motor of the compressor 2 to gradually increase the pressure of the refrigerant
to a predetermined compression ratio.

SP13"

[0065] The control unit 7 acquires the data of the temperature and the pressure of the refrigerant in the tank 5 from
the temperature sensor T and the pressure sensor P, and acquires the data of the liquid level in the tank 5 from the
liquid level sensor L.

SP 14’

[0066] The control unit 7 refers to the database DB2 to calculate the density of the refrigerant liquid and the saturated
vapor pressure from the temperature supplied from the temperature sensor T. Further, the control unit 7 calculates a
required suction head according to

Net positive suction head = liquid level height in gas-liquid separator + (pressure
inside gas-liquid separator - Pipe pressure loss - saturated vapor pressure)/(refrigerant
liquid density x gravitational acceleration) - (1) described above.

[0067] In the calculation of the net positive suction head based on Equation (1°) above, a refrigerant temperature T
decreases with the increase in pressure of the refrigerant by the compressor 2, and the saturated vapor pressure
decreases with a decrease in the refrigerant temperature. Further, from the liquid level height, a pressure applied to the
liquid level height in the tank 5 is reflected in the effective charging head. In the third embodiment, it is assumed that
the density of the refrigerant is constant regardless of change in the refrigerant temperature T.

SP15

[0068] The control unit 7 determines whether the net positive suction head has exceeded the threshold value obtained
by Equation (2) common to the first and second embodiments, returns to SP13’ and waits for the net positive suction
head to rise in the case of No, and proceeds to the next step in the case of Yes.

SP16

[0069] The control unit 7 activates the pump 6.

SP17

[0070] The control unit 7 activates the heat receiver 1. Specifically, the valve V is opened so that the refrigerant sucked

from the tank 5 is supplied to the heat receiver 1. Further, a fan (not illustrated) provided in the heat receiver 1 is activated,
air in the server room is sucked and sent to the heat receiver 1, and the air exchanges the heat with the refrigerant.

SP18

[0071] The refrigerant circulates in the refrigeration cycle through the above steps, and the compressor 2 continuously
compresses the refrigerant. That is, an operation of the refrigeration cycle in which the refrigerant received in the heat
receiver side loop B is compressed and heat-radiated in the heat radiator side loop A and supplied to the heat receiver
side loop B again continues.
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[0072] According to the above configuration, it is possible to calculate the required suction head that can prevent the
occurrence of cavitation of the pump 6, by using the data acquired by the sensors provided in order to measure the
pressure, the temperature, and the liquid level in the tank 5 without separately providing sensors in the pipe 8f of a
suction portion of the pump 6.

(Fourth Embodiment)

[0073] A fourth embodiment of the present invention will be described with reference to Figs. 8 and 9. In Fig. 9, the
same components as those in Figs. 1, 4, and 7 are denoted by the same reference signs, and a description thereof will
be simplified.

[0074] In the fourth embodiment, a control unit 7 performs control according to a waiting time until the start of an
operation of a pump 6 stored in a database DB3.

[0075] A waiting time is determined on the basis of, for example, the amount of increase in pressure according to an
operating time of the compressor 2 until the pressure on the suction side of the pump 6 reaches the net positive suction
head that does not cause cavitation on the basis of operation record data of the refrigeration cycle for each outside air
temperature, and is calculated by Equation (3) below.

Waiting time = KT x amount of increase in pressure of compressor -+ (3)

[0076] KT is a time sufficient for the refrigerant temperature to begin to decrease with an increase in the pressure,
and is an integer that is determined on the basis of operation record data for a degree of increase in pressure of the
refrigeration cycle and occurrence or non-occurrence of the cavitation (an operation situation of the pump), and used
for converting the amount of increase in pressure required for the compressor until the refrigerant temperature decreases
into a waiting time.

[0077] Control content of the control unit 7 will be described together with an operation of the cooling device of the
fourth embodiment with reference to the flowchart of Fig. 8.

SP11

[0078] Control is executed on condition that the compressor 2 is operated and the refrigerant is circulated in the
refrigeration cycle.

SP12

[0079] The control unit 7 controls a drive motor of the compressor 2 to gradually increase the pressure of the refrigerant
to a predetermined compression ratio.

SP13"

[0080] The control unit 7 acquires data of the waiting time calculated on the basis of Equation (3) above from the
database DB3.

SP 15’

[0081] The control unit 7 determines whether or not the waiting time exceeds a threshold value preset in the database
DB3, waits Yes (the waiting time exceeds the threshold value), and proceeds to the next step.

SP16

[0082] The control unit 7 activates the pump 6.

SP17

[0083] The control unit 7 activates the heat receiver 1. Specifically, the valve V is opened so that the refrigerant sucked

from the tank 5 is supplied to the heat receiver 1. Further, a fan (not illustrated) provided in the heat receiver 1 is activated,
air in the server room is sucked and sent to the heat receiver 1, and the air exchanges the heat with the refrigerant.
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SP18

[0084] The refrigerant circulates in the refrigeration cycle through the above steps, and the compressor 2 continuously
compresses the refrigerant. That is, an operation of the refrigeration cycle in which the refrigerant received in the heat
receiver side loop B is compressed and heat-radiated in the heat radiator side loop A and supplied to the heat receiver
side loop B again continues.

[0085] According to the above configuration, it is possible to prevent the occurrence of cavitation by waiting for the
operation of the pump 6 over a predetermined time when the pressure of the refrigerant is expected to reach the net
positive suction head of the pump 6. Further, the control may be selected from a plurality of waiting time threshold values
according to, for example, the outside air temperature according to seasonal factors, and the room temperature of the
server room according to a variation in a load of a server that is a cooling target. Further, because this control is executed
on the basis of the passage of a preset time, it is not necessary to provide sensors at various places of the refrigeration
cycle to measure pressure, temperature, and the like, and it is possible to simplify the configuration of the refrigeration
device. That is, it is possible to indirectly determine whether or not a condition that the net positive suction head has
reached a predetermined pressure or higher is satisfied, by using a measurement value of time.

[0086] Specific configurations of the heat receiver, the compressor, the heat radiator, the gas-liquid separator, the
expander, the pump, and the control unit that constitute the refrigeration cycle are not limited to the embodiments and,
of course, may be changed without departing from the gist of the present invention. For example, the expander can have
afunction of depressurizing and expanding a refrigerant in a flow path of the liquid phase refrigerant by applying a throttle
to the flow path, and an orifice (simply, a throttle) or a capillary (which is a thin tube having a predetermined length
formed in a coil shape, and gives resistance to a fluid by flowing through a flow path having a small cross-sectional area)
can be adopted, in addition to the valve in the embodiment.

[0087] Further, activation control for the pump 6 that is performed in the first to fourth embodiments is not limited to a
single implementation, and a plurality of controls may be implemented in combination. Further, when the plurality of
controls may be implemented in combination, any one of the controls may be preferentially executed in consideration
of conditions such as a response speed to an increase or decrease of the net positive suction head, and an influence
on loads of refrigeration cycles of other systems.

INDUSTRIAL APPLICABILITY

[0088] The cooling device and cooling method of the present invention can be used for air conditioning for a data
center and the like.

Reference Symbols
[0089]

1 Heat receiver

2 Compressor

3 Heat radiator

3a Fan

3b Cooling air adjustment plate
4 Expander

5 Gas-liquid separator (tank)

6 Pump

7 Control unit

8a, 8b, 8c, 8d, 8e, 8f, 8g, 8h Pipe
9a Bypass valve

DB1, DB1’, DB2, DB3 Database
T Temperature sensor

P Pressure sensor

L Liquid level sensor

V Valve

Claims

1. Acooling device using a refrigeration cycle in which a refrigerant is circulated through a heat receiver, a compressor,

10
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a heat radiator, and an expansion valve, the cooling device comprising:

a gas-liquid separator configured to perform gas-liquid separation on the refrigerant supplied from the expansion
valve;

a pump configured to send a liquid phase refrigerant separated by the gas-liquid separator to the heat receiver;
and

a control unit configured to control opening and closing of a refrigerant flow path of the refrigeration cycle, and
an operation and stop of the compressor and the pump,

wherein the control unit starts the operation of the pump on condition that a net positive suction head of the
pump has reached a predetermined value or more.

The cooling device according to claim 1, wherein the control unit calculates the net positive suction head using a
pressure between the pump and the gas-liquid separator, a saturated vapor pressure of the refrigerant, and a liquid
density of the refrigerant.

The cooling device according to claim 1, wherein the control unit calculates the net positive suction head from
detection data of a pressure sensor and a temperature sensor, the pressure sensor being configured to measure
a pressure of a liquid phase portion between the pump and the gas-liquid separator, the temperature sensor being
configured to measure a temperature of the refrigerant.

The cooling device according to claim 1, wherein the control unit calculates the net positive suction head from
detection data of a pressure sensor and a temperature sensor, the pressure sensor being configured to measure
a pressure of a liquid phase portion between the pump and the gas-liquid separator and inside a bypass valve pipe
configured to connect a front and a rear of the pump, the temperature sensor being configured to measure a
temperature of the refrigerant.

The cooling device according to claim 1, wherein the control unit calculates the net positive suction head using a
liquid level height inside the gas-liquid separator, a pressure of a gas phase portion, a saturated vapor pressure of
the refrigerant, and a density of the refrigerant.

The cooling device according to claim 1, wherein the control unit calculates the net positive suction head from
detection data of a liquid level sensor, a pressure sensor and a temperature sensor, the liquid level sensor being
configured to measure a liquid level of the gas-liquid separator, the pressure sensor being configured to measure
a pressure of a gas phase portion of the gas-liquid separator, the temperature sensor being configured to measure
a temperature of the refrigerant in the gas-liquid separator.

The cooling device according to claim 1, wherein the control unit starts an operation of the pump on condition that
a predetermined time has elapsed after activation of the compressor.

A control method for a cooling device using a refrigeration cycle in which a refrigerant is circulated through a heat
receiver, a compressor, a heat radiator, and an expansion valve, the control method comprising:

controlling, by a control unit, an operation of a pump configured to send, to the heat receiver, a liquid phase
refrigerant separated by a gas-liquid separator configured to perform gas-liquid separation on the refrigerant
supplied from the expansion valve; and

starting, by the control unit, the operation of the pump on condition that a net positive suction head of the pump
has reached a predetermined value or more.

1"
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FIG. 1

FIG. 2

_SP1

DETECT NET POSITIVE
SUCTION HEAD

y 5P

COMPARE NET POSITIVE
SUCTION HEAD WITH

PREDETERMINED VALUE

v _SP3

START OPERATION
OF PUMP

12




(' NOILYH3dO NOISSFHAINOD )

81dS~ A
H3AIFO3H 1V3H J1VAILOY
21dS” A
dANd J1LVAILDY
91dS S3aA

JNIVA
dTOHS3IHHL <
av3H NOILONS JAILISOd

EP 4 174 402 A1

av3H NOILONS FAILISOd 13N LVIND1VO - G1dS” 13N
8'6 = NOILvHITaOOV TVNOILVLIAYHO -
(Qv3IH NOILONS A34HIND3Y - Av3aH NOILONS JAILISOd LIN) =

INIVA Q1OHSIHHL AvaH NOILONS JAILISOd 13N - INTIVA QTOHSIHHL ANV INTVA
dINNd a3Sn NI a3NINY3L3A INTVA :dv3H NOILONS d3dINOaY - || “av3H NOILONS JALLISOd 13N
JHN1VHIdNTL AINDIM INVHIOIHATH WOHH IHNSSIHA HOdVA 3Svav.Lva NOH4 SINTVA FHINOOV

Q3LVHNLYS ANV ALISNIA AiNOIT INYHIDIHATIH I1LVINDTVD - yIdS I

3svaviva
R=lq = JANTIVA LNFJWIHNSYIN FHINDDY =
i €1dS A
JHN1LVYHIJINTL dINOIT LINVHIDIHATY ‘HOSNIS FHNIVHIdINT L i
. HOSSIHANOD 40
JHNSSIHd 137Nl dNNd ‘HOSN3IS mm:mmm_mv 34NSS3Hd ISYIEONI
2hdsS~ A

d0013dIS HOLVIAVY 1V3H J1VAILOV

L1dS

& DIA

13



EP 4 174 402 A1

vy OIA

Y

dv3H NOILONS 3AILISOd L3N -
(Qv3aH NOILONS @34IND3Y - dvaH NOILONS JAILISOd LIN)) =
JANTVA ATOHS3IHHL dVIH NOILONS JAILLISOd 13N -
dIANd @3sSnN NI daNING313a 3N1VA :dv3H NOILONS d3HIND3Y -
JFHN1VHIdNTL AINDIT LINVYHIOIH43H INOHd 3HNSS3Hd HOdVA
d31vdNlvS ANV ALISN3A diNOIT LNvd3IDI443Y m._.dm_n_m@nm@w_\.w\n_

rlaa-

14



EP 4 174 402 A1

o

@
®_ 5
(N
Vi

—_—
-

<
0
e

©
()]

\

§ DIlA

\w
Ve

Y

L

av3H NOILONS JALLISOd L3N -
(Qv3H NOILONS @3HIND3Y - AvaH NOILONS JAILISOd LAN) =
JANTVA A1OHS3HHL AvaH NOILONS JAILISOd 13N -
dINNd d3SN NI daNINY313a 3NVA :dvdH NOILONS d3HIND3Y -
3dN1VH3dNGL dINDIT LNVHIOIH43H INOHd 3HNSS3Hd HOdVA
a31vdN1vS ANV ALISN3A diNDIT INYH3OIH43Y m_._.m_._w@nm_@c._\.@n_

raa-

15



(' NOILYH3JO NOISSTHIINOD )

81dS A
H3AIFOIY 1VIH FLVAILOY
L1dS A
dINNd 31VAILOV
91dS S3IA

JN1VA

EP 4 174 402 A1

ATOHSTHHL <
av3H ZO_._.._.Om_ﬁ_d/_w 3AILISOd

dv3H NOILONS FAILISOd 13N ALV INDTVO -
8’6 = NOILYHIT1dOIV TVNOILVLIAVHDO -
AON3INO3H4 NOILVAILOY p
diNNd 40 ANTVA A3INNSSY S| 31VH MO1d ANV LNVLSNOD SI M - - - S1dS
J1VH MOTd X M = SSO13dHNSS3Yd 3dId -
(Qv3H NOILONS d3HIND3Y - dV3H NOILONS JAILISOd 13N) X } =

Q3SVIHONI 39 NVD LVHL HOSSTHANOD 40 IHNSSIH 40 LINNOWY - 3MIVA QTOHSIHHL ANY 3NTVA
dWNd a3sN NI a3NIWG313d INTVA :dv3aH NOILONS a3HINO3Y « |---- »| _ dVIH NOLLONS JALLISOd 13N
JHNLYHIJNTL AINOM INVHIDIHATIH INOHH 3HNSSTHd HOdVA 3Svavlvd WOYdd S3MTVA 3HINOJV

A31VHNLYS ANV ALISNIA AINON INVHIDIHATH 3LV INDTVYD - P1dS \
3svav.iva ‘
=aq" ~» INTYA INIWIHNSYIN FHINDIY |
T IHOIFH T3ATT AINOIT :HOSNIS 13ATT AINON | €1dS !
L 34N1vHIdNTL dINDIT INVHIODIHATY *HOSNIS IdN.LvHIdNGL dOSS3ddINO9 40
d 39NSS3I™d 1IINI dWNd "HOSNIS IHNSSIHd mmzwwmmA,mm<mmoz_
ckdS

dOO13dIS HO1VIdvy 1V3H 31VAILOVY

LLdS

9 'DIA

16



EP 4 174 402 A1

Pl
N\/__\/\ x

as

L OIA

/
[EREURG N U UGN | P S |

i |

adv3H NOILONS JALLISOd L3N -
(Qv3H NOILONS a34IND3Y - AvaH NOILONS JAILISOd LIN)} =
JANTVA ATOHS3HHL dVdH NOILONS JAILISOd 13N -
dINNd d3sN NI d3ININY313a 3NTVA :dv3H NOILONS d3HIND3Y -
3HNLVH3IdINGL dINOIT LINVYHIDIH43H INOHH 3HNSS3IHd HOdVA
A31vHNLVS ANV ALISNIA dINOIT LNVYH3IDIH43Y m_._.m_n_m@nwnﬁ.wo

cdd

17



EP 4 174 402 A1

INVLSNOD Sl 1A ==
HOSSIHdINOD 40 3HNSS3Hd NI

3SVIHONI 40 LINNONY X 1M = JNIL ONILIVM -

3Svavivd

€dd

(' NOILVH3dO NOISSIHINOD )

81dS A
1INN NOILd303Y 1V3IH J1VAILOV
/1dS A
dANd 31VAILOV

91dS

JNIL d3Sdv1d >
JNIL ONILIVM

-

JNIL ONILIVM FHINODY

€1dS A
HOSS3HdNOD 40
JHNSS3IHd ISVIHONI
2hdS A

8 DIA

dOO13dIS HOLVIAvH Lv3H 31LVAILOY

L1dS

18



EP 4 174 402 A1

FIG. 9

_DB3

DATABASE
« CALCULATE WAITING TIME

19



10

15

20

25

30

35

40

45

50

55

EP 4 174 402 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2021/033539

A.

CLASSIFICATION OF SUBJECT MATTER
F25B 1/00(2006.01)i

FI:  F25B1/00 351J; F25B1/00 341D; F25B1/00 385A; F25B1/00 331G

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

F25B1/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1971-2021

Registered utility model specifications of Japan 1996-2021

Published registered utility model applications of Japan 1994-2021

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X JP 2010-243095 A (MITSUBISHI ELECTRIC CORP) 28 October 2010 (2010-10-28) 1,7-8
paragraphs [0037], [0042], fig. 1

Y 7

A 2-6

X JP 2018-146144 A (PANASONIC IP MAN CORP) 20 September 2018 (2018-09-20) 1,8
paragraphs [0033]-[0066], fig. 1-3

Y 2-3,5-7

A 4

JP 2013-224772 A (IHI CORP) 31 October 2013 (2013-10-31) 2-3,5-6

paragraphs [0029]-[0039], fig. 1

A US 2019/0226723 A1 (HEYL) 25 July 2019 (2019-07-25) 1-8
entire text, all drawings

D Further documents are listed in the continuation of Box C.

See patent family annex.

Special categories of cited documents:

document defining the general state of the art which is not considered

to be of particular relevance

earlier application or patent but published on or after the international

filing date

document which may throw doubts on priority claim(s) or which is

cited to establish the publication date of another citation or other

special reason (as specified)

> document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later than
the priority date claimed

e

ey

wyn

“g”

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

08 October 2021

Date of mailing of the international search report

16 November 2021

Name and mailing address of the ISA/JP

Japan Patent Office (ISA/JP)
3-4-3 Kasumigaseki, Chiyoda-ku, Tokyo 100-8915
Japan

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)

20




10

15

20

25

30

35

40

45

50

55

EP 4174

INTERNATIONAL SEARCH REPORT
Information on patent family members

402 A1

International application No.

PCT/JP2021/033539

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)
JP 2010-243095 A 28 October 2010 (Family: none)
Jp 2018-146144 A 20 September 2018 (Family: none)
JP 2013-224772 A 31 October 2013 (Family: none)
Us 2019/0226723 Al 25 July 2019 DE 102018101514 A
CN 110065359 A
KR 10-2019-0090360 A

Form PCT/ISA/210 (patent family annex) (January 2015)

21




EP 4 174 402 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« JP 2016205773 A[0007] * JP 2010243095 A [0007]

22



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

