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(54) HEAT PUMP TYPE CHILLER

(57) A heat pump type chiller (100) includes a com-
pressor (10), a refrigerant-air heat exchanger (20), an
expansion valve (40), and a refrigerant-circulating liquid
heat exchanger (50) and cools a circulating liquid by heat
exchange between the circulating liquid and arefrigerant.
Temperature sensors (TWR, TWL, TWS) are provided
respectively at a circulating liquid inlet port, at a circulat-
ing liquid outlet port, and on a surface portion of the re-
frigerant-circulating liquid heat exchanger (50). A pres-
sure sensor (PL) is provided in a refrigerant suction path
of the compressor (10). If it is detected that any one of
temperatures detected by the three temperature sensors
(TWR, TWL, TWS) and a refrigerant evaporation tem-
perature calculated by converting a pressure detected
by the pressure sensor (PL) is less than or equal to a
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Description
Technical Field

[0001] The presentinvention relates to heat pump type
chillers for cooling a liquid to be cooled, by heatexchange
with a refrigerant circulated in a refrigeration cycle.

Background Art

[0002] Patent Document 1 discloses, as a convention-
al heat pump type chiller, a configuration shown in FIG.
9, which is intended to prevent freezing in the chiller in-
cluding arefrigerating machine. The chiller of Patent Doc-
ument 1 implements a refrigeration cycle using a com-
pressor 501, a condenser 502, an expansion valve 503,
and an evaporator 504 in order to cool a liquid to be
cooled, by heat exchange with a refrigerant circulated in
the cycle.

[0003] Inthe chiller of Patent Document 1, there is pro-
vided a liquid electromagnetic valve 505 on the primary
side of the expansion valve 503. A first temperature sen-
sor 506 monitors temperature on the primary side of the
liquid electromagnetic valve 505 at start-up. If the tem-
perature detected by the first temperature sensor 506 is
less than or equal to a first specified value, a bypass
valve 507 is opened with the liquid electromagnetic valve
505 closed so that the refrigerant exhausted from the
compressor 501 can bypass the condenser 502 and the
expansion valve 503, reaching the secondary side of the
expansion valve 503. This bypassing of the refrigerant
prohibits the refrigerant from circulating in the refrigera-
tion cycle, thereby preventing the circulating water (liquid
to be cooled) supplied from a cold water tank 510 from
freezing in the evaporator (heat exchanger) 504.

Citation List
Patent Document

[0004] Patent Document 1: JP 5098472 B

Summary of Invention
Technical Problem

[0005] However, in the configuration of Patent Docu-
ment 1 described above, the temperature on the primary
side of the liquid electromagnetic valve 505 rises in
steady-state operation. It is therefore difficult to borrow
the above-described technique to prevent freezing dur-
ing operation.

[0006] The presentinvention has an object to provide
a heat pump type chiller capable of preventing a liquid
to be cooled from freezing from start-up throughout op-
eration thereof.
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Solution to Problem

[0007] To achieve this object, the present invention is
directed to a heat pump type chiller including: a compres-
sorfor sucking and exhausting arefrigerant; arefrigerant-
air heat exchanger; an expansion valve; a refrigerant-
circulating liquid heat exchanger for exchanging heat be-
tween a circulating liquid and the refrigerant; and a cir-
culation pump provided in a flow path for the circulating
liquid, the heat pump type chiller further including: a tem-
perature sensor provided at a circulating liquid inlet port
of therefrigerant-circulating liquid heat exchanger; atem-
perature sensor provided at a circulating liquid outlet port
of therefrigerant-circulating liquid heat exchanger; atem-
perature sensor provided on a surface portion of the re-
frigerant-circulating liquid heat exchanger; and a pres-
sure sensor provided in a refrigerant suction path of the
compressor, wherein when it is detected that any one of
temperatures detected by the three temperature sensors
and a refrigerant evaporation temperature calculated by
converting a pressure detected by the pressure sensor
is less than or equal to a predetermined temperature, the
compressor is stopped, and the circulation pump is acti-
vated.

[0008] According to this configuration, temperatures
thatcorrespond to circulating liquid temperature are mon-
itored. The configuration can therefore prevent freezing
of the circulating liquid throughout the chiller’s operation
period.

[0009] The heat pump type chiller may be configured
so that a plurality of controllers receives sensing signals
from the three temperature sensors and the pressure
sensor in a distributed manner.

[0010] According to this configuration, sensor signals
are received by a plurality of controllers in a distributed
manner. The configuration therefore allows for reducing
risks in the occurrence of a controller malfunction.
[0011] The heat pump type chiller may be configured
so that a first controller receives signals from the tem-
perature sensor provided at the circulating liquid inlet port
of the refrigerant-circulating liquid heat exchanger and
the pressure sensor provided in the refrigerant suction
path of the compressor, and a second controller receives
signals from the temperature sensors provided at the cir-
culating liquid outlet port and on the surface portion of
the refrigerant-circulating liquid heat exchanger, wherein
the first controller has a function to detect an abnormality
in a received signal per se, wherein at start-up of the
chiller, the circulation pump is activated before the com-
pressor is driven, wherein when it is detected, before the
compressor starts to be driven after activation of the cir-
culation pump, either that a temperature difference be-
tween the temperature detected by the temperature sen-
sor provided at the circulating liquid inlet port of the re-
frigerant-circulating liquid heat exchanger and the tem-
perature detected by the temperature sensor provided
at the circulating liquid outlet port of the refrigerant-cir-
culating liquid heat exchanger has an absolute value
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greater than or equal to a first predetermined value or
that a temperature difference between the temperature
detected by the temperature sensor provided at the cir-
culating liquid inlet port of the refrigerant-circulating liquid
heat exchanger and the temperature detected by the
temperature sensor provided on the surface portion of
the refrigerant-circulating liquid heat exchanger has an
absolute value greater than or equal to a second prede-
termined value that is greater than the first predetermined
value, the compressor stops being driven.

[0012] According to this configuration, the temperature
sensors can be checked for malfunctions before the com-
pressor is driven. The configuration therefore improves
the reliability of freeze-preventing detection.

[0013] The heat pump type chiller may be configured
so that a first controller receives signals from the tem-
perature sensor provided at the circulating liquidinlet port
of the refrigerant-circulating liquid heat exchanger and
the pressure sensor provided in the refrigerant suction
path of the compressor, and a second controller receives
signals from the temperature sensors provided at the cir-
culating liquid outlet port and on the surface portion of
the refrigerant-circulating liquid heat exchanger, wherein
the heat pump type chiller further includes: a first con-
nection relay provided between the circulation pump and
a power supply, the first connection relay opened and
closed by the first controller, and a second connection
relay provided between the circulation pump and the
power supply, the second connection relay opened and
closed by the second controller, the first connection relay
and the second connection relay provided in parallel with
each other.

[0014] According to this configuration, power can be
delivered from any one of the controllers (the first con-
troller and the second controller) to the circulation pump.
The configuration improves operational safety of the cir-
culation pump in the occurrence of a controller malfunc-
tion.

Advantageous Effects of Invention

[0015] Aheatpump type chiller of the presentinvention
includes temperature sensors provided respectively at a
circulating liquid inlet port, at a circulating liquid outlet
port, and on a surface portion of a refrigerant-circulating
liquid heat exchanger and also a pressure sensor pro-
vided in a refrigerant suction path of a compressor. When
it is detected that any one of temperatures detected by
the three temperature sensors and a refrigerant evapo-
ration temperature calculated by converting a pressure
detected by the pressure sensor is less than or equal to
a predetermined temperature, the compressor is
stopped, and the circulation pump is activated.

[0016] This configuration allows monitoring of temper-
atures that correspond to circulating liquid temperature
and thus enables circulating liquid freezing prevention
control to be performed based on these temperatures.
The configuration can hence advantageously prevent
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freezing of a circulating liquid throughout the chiller’s op-
eration period.

Brief Description of Drawings
[0017]

[FIG. 1] FIG. 1 is a schematic block diagram of a
configuration of a heat pump type chiller in accord-
ance with the present embodiment.

[FIG. 2] FIG. 2 is a block diagram of a control system
that performs circulating liquid freezing prevention
control in the heat pump type chiller in accordance
with the present embodiment.

[FIG. 3] FIG. 3 is a diagram illustrating freezing pre-
vention control in the control system shown in FIG.
2 in normal operation.

[FIG. 4] FIG. 4 is a diagram illustrating freezing pre-
vention control in the control system shown in FIG.
2 when a main CPU malfunctions.

[FIG. 5] FIG. 5 is a diagram illustrating freezing pre-
vention control in the control system shown in FIG.
2 when a sensor input to the main CPU is abnormal.
[FIG. 6] FIG. 6 is a diagram illustrating how freezing
prevention control works in the control system shown
in FIG. 2 when a sub-CPU malfunctions.

[FIG. 7] FIG. 7 is a diagram illustrating freezing pre-
vention control in the control system shown in FIG.
2 when a sensor input to the sub-CPU is abnormal.
[FIG. 8] FIG. 8 a flow chart depicting a sensor mal-
function detection operation in the heat pump type
chiller in accordance with the present embodiment.
[FIG. 9] FIG. 9 is a schematic block diagram of a
configuration of a conventional heat pump type chill-
er.

Description of Embodiments

[0018] The following will describe embodiments of the
present invention in reference to drawings. FIG. 1 is a
schematic block diagram of a configuration of a heat
pump type chiller (hereinafter, referred to simply as a
"chiller") 100 in accordance with the present embodi-
ment. The chiller 100 broadly includes a refrigerant circuit
110 that distributes a refrigerant and a circulating liquid
circuit 200 that distributes a circulating liquid. A control
device 140 controls all operations of the chiller 100.
[0019] The refrigerant circuit 110 includes a compres-
sor 10, a refrigerant-air heat exchanger 20, an expansion
valve 40, and a refrigerant-circulating liquid heat ex-
changer 50. The chiller 100 implements a refrigeration
cycle by circulating the refrigerant through the compres-
sor 10, the refrigerant-air heat exchanger 20, the expan-
sion valve 40, and the refrigerant-circulating liquid heat
exchanger 50 in this order. The chiller 100 cools the cir-
culating liquid by heat exchange between the circulating
liquid and the refrigerant in the refrigerant-circulating lig-
uid heat exchanger 50 (cooling operation).
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[0020] In the refrigerant circuit 110, the compressor 10
sucks and compresses the refrigerant and then exhausts
the compressed refrigerant. The refrigerant-air heat ex-
changer 20 exchanges heat between the refrigerant and
air (specifically, outside air). The expansion valve 40 en-
ables the refrigerant compressed by the compressor 10
to expand. The refrigerant-circulating liquid heat ex-
changer 50 exchanges heat between the circulating lig-
uid and the refrigerant. The compressor 10 may include
a plurality of parallel-connected compressors. Likewise,
the refrigerant-air heat exchanger 20 may include a plu-
rality of parallel-connected refrigerant-air heat exchang-
ers.

[0021] The expansion valve 40 can adjust the opening
degree thereof in response to an instruction signal from
the control device 140. The expansion valve 40 can thus
adjust the amount of circulation of the refrigerant in the
refrigerant circuit 110. The expansion valve 40, described
in more detail, includes a plurality of parallel-connected
expansion valves each capable of being closed. This
structure enables the expansion valve 40 to adjust the
amount of circulation of the refrigerant in the refrigerant
circuit 110 by means of a combination of open expansion
valves.

[0022] In the chiller 100 shown in FIG. 1, a refrigerant-
air heat exchanger fan 30 is provided for efficient heat
exchange in the refrigerant-air heat exchanger 20. An
engine 60 is provided as a driving power source for driv-
ing the compressor 10. It should be understood that in
the presentinvention, the driving power source for driving
the compressor 10 is not necessarily an engine and may
be another kind of driving power source (e.g., an electric
motor).

[0023] The chiller 100 in accordance with the present
embodiment is configured to be capable of performing
heating operation as well as performing the cooling op-
eration. The chiller 100 therefore includes a four-way
valve 111 on the refrigerant exhausting side of the com-
pressor 10. The chiller 100 also includes a bridge circuit
112.

[0024] The four-way valve 111 switches the flow direc-
tion of the refrigerant in response to instruction signals
from the control device 140, depending on whether the
chiller 100 is in the cooling operation or in the heating
operation. Namely, in the cooling operation, the four-way
valve 111 connects an inlet port (bottom port in FIG. 1)
to a first connection port (left portin FIG. 1) and connects
a second connection port (right port in FIG. 1) to an outlet
port (top port in FIG. 1), thereby forming solid-line pas-
sages shown in FIG. 1. On the other hand, in the heating
operation, the four-way valve 111 connects the inlet port
(bottom port in FIG. 1) to the second connection port
(right port in FIG. 1) and connects the first connection
port (left port in FIG. 1) to the outlet port (top portin FIG.
1), thereby forming broken-line passages shown in FIG.
1.

[0025] The flow direction of the refrigerantin the bridge
circuit 112 is automatically switched depending on
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whether the chiller 100 is in the cooling operation or in
the heating operation. The bridge circuit 112 includes
four check valves: a first check valve 112a, a second
check valve 112b, a third check valve 112c, and a fourth
check valve 112d. The first check valve 112a and the
second check valve 112b are connected in series with
each other so that the refrigerant can flow in the same
direction through both valves 112a and 112b, thereby
forming a first check valve array. The third check valve
112c and the fourth check valve 112d are connected in
series with each other so that the refrigerant can flow in
the same direction through both valves 112c and 112d,
thereby forming a second check valve array. The first
check valve array and the second check valve array are
connected in parallel with each other so that the refrig-
erant can flow in the same direction through both arrays.
[0026] Inthe bridge circuit 112, a connection point be-
tween the first check valve 112a and the second check
valve 112b provides a first middle connection point P1,
a connection point between the first check valve 112a
and the third check valve 112c provides an outflow con-
nection point P2, a connection point between the third
check valve 112c¢ and the fourth check valve 112d pro-
vides a second middle connection point P3, and a con-
nection point between the second check valve 112b and
the fourth check valve 112d provides an inflow connec-
tion point P4.

[0027] When the chiller 100 is in the cooling operation,
the refrigerant flows from the compressor 10 through the
four-way valve 111, the refrigerant-air heat exchanger
20, the bridge circuit 112 (from P1 to P2), the expansion
valve 40, the bridge circuit 112 (from P4 to P3), the re-
frigerant-circulating liquid heat exchanger 50, and the
four-way valve 111 then back to the compressor 10,
which completes the refrigeration cycle. On the other
hand, when the chiller 100 is in the heating operation,
the refrigerant flows from the compressor 10 through the
four-way valve 111, the refrigerant-circulating liquid heat
exchanger 50, the bridge circuit 112 (from P3 to P2), the
expansion valve 40, the bridge circuit 112 (from P4 to
P1), the refrigerant-air heat exchanger 20, and the four-
way valve 111 then back to the compressor 10, which
completes a heating cycle.

[0028] In the present embodiment, the chiller 100 fur-
therincludes an oil separator 81, an accumulator 82, and
areceiver 83. The oil separator 81 separates lubrication
oil for the compressor 10 from the refrigerant to feed the
separated lubrication oil back to the compressor 10. The
accumulator 82 separates out the refrigerant that does
not evaporate and thus remains in liquid form in the re-
frigerant-circulating liquid heat exchanger 50 and the re-
frigerant-air heat exchanger 20, both heat exchangers
effectively operating as an evaporator. The receiver 83
temporarily stores the high pressure liquid refrigerant fed
from the bridge circuit 112.

[0029] Since the chiller 100 in accordance with the
presentembodimentincludes the four-way valve 111 and
the bridge circuit 112, the chiller 100 is capable of switch-
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ing between the cooling operation and the heating oper-
ation. The present invention is however characterized by
the cooling operation. Therefore, the present invention
is also applicable to chillers capable of only performing
cooling operation.

[0030] The circulating liquid circuit 200 is described
next. The circulating liquid flowing in the circulating liquid
circuit 200, in the cooling operation, acts as the liquid to
be cooled by heat exchange in the refrigerant-circulating
liquid heat exchanger 50 and in the heating operation,
acts as a liquid to be heated by heat exchange in the
refrigerant-circulating liquid heat exchanger 50. This cir-
culating liquid is used as cold water or warm water, for
example, in an air conditioning system for buildings. The
circulating liquid is, for example, water, which by no
means is limiting the present invention; alternatively, the
circulating liquid may be an aqueous solution of, for ex-
ample, antifreeze.

[0031] The circulating liquid circuit 200 includes an in-
flow tube 211, an outflow tube 212, and a circulation
pump 300. The circulating liquid is introduced to the re-
frigerant-circulating liquid heat exchanger 50 via the in-
flow tube 211 and adjusted in temperature in the refrig-
erant-circulating liquid heat exchanger 50. The temper-
ature-adjusted circulating liquid is discharged from the
chiller 100 via the outflow tube 212. Note that the circu-
lating liquid circuit 200, constituting a part of the chiller
100, basically forms only a part of a closed circuitin which
the circulating liquid flows. Namely, in those cases where
the chiller 100 in accordance with the present embodi-
ment is used in an air conditioning system for a building,
the circulating liquid circuit 200 in the chiller 100 is con-
nected to a circulating liquid circuit in the air conditioning
system to form a closed circuit in which the circulating
liquid flows. The circulation pump 300 is a pump for cir-
culating the circulating liquid in this closed circuit. The
circulation pump 300, in the configuration shown in FIG.
1, is provided in the outflow tube 212 and may alterna-
tively be provided in the inflow tube 211.

[0032] The chiller 100 in accordance with the present
embodiment includes an inflow circulating liquid temper-
ature sensor TWR, an outflow circulating liquid temper-
ature sensor TWL, a heat exchanger surface tempera-
ture sensor TWS, and a pressure sensor PL in order to
prevent freezing of the circulating liquid in the cooling
operation.

[0033] Theinflow circulating liquid temperature sensor
TWR is provided in the inflow tube 211 to detect the tem-
perature of the circulating liquid flowing into the refriger-
ant-circulating liquid heat exchanger 50 (specifically, the
circulating liquid in the inflow tube 211). The outflow cir-
culating liquid temperature sensor TWL is provided in the
outflow tube 212 to detect the temperature of the circu-
lating liquid flowing out of the refrigerant-circulating liquid
heat exchanger 50 (specifically, the circulating liquid in
the outflow tube 212). The heat exchanger surface tem-
perature sensor TWS is provided on a surface of the re-
frigerant-circulating liquid heat exchanger 50 to detect
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the surface temperature thereof. The pressure sensor
PL is provided in a refrigerant suction path of the com-
pressor 10 to detectthe pressure of the refrigerant flowing
out of the refrigerant-circulating liquid heat exchanger
50. The temperature at which the refrigerant flowing out
of the refrigerant-circulating liquid heat exchanger 50
evaporates ("refrigerant evaporation temperature") is de-
termined from the pressure detected by the pressure sen-
sor PL.

[0034] The control device 140 performs the following
control processes based on sensing signals from various
sensors in order to prevent freezing of the circulating lig-
uid in the cooling operation. Specifically, the control de-
vice 140 stops the compressor 10 and activates the cir-
culation pump 300 if the control device 140 detects that
either the temperature detected by any one of the inflow
circulating liquid temperature sensor TWR, the outflow
circulating liquid temperature sensor TWL, and the heat
exchanger surface temperature sensor TWS or the re-
frigerant evaporation temperature calculated by convert-
ing the pressure detected by the pressure sensor PL is
less than or equal to a predetermined temperature (e.g.,
2°C).

[0035] In otherwords, if the control device 140 detects
that at least any one of these four temperatures is less
than or equal to a predetermined temperature (e.g., 2°C),
the control device 140 determines that continuing the
cooling operation could resultin freezing of the circulating
liquid and performs a control process to prevent this from
happening. Specifically, the control device 140 stops the
refrigeration cycle of the refrigerant circuit 110 by stop-
ping the compressor 10 and renders the circulating liquid
in the circulating liquid circuit 200 less likely to freeze by
activating the circulation pump 300. This control process
is continued until all the four temperatures are greater
than or equal to the predetermined temperature. The
chiller 100 in accordance with the present embodiment
can therefore prevent freezing throughout the chiller’s
operation period by continuously monitoring tempera-
tures that correspond to the circulating liquid tempera-
ture.

[0036] Inthe chiller 100 in accordance with the present
embodiment, the control device 140 preferably includes
a plurality of controllers so that the plurality of controllers
receives sensing signals from the three temperature sen-
sors and the pressure sensor in a distributed manner.
This distributed reception of sensor signals by the plu-
rality of controllers allows for reducing risks in the occur-
rence of a controller malfunction. The following will de-
scribe a configuration for the distributed reception by the
controllers in more detail.

[0037] The control device 140 includes a main board
141 and a sub-board 142 as illustrated in FIG. 2. The
main board 141 has mounted thereon a main CPU (first
controller) 143, whereas the sub-board 142 has mounted
thereon a sub-CPU (second controller) 144. The main
CPU 143 and the sub-CPU 144 are connected to each
other via communications lines 145 to enable communi-
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cations therebetween.

[0038] In the example shown in FIG. 2, it is supposed
that a sensing signal from the outflow circulating liquid
temperature sensor TWL and a sensing signal from the
pressure sensor PL are inputted to the main CPU 143
and also that a sensing signal from the inflow circulating
liquid temperature sensor TWR and a sensing signal from
the heat exchanger surface temperature sensor TWS are
inputted to the sub-CPU 144.

[0039] Furthermore, the main CPU 143 is capable of
controlling aconnectionrelay RY1 (first connection relay)
on a power board 146 to supply power to a motor 301.
The sub-CPU 144 is capable of controlling a connection
relay RY2 (second connection relay) and a connection
relay RY (MC) (second connection relay) to supply power
to the motor 301. The motor 301 drives the circulation
pump 300. The circulation pump 300 is activated when
power is supplied to the motor 301. Specifically, the first
connection relay (connection relay RY1) opened and
closed under the control of the main CPU 143 and the
second connection relay (the connection relay RY2 and
the connection relay RY (MC)) opened and closed under
the control of the sub-CPU 144 are provided in parallel
with each other. Power can therefore be delivered from
any one of the controllers (the main CPU 143 and the
sub-CPU 144) to the motor 301 to activate the circulation
pump. This configuration improves operational safety of
the circulation pump 300 in the occurrence of a controller
malfunction.

[0040] First, how freezing prevention control works in
normal operation will be described in reference to FIG.
3. In normal operation, both the main CPU 143 and the
sub-CPU 144 operate normally and are fed with normal
sensing signals from all of the inflow circulating liquid
temperature sensor TWR, the outflow circulating liquid
temperature sensor TWL, the heat exchanger surface
temperature sensor TWS, and the pressure sensor PL.
[0041] In this situation, the freezing prevention control
is performed by the main CPU 143. The main CPU 143
is fed with sensing signals directly from the outflow cir-
culating liquid temperature sensor TWL and the pressure
sensor PL and also via the sub-CPU 144 from the inflow
circulating liquid temperature sensor TWR and the heat
exchanger surface temperature sensor TWS. The main
CPU 143 monitors the temperatures detected from these
four signals and if one of the temperatures is less than
or equal to the predetermined temperature (e.g., 2°C),
performs the freezing prevention control.

[0042] More specifically, the main CPU 143 supplies
powerto the motor 301 by controlling the connectionrelay
RY1, to activate the circulation pump 300. The main CPU
143 also performs control for closing a gas valve GV The
gas valve GV in the present example adjusts fuel supply
to the engine 60. The engine 60 and the compressor 10
are stopped by closing the gas valve GV Note that closing
the gas valve GV is a mere example of control for stopping
the compressor 10. The presentinvention is by no means
limited to this example. As another example, the com-
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pressor 10 may be driven by an engine in such a manner
that when the compressor 10 needs to be stopped before
the engine completely starts driving, power supply to the
engine starter is stopped. Alternatively, the compressor
10 may be driven by a motor, in which case power supply
to the motor is stopped.

[0043] Next, how the freezing prevention control works
in the occurrence of a malfunction of the main CPU 143
will be described in reference to FIG. 4. When the main
CPU 143 malfunctions, the sensing signals inputted from
the outflow circulating liquid temperature sensor TWL
and the pressure sensor PL to the main CPU 143 become
undetectable. In this situation, if the freezing prevention
control is performed based only on the other sensing sig-
nals, the freezing prevention control could be inappropri-
ate, and the circulating liquid may therefore freeze.
Hence, when the main CPU 143 malfunctions, the sub-
CPU 144 performs the freezing prevention control re-
gardless of detection results of the sensors.

[0044] In this situation, the sub-CPU 144 detects the
malfunction of the main CPU 143 based on an error that
occurs in communications with the main CPU 143. If the
sub-CPU 144 detects the malfunction of the main CPU
143, the sub-CPU 144 controls the connection relay RY2
and the connection relay RY (MC) to supply power to the
motor 301, which in turn activates the circulation pump
300.

[0045] To stop the compressor 10, the sub-CPU 144
may perform control for closing the gas valve GV Alter-
natively, an auxiliary CPU 147 may perform that control,
which will be described as an example in the following.
The auxiliary CPU 147 can detect the malfunction of the
main CPU 143 based on an error that occurs in commu-
nications with the main CPU 143. If the auxiliary CPU
147 detects the malfunction of the main CPU 143, the
auxiliary CPU 147 closes the gas valve GV to stop the
compressor 10.

[0046] Next, how the freezing prevention control works
when a sensor input to the main CPU 143 is abnormal
will be described in reference to FIG. 5. An abnormal
sensor input to the main CPU 143 refers to those cases
where the outflow circulating liquid temperature sensor
TWL or the pressure sensor PL outputs no sensing sig-
nals due to a malfunction thereof and those cases where
sensing signals from these sensors are not inputted to
the main CPU 143 due to a broken signal line. In these
cases, if the freezing prevention control is performed
based only onincomplete sensorinputs, the freezing pre-
vention control could again be inappropriate, and the cir-
culating liquid may therefore freeze. Hence, the main
CPU 143 performs the following freezing prevention con-
trol regardless of detection results of the sensors.
[0047] If no sensing signals are inputted from the out-
flow circulating liquid temperature sensor TWL or the
pressure sensor PL to the main CPU 143, the main CPU
143 detects an abnormal sensor input. Upon detecting
the abnormal sensor input, the main CPU 143 controls
the connection relay RY1 to activate the circulation pump
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300 and closes the gas valve GV to stop the compressor
10.

[0048] Next, how the freezing prevention control works
in the occurrence of a malfunction of the sub-CPU 144
will be described in reference to FIG. 6. When the sub-
CPU 144 malfunctions, the sensing signals inputted from
the inflow circulating liquid temperature sensor TWR and
the heat exchanger surface temperature sensor TWS to
the sub-CPU 144 become undetectable. In this situation,
if the freezing prevention control is performed based only
on the other sensing signals, the freezing prevention con-
trol could be inappropriate, and the circulating liquid may
therefore freeze. Hence, when the sub-CPU 144 mal-
functions, the main CPU 143 performs the freezing pre-
vention control regardless of detection results of the sen-
sors.

[0049] In this situation, the main CPU 143 detects the
malfunction of the sub-CPU 144 based on an error that
occurs in communications with the sub-CPU 144. If the
main CPU 143 detects the malfunction of the sub-CPU
144, the main CPU 143 controls the connection relay
RY1 to activate the circulation pump 300 and closes the
gas valve GV to stop the compressor 10.

[0050] Next, how the freezing prevention control works
when a sensor input to the sub-CPU 144 is abnormal will
be described in reference to FIG. 7. An abnormal sensor
input to the sub-CPU 144 refers to those cases where
the inflow circulating liquid temperature sensor TWR or
the heat exchanger surface temperature sensor TWS
outputs no sensing signals due to a malfunction thereof
and those cases where sensing signals from these sen-
sors are not inputted to the sub-CPU 144 due to a broken
signal line. In these cases, if the freezing prevention con-
trolis performed based only onincomplete sensor inputs,
the freezing prevention control could again be inappro-
priate, and the circulating liquid may therefore freeze.
Hence, the main CPU 143 performs the following freezing
prevention control regardless of detection results of the
Sensors.

[0051] If the sensing signals from the inflow circulating
liquid temperature sensor TWR or the heat exchanger
surface temperature sensor TWS are not inputted to the
sub-CPU 144, these sensing signals are not inputted to
the main CPU 143 either. The main CPU 143 thus detects
an abnormal sensor input. Upon detecting the abnormal
sensor input, the main CPU 143 controls the connection
relay RY1 to activate the circulation pump 300 and closes
the gas valve GV to stop the compressor 10.

[0052] In addition, the chiller 100 in accordance with
the present embodiment has a function to detect, at the
start-up thereof, a malfunction of the inflow circulating
liquid temperature sensor TWR, the outflow circulating
liquid temperature sensor TWL, the heat exchanger sur-
face temperature sensor TWS, and the pressure sensor
PL. This sensor malfunction detection operation will be
described in reference to FIG. 8. At the start-up of the
chiller 100, the control device 140 performs the process
shown in the flow chart of FIG. 8 to detect a sensor mal-
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function.

[0053] At the start-up of the chiller 100, the control de-
vice 140 first performs the malfunction detection on the
outflow circulating liquid temperature sensor TWL and
the pressure sensor PL (step 1). Specifically, the control
device 140 has a self-check function to detect abnormal-
ities in the signals per se received by the main CPU 143
from the outflow circulating liquid temperature sensor
TWL and the pressure sensor PL. In this situation, a mal-
function of the outflow circulating liquid temperature sen-
sor TWL and the pressure sensor PL are detected by the
main CPU 143. This malfunction detection can be done,
for example, by checking whether or not the outflow cir-
culating liquid temperature sensor TWL and the pressure
sensor PL output any detection signals or whether or not
signal values are within a specified range. Specifically,
a sensor can be determined to be malfunctioning if the
sensor outputs no detection signal or outputs a signal
that is outside a specified range. If the outflow circulating
liquid temperature sensor TWL and the pressure sensor
PL are operating normally (YES in step 1), the process
proceeds to step 2. If the outflow circulating liquid tem-
perature sensor TWL or the pressure sensor PL is mal-
functioning (YES in step 1), the process proceeds to step
5. The compressor 10 is not driven until the sensor mal-
function detection operation is completed.

[0054] In step 2, the control device 140 obtains detec-
tion temperatures, one from each of the inflow circulating
liquid temperature sensor TWR, the outflow circulating
liquid temperature sensor TWL, and the heat exchanger
surface temperature sensor TWS.

[0055] Next, the control device 140 determines a dif-
ference between the detection temperature obtained
from the inflow circulating liquid temperature sensor TWR
and the detection temperature obtained from the outflow
circulating liquid temperature sensor TWL and then de-
termines whether or not this detection temperature dif-
ference has an absolute value greater than or equal to a
first predetermined value (e.g., 2.0°C) (step 3). The dif-
ference between the detection temperature obtained
from the inflow circulating liquid temperature sensor TWR
and the detection temperature obtained from the outflow
circulating liquid temperature sensor TWL should be al-
most zero immediately after the start-up of the chiller 100
because the circulating liquid is yet to be cooled or heat-
ed. Accordingly, if this detection temperature difference
is greater than or equal to the predetermined temperature
in step 3 (YES in step 3), it is determined that the inflow
circulating liquid temperature sensor TWR is malfunc-
tioning, and the process proceeds to step 5.

[0056] If the detection temperature difference is less
than 2.0 in step 3 (NO in step 3), the control device 140
determines a difference between the detection temper-
ature obtained from the outflow circulating liquid temper-
ature sensor TWL and the detection temperature ob-
tained from the heat exchanger surface temperature sen-
sor TWS and then determines whether or not this detec-
tion temperature difference has an absolute value greater
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than or equal to a second predetermined value (> the
first predetermined value; for example, 3.0°C) (step 4).
If this detection temperature difference is greater than or
equal to the predetermined temperature in step 4 (YES
in step 4), itis determined that the heatexchanger surface
temperature sensor TWS is malfunctioning, and the proc-
ess proceeds to step 5.

[0057] In step 5, the control device 140 closes the gas
valve GV to stop the compressor 10 (i.e., the compressor
10 does not start to be driven), activates the circulation
pump 300, and produces an alarm alerting to the sensor
malfunction. Meanwhile, if the detection temperature dif-
ference is less than the predetermined temperature in
step 4 (NO in step 4), the process proceeds to step 6
where the chiller 100 is activated because all the sensors
are operating normally.

[0058] The temperature sensors are checked for any
malfunctions in this manner before the compressor 10 is
driven, which enhances the reliability of the freeze-pre-
venting detection.

[0059] The present invention may be implemented in
various forms without departing from its spirit and main
features. Therefore, the aforementioned examples are
for illustrative purposes only in every respect and should
not be subjected to any restrictive interpretations. The
scope of the present invention is defined only by the
claims and never bound by the specification. Those mod-
ifications and variations that may lead to equivalents of
claimed elements are all included within the scope of the
invention.

[0060] This application hereby claims priority to Patent
Application No. 2014-129484 filed in Japan on June 24,
2014, the entire contents of which are hereby incorpo-
rated herein by reference.

Reference Signs List

[0061]

10 Compressor

20 Refrigerant-Air Heat Exchanger

30 Refrigerant-Air Heat Exchanger Fan

40 Expansion Valve

50 Refrigerant-Circulating Liquid Heat Ex-
changer

60 Engine

100 Heat Pump Type Chiller

110 Refrigerant Circuit

140 Control Device

143 Main CPU (First Controller)

144 Sub-CPU (Second Controller)

147 Auxiliary CPU

200 Circulating Liquid Circuit

211 Inflow Tube

212 Outflow Tube

300 Circulation Pump

TWR Inflow Circulating Liquid Temperature Sen-

sor
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TWL Outflow Circulating Liquid Temperature
Sensor

TWS Heat Exchanger Surface Temperature Sen-
sor

PL Pressure Sensor

GV Gas Valve

RY1 Connection Relay (First Connection Relay)

RY2 Connection Relay (Second Connection Re-
lay)

RY (MC) Connection Relay (Second Connection Re-
lay)

Claims

1. A heat pump type chiller comprising:

a compressor for sucking and exhausting a re-
frigerant;

a refrigerant-air heat exchanger;

an expansion valve;

a refrigerant-circulating liquid heat exchanger
for exchanging heat between a circulating liquid
and the refrigerant; and

a circulation pump provided in a flow path for
the circulating liquid,

the heat pump type chiller further comprising:

a temperature sensor provided at a circu-
lating liquid inlet port of the refrigerant-cir-
culating liquid heat exchanger;

a temperature sensor provided at a circu-
lating liquid outlet port of the refrigerant-cir-
culating liquid heat exchanger;
atemperature sensor provided on a surface
portion of the refrigerant-circulating liquid
heat exchanger; and

a pressure sensor provided in a refrigerant
suction path of the compressor,

wherein when it is detected that any one of
temperatures detected by the three temper-
ature sensors and a refrigerant evaporation
temperature calculated by converting a
pressure detected by the pressure sensor
is less than orequalto apredetermined tem-
perature, the compressor is stopped, and
the circulation pump is activated.

2. The heat pump type chiller according to claim 1,
wherein a plurality of controllers receives sensing
signals from the three temperature sensors and the
pressure sensor in a distributed manner.

3. The heat pump type chiller according to claim 2,
wherein a first controller receives signals from the
temperature sensor provided at the circulating liquid
inlet port of the refrigerant-circulating liquid heat ex-
changer and the pressure sensor provided in the re-
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frigerant suction path of the compressor, and a sec-
ond controller receives signals from the temperature
sensors provided at the circulating liquid outlet port
and on the surface portion of the refrigerant-circulat-
ing liquid heat exchanger,

wherein the first controller has a function to detect
an abnormality in a received signal per se,

wherein at start-up of the chiller, the circulation pump
is activated before the compressor is driven,
wherein when it is detected, before the compressor
starts to be driven after activation of the circulation
pump, either that a temperature difference between
the temperature detected by the temperature sensor
provided at the circulating liquid inlet port of the re-
frigerant-circulating liquid heat exchanger and the
temperature detected by the temperature sensor
provided at the circulating liquid outlet port of the
refrigerant-circulating liquid heat exchanger has an
absolute value greater than or equal to a first prede-
termined value or that a temperature difference be-
tween the temperature detected by the temperature
sensor provided at the circulating liquid inlet port of
the refrigerant-circulating liquid heat exchanger and
the temperature detected by the temperature sensor
provided on the surface portion of the refrigerant-
circulating liquid heat exchanger has an absolute val-
ue greater than or equal to a second predetermined
value that is greater than the first predetermined val-
ue, the compressor stops being driven.

The heat pump type chiller according to claim 2,
wherein a first controller receives signals from the
temperature sensor provided at the circulating liquid
inlet port of the refrigerant-circulating liquid heat ex-
changer and the pressure sensor provided in the re-
frigerant suction path of the compressor, and a sec-
ond controller receives signals from the temperature
sensors provided at the circulating liquid outlet port
and on the surface portion of the refrigerant-circulat-
ing liquid heat exchanger,

wherein the heat pump type chiller further comprises:

a first connection relay provided between the
circulation pump and a power supply, the first
connection relay opened and closed by the first
controller, and

asecond connection relay provided between the
circulation pump and the power supply, the sec-
ond connection relay opened and closed by the
second controller,

the first connection relay and the second con-
nection relay provided in parallel with each oth-
er.
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