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(54) HEAT PUMP DEVICE

(57) A heat pump apparatus that can easily prevent erant flows and from which the refrigerant that flowed in
noise generated during partial-load operation is provid- flows out to the centrifugal compressor (6); a sound-in-
ed. The heat pump apparatus includes a centrifugal com- sulating member (51) configured to cover the container
pressor (6) configured to compress a refrigerant; a con- (5) and prevent sound generated inside the container (5)
denser (2) configured to condense the compressed re- from leaking outside; a bypass channel (8) configured to
frigerant; an expansion valve (3) configured to adiabati- guide part of the refrigerant from an area between the
cally expand the condensed refrigerant; an evaporator centrifugal compressor (6) and the condenser (2) to the
(4) configured to vaporize the adiabatically-expanded re- container (5); and a flow control valve (9) configured to
frigerant; a container (5) into which the vaporized refrig- control the flow rate of the refrigerant flowing through the

bypass channel (8).
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Description
{Technical Field}

[0001] The present invention relates to a heat pump
apparatus and, more specifically, relates to a heat pump
apparatus using a centrifugal chiller.

{Background Art}

[0002] In general, features of heat pump apparatuses
using centrifugal chillers are their high operating efficien-
cy during rated operation and quietness, with a low level
of noise.

[0003] However, centrifugal compressors used in cen-
trifugal chillers are known to enter a state known as surg-
ing in which stable operation cannot be carried out when
the compressor is operating at a specific level of perform-
ance, i.e., with an air volume smaller than a specific value,
due to the characteristics of the compressor. When the
heat pump apparatus is operated in a partial-load state
to prevent the occurrence of surging, operation at a con-
dition below the lower limit of the capacity at which surg-
ing does not occur at the centrifugal compressor (which
is a condition at which surging occurs) can be carried
out, the air volume for the lower limit must be ensured at
the centrifugal compressor by bypassing part of the re-
frigerant discharged from the centrifugal compressor di-
rectly to the suction side of the centrifugal compressor.

[0004] In this way, the occurrence of surging can be
prevented at the centrifugal compressor, and the heat
pump apparatus can operate according to the required
partial-load (for example, refer to PTL 1).

{Citation List}
{Patent Literature}

[0005] {PTL 1} Japanese Unexamined Patent Appli-
cation, Publication No. 2006-284034

{Summary of Invention}
{Technical Problem}

[0006] When such partial-load operation is carried out,
the high-temperature, high-pressure refrigerant dis-
charged from the centrifugal compressor flows through
a bypass channel into a low-pressure pipe connected to
the suction side of the centrifugal compressor or an evap-
orator. At this time, there is a problem that significant
noise is generated.

[0007] When the evaporator is a plate-type heat ex-
changer, the bypass pipe is directly returned in a T-shape
to the suction pipe of the centrifugal compressor. When
a high-pressure refrigerant flows into a pipe whose inter-
nal pressure is low (low-pressure pipe), such as a suction
pipe, the high-pressure refrigerant suddenly expands.
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Consequently, there is a problem in that the flow rate of
the refrigerant inside the low-pressure pipe increases,
and noise generated when the refrigerant strikes the wall
of the merging pipe increases.

There is a problem in that, since the level of such noise
and vibration is significantly high, a satisfactory sound-
insulating effect cannot be achieved even when sound-
insulating is carried out.

[0008] On the other hand, when the evaporator is a
shell-and-tube type heat exchanger and part of the re-
frigerant discharged from the centrifugal compressor is
directly returned to the evaporator, the noise generated
when inflow refrigerant gas strikes the inner surface of
the evaporator is lowered since the size of the evaporator
is sufficiently large and the flow rate of the refrigerant is
sufficiently reduced. However, since the fluid noise of the
refrigerant gas resonates in the evaporator, the evapo-
rator itself becomes a noise source. Therefore, the entire
evaporator needs to be covered to prevent noise gener-
ated in such a manner, and thus, the cost of sound-insu-
lating increases.

[0009] The present invention has been conceived in
light of the problems described above, and an object
thereof is to provide a heat pump apparatus that easily
prevents noise generated during partial-load operation.

{Solution to Problem}

[0010] The presentinvention provides the following so-
lutions to achieve the object described above.

The heat pump apparatus according to an aspect of the
present invention includes a centrifugal compressor con-
figured to compress a refrigerant; a condenser config-
ured to condense the compressed refrigerant; an expan-
sion valve configured to adiabatically expand the con-
densed refrigerant; an evaporator configured to vaporize
the adiabatically-expanded refrigerant; a container into
which the vaporized refrigerant flows and from which the
refrigerant that has flowed in flows out to the centrifugal
compressor; a sound-insulating member configured to
cover the container and prevent sound generated inside
the container from leaking outside; a bypass channel
configured to guide part of the refrigerant from an area
between the centrifugal compressor and the condenser
to the container; and a flow control valve configured to
control the flow rate of the refrigerant flowing through the
bypass channel.

[0011] According to an aspect of the presentinvention,
when the heat pump apparatus carries out partial-load
operation and part of the refrigerant discharged from the
centrifugal compressor is guided through the bypass
channel to the container, the sound generated when the
refrigerant flows into the container can be prevented.
[0012] That s, since part of the bypassed refrigerant
flows into the container of which the periphery is covered
with the sound-insulating member, the sound generated
when the bypassed refrigerant flows in can be easily pre-
vented from leaking outside.
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[0013] Forexample, when part of the bypassed refrig-
erant flows into the shell-and-tube type evaporator, the
area to be covered with the sound-insulating member
can be reduced compared with that of a method covering
the entire evaporator with the sound-insulating member,
and, thus, sound-insulating can be easily achieved.
[0014] Furthermore, compared with when part of the
bypassed refrigerant directly flows into a pipe connecting
the evaporator and the centrifugal compressor, the sound
generated when the bypassed refrigerant merges can be
reduced by letting the bypassed refrigerant flow into the
container having a cross-sectional area larger than that
of the bypass channel.

[0015] In the above-described aspect, it is desirable
that a silencing part configured to prevent the generation
of sound due to an inflow refrigerant be provided in an
area of the container where the refrigerant flows in from
the bypass channel.

[0016] According to the configuration described
above, since the silencing part is provided, the noise gen-
erated when the bypassed refrigerant flows into the con-
tainer can be further reduced.

An example of the silencing part is a cylindrical member
through which the bypassed refrigerant flows, protruding
inward from the container, and a plurality of through-
holes may be formed in the sidewall of the cylinder.
[0017] In the above-described aspect, it is desirable
that the container have a substantially cylindrical shape
with both ends closed, and the cross-sectional diameter
of the substantially cylindrical shape be approximately
ten times or more larger than the cross-sectional diam-
eter of the bypass channel.

[0018] According to the above-described configura-
tion, by setting the cross-sectional diameter of the con-
tainer at least ten times larger than that of the bypass
channel, the sound generated when the bypassed refrig-
erant flows into the container can be more reliably pre-
vented from leaking outside.

{Advantageous Effects of Invention}

[0019] The heat pump apparatus according to the
present invention is advantageous in that, since part of
the refrigerant discharged from the centrifugal compres-
soris guided to the containerthrough the bypass channel,
noise generated during partial-load operation can be eas-
ily prevented.

{Brief Description of Drawings}

[0020]

{Fig. 1}

Fig. 1 is a schematic view of the circuit configuration
of the heat pump apparatus according to an embod-
iment of the present invention.

{Fig. 2}

Fig. 2 is a front view of the internal arrangement of
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the heat pump apparatus illustrated in Fig. 1.

{Fig. 3}

Fig. 3 is aright side view of the internal arrangement
of the heat pump apparatus illustrated in Fig. 2.
{Fig. 4}

Fig. 4 is a schematic view of a connecting part be-
tween a sound-insulating tank and a bypass channel.

{Description of Embodiments}

[0021] Aheat pump apparatus according to an embod-
iment of the present invention will be described below
with reference to Figs. 1 to 4.

Fig. 1 is a schematic view of the circuit configuration of
the heat pump apparatus according to this embodiment.
A heat pump apparatus 1 is a substantially rectangular
cuboid and receives heat-source water to supply warm
water.

As illustrated in Fig. 1, the heat pump apparatus 1 is
mainly constituted of a condenser 2, an expansion valve
3, an evaporator 4, a sound-insulating tank (container)
5, a centrifugal compressor 6, an inverter 7, a bypass
channel 8, and a flow control valve 9.

[0022] Fig.2is afrontview of the internal arrangement
of the heat pump apparatus illustrated in Fig. 1. Fig. 3 is
a right side view of the internal arrangement of the heat
pump apparatus illustrated in Fig. 2.

[0023] Thecondenser2is aplate-type heatexchanger
formed in a substantially rectangular cuboid shape and
cools and condenses a high-temperature, high-pressure
refrigerant discharged from the centrifugal compressor
6. That is, the condenser 2 performs heat exchange be-
tween the refrigerant and warm water, liquefies the re-
frigerant, and heats the warm water. One of the ends of
the condenser 2 is connected to a discharge part of the
centrifugal compressor 6 via an oil-mist separating tank
12 in such a manner that the refrigerant can flow there-
from, and the other end is connected to the expansion
valve 3 via an economizer 10 in such a manner that the
refrigerant can flow thereto.

[0024] As illustrated in Fig. 3, the condenser 2 is dis-
posed in parallel with the evaporator 4.

On one of the side surfaces at one end of the condenser
2, a warm-water inlet 21 into which warm water flows
before being heated by the condenser 2 is provided in
the bottom area, and a warm-water outlet 22 from which
warm water flows out after being heated by the condenser
2 is provided in the top area.

[0025] The economizer 10 is a heat exchanger that is
formed in a substantially cylindrical shape and further
cools the refrigerant that has flowed out from the con-
denser 2. One of the ends of the economizer 10 is con-
nected to the condenser 2 in such a manner that the
refrigerant can flow therefrom, and the other end is con-
nected to the expansion valve 3 in such a manner that
the refrigerant can flow thereto.

[0026] This embodiment will be described as applied
to an example in which heat exchange is performed at
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the economizer 10 between a low-temperature, low-
pressure refrigerant acquired by adiabatically expanding
part of the refrigerant that has flowed from the condenser
2 and a refrigerant supplied to the expansion valve 3. In
this case, the refrigerant used for cooling the expansion
valve 3 flows into the centrifugal compressor 6.

The configuration of the economizer 10 is not particularly
limited, and a known configuration thereof may be em-
ployed.

[0027] The expansion valve 3 adiabatically expands
the refrigerant supplied to the condenser 2 via the econ-
omizer 10 and reduces the pressure of the refrigerant.
One of the ends of the expansion valve 3 is connected
to the economizer 10in such a manner that the refrigerant
can flow therefrom, and the other end is connected to
the evaporator 4 in such a manner that the refrigerant
can flow thereto.

Here, the expansion valve 3 is not particularly limited,
and any known one may be used.

[0028] The evaporator 4 is a plate-type heat exchang-
er that is formed in a substantially rectangular cuboid
shape and evaporates the refrigerant adiabatically ex-
panded by the expansion valve 3. That is, the evaporator
4 applies heat from the heat-source water to the refrig-
erant and vaporizes the refrigerant by performing heat
exchange between the refrigerant and the heat-source
water. One of the ends of the evaporator 4 is connected
to the expansion valve 3 in such a manner that the re-
frigerant can flow therefrom, and the other end is con-
nected to a suction part of the centrifugal compressor 6
via a sound-insulating tank 5.

[0029] On one of the side surfaces at one end of the
evaporator 4, a heat-source-water inlet 41 in to which
heat-source water flows before heat is absorbed there-
from by the evaporator 4 is provided in the top area, and
a heat-source-water outlet 42 from which heat-source
water flows out after heat is absorbed therefrom by the
evaporator 4 is provided in the bottom area.

[0030] A control panel 11 has a collection of operating
devices, etc. for controlling various types of equipment
in the heat pump apparatus 1 and has a substantially
rectangular cuboid case that accommodates the operat-
ing devices, etc.

[0031] The sound-insulating tank 5 is a container
formed in a substantially cylindrical shape that receives
the refrigerant from the bypass channel 8 and prevents
sound generated when the refrigerant flows in from the
bypass channel 8 from leaking outside. Furthermore, the
sound-insulating tank 5 receives the refrigerant from the
evaporator 4 and functions as an accumulator that sends
gas refrigerant to the centrifugal compressor 6.

[0032] A sound-insulating member 51, which is made
of a sound absorbent material, is disposed around the
sound-insulating tank 5.

The sound absorbent material, constituting the sound-
insulating member 51 is not particularly limited, and any
known sound absorbent material may be used.

[0033] One of the ends of the sound-insulating tank 5
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is connected to the evaporator 4 in such a manner that
the refrigerant can flow therefrom, and the other end is
connected to the centrifugal compressor 6 in such a man-
ner that the refrigerant can flow thereto. Furthermore, the
sound-insulating tank 5 is connected to an end of the
bypass channel 8 in such a manner that the refrigerant
can flow.

The sound-insulating tank 5 is not particularly limited,
and any known one may be used.

[0034] The centrifugal compressor 6 takes in the re-
frigerant vaporized at the evaporator 4 through the
sound-insulating tank 5 and discharges the refrigerant,
after compression, to the condenser 2 through the oil-
mist separating tank 12. The suction part of the centrif-
ugal compressor 6 to which the refrigerant flows in is
connected to the evaporator 4 via the sound-insulating
tank 5, and the discharge part from which the refrigerant
flows out is connected to the condenser 2 via the oil-mist
separating tank 12.

[0035] The centrifugal compressor 6 is integrated with
an electric motor 61 that supplies a rotational driving force
and a suction vane 62 that controls the amount of air
intake. The electric motor 61 is rotationally driven by elec-
trical power supplied from the inverter 7 such that the
rotational speed is controlled.

The suction vane 62 is mounted on a compressor intake
part to increase or decrease the amount of refrigerant
gas taken in by the compressor by changing the degree
of opening.

The centrifugal compressor 6, the electric motor 61, and
the suction vane 62 are not particularly limited, and any
known ones may be used.

[0036] The inverter 7 supplies electrical power to the
electric motor 61, and also controls the rotational speed
of the electric motor 61, and has a case that is substan-
tially rectangular cuboid.

The inverter 7 is not particularly limited, and any known
one may be used.

[0037] The oil-mist separating tank 12 formed in a sub-
stantially cylindrical shape separates lubricants con-
tained in the refrigerant discharged from the centrifugal
compressor 6 and lubricant mist from the refrigerant. One
ofthe ends of the oil-mist separating tank 12 is connected
to the discharge part of the centrifugal compressor 6 in
such a manner that the refrigerant can flow therefrom,
and the other end is connected to the condenser 2.
Furthermore, the oil-mist separating tank 12 supplies the
lubricant separated from the refrigerant to an oil tank 13.
Here, the oil-mist separating tank 12 is not particularly
limited, and any known one may be used.

[0038] The oil tank 13, formed in a substantially cylin-
drical shape retains the lubricant used for lubricating the
centrifugal compressor 6, and also supplies the lubricant
to the centrifugal compressor 6, and receives the lubri-
cant discharged from the centrifugal compressor 6. The
oil tank 13 is connected to the centrifugal compressor 6
such that the lubricant can be supplied to and received
from the centrifugal compressor 6 and such that the lu-
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bricant is supplied from the oil-mist separating tank 12.
[0039] The bypass channel 8 is a channel that directly
sends part of the refrigerant discharged from the centrif-
ugal compressor 6 to the sound-insulating tank 5 during
partial-load operation of the heat pump apparatus 1. Itis
desirable that the cross-sectional diameter of the bypass
channel 8 be at least ten times larger than that of the
cross-sectional diameter of the sound-insulating tank 5.
[0040] As illustrated in Fig. 1, one of the ends of the
bypass channel 8 is connected to the channel connecting
the oil-mist separating tank 12 and the condenser 2, and
the other end is connected to the sound-insulating tank 5.
Furthermore, a silencing part 81 shaped such that the
bypass channel 8 protrudes inward from the sound-insu-
lating tank 5 is provided in the area where the bypass
channel 8 is connected to the sound-insulating tank 5.
[0041] Fig. 4 is aschematic view of the connecting part
between the sound-insulating tank 5 and the bypass
channel 8.

Asiillustrated in Fig. 4, the silencing part 81 is a cylindrical
member extending inward from the inner surface of the
sound-insulating tank 5 and suppresses sound generat-
ed when the refrigerant flows into the sound-insulating
tank 5 from the bypass channel 8.

A plurality of through-holes 82 is formed in the side sur-
face of the silencing part 81.

[0042] As illustrated in Fig. 1, the flow control valve 9
is a valve that controls the flow of the refrigerant in the
bypass channel 8.

For example, during rated operation of the heat pump
apparatus 1, the flow control valve 9 is closed. In contrast,
during partial-load operation of the heat pump apparatus
1, the flow control valve 9 is open, and part of the refrig-
erant discharged from the centrifugal compressor 6 is
guided through the bypass channel 8 to the sound-insu-
lating tank 5.

[0043] Next, warm water supply during rated operation
of the heat pump apparatus 1, having the above-de-
scribed configuration, will be described with reference to
Fig. 1, etc.

[0044] When warm water is supplied from the heat
pump apparatus 1, electrical power is supplied from an
external unit to the inverter 7 to rotationally drive the elec-
tric motor 61 with the inverter 7, and the centrifugal com-
pressor 6 compresses the refrigerant.

[0045] The high-temperature, high-pressure gas re-
frigerant compressed by the centrifugal compressor 6 is
discharged from the discharge part of the centrifugal
compressor 6 and flows into the oil-mist separating tank
12. At the oil-mist separating tank 12, lubricant mist con-
tained in the refrigerant is separated from the refrigerant.
The lubricant mist separated from the refrigerant flows
out from the oil-mist separating tank 12 into the condens-
er2.

[0046] Atthecondenser2, heatexchangeis performed
between the high-temperature refrigerant and warm wa-
ter supplied from an external unit. The high-temperature
refrigerant is condensed and liquefied by releasing heat
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to the warm water. On the other hand, the warm water
absorbs heat from the high-temperature refrigerant, is
subjected to a temperature rise, and flows out from the
condenser 2 into an external unit.

[0047] The refrigerant liquefied at the condenser 2
flows out from the condenser 2 into the economizer 10.
Part of the inflow refrigerant branches off at the econo-
mizer 10, and a low-temperature, low-pressure refriger-
antis generated through adiabatic expansion. Then, heat
exchange is performed between the branched-off low-
temperature refrigerant and the remaining refrigerant to
further cool the remaining refrigerant.

After the branched-off refrigerant is used to cool the re-
maining refrigerant, it flows into the suction part of the
centrifugal compressor 6.

[0048] The refrigerant cooled by the economizer 10
flows to the expansion valve 3 and is adiabatically ex-
panded to a low-temperature, low-pressure liquid refrig-
erant while passing through the expansion valve 3. The
adiabatically-expanded refrigerant flows into the evapo-
rator 4.

[0049] At the evaporator 4, heat exchange is per-
formed between the low-temperature refrigerant and
heat-source water supplied from an external unit. The
low-temperature refrigerant is vaporized to gas by ab-
sorbing heat from the heat-source water. In contrast, the
heat-source water becomes heat-source water with a re-
duced temperature by releasing heat to the low-temper-
ature refrigerant and flows out from the evaporator 4.
[0050] The vaporized gas refrigerant flows out from
the evaporator 4 into the sound-insulating tank 5. At the
sound-insulating tank 5, the liquid refrigerant that has
flowed out from the evaporator 4 together with the gas
refrigerant is separated from the gas refrigerant, and only
the gas refrigerant flows out from the sound-insulating
tank 5.

[0051] The gas refrigerant from which the liquid refrig-
erant has been separated at the sound-insulating tank 5
flows into the suction part of the centrifugal compressor
6, is compressed at the centrifugal compressor 6, and is
discharged from the discharge part of the centrifugal
compressor 6 again as a high-pressure refrigerant, and
the cycle described above is repeated.

[0052] Next, the heat pump apparatus 1 in a state in
which partial-load operation is carried out will be de-
scribed.

First, when the load associated with the heat pump ap-
paratus 1 is reduced, the rotational speed of the electric
motor 61 is reduced by the inverter 7, and the airflow
capacity of the centrifugal compressor 6 is reduced by
closing the suction vane 62. Here, the airflow capacity of
the centrifugal compressor 6 is reduced in such a manner
that the operational point associated with the centrifugal
compressor 6 does not enter the surging region.

[0053] When the load associated with the heat pump
apparatus 1 isreduced even more, the closed flow control
valve 9 opens. As a result, part of the refrigerant that has
been discharged from the centrifugal compressor 6 and



9 EP 2 416 094 A1 10

that has flown into the condenser 2 through the oil-mist
separating tank 12 flows into the bypass channel 8. The
refrigerant that flowed into the bypass channel 8 flows
into the sound-insulating tank 5 and merges with the re-
frigerant from the evaporator 4.

[0054] Accordingly, the flow rate of the refrigerant flow-
ing into the condenser 2 and the evaporator 4 is reduced
even more to reduce the load associated with the heat
pump apparatus 1 even more.

[0055] With the configuration described above, partial-
load operation of the heat pump apparatus 1 is carried
out, and part of the refrigerant discharged from the cen-
trifugal compressor 6 is guided through the bypass chan-
nel 8 to the sound-insulating tank 5 covered with the
sound-insulating member 51 so as to easily prevent
sound that is generated when the bypassed refrigerant
flows into the sound-insulating tank 5 from leaking out-
side.

[0056] For example, when part of the bypassed refrig-
erant flows into a shell-and-tube type evaporator, the ar-
ea that needs to be covered by the sound-insulating
member 51 is small compared with that of a method of
covering the entire evaporator with the sound-insulating
member 51. Therefore, sound can be easily prevented.
[0057] Furthermore, compared with when part of the
bypassed refrigerant directly flows into the pipe connect-
ing the evaporator 4 and the centrifugal compressor 6,
when the bypassed refrigerant flows into the sound-in-
sulatingtank 5 having a cross-sectional area greater than
that of the bypass channel 8, the sound generated when
the bypassed refrigerant merges can be reduced.
[0058] Furthermore, since the silencing part 81 is dis-
posed in the area where the bypassed refrigerant flows
into the sound-insulating tank 5, the noise generated
when the bypassed refrigerant flows into the sound-in-
sulating tank 5 can be reduced even more.

[0059] Since the cross-sectional diameter of the
sound-insulating tank 5 is at least ten times larger than
that of the bypass channel 8, sound generated when the
bypassed refrigerant flows into the sound-insulating tank
5 can be even more reliably prevented from leaking out-
side.

{Reference Signs List}

[0060]

1 heat pump apparatus

2 condenser

3 expansion valve

4 evaporator

5 sound-insulating tank (container)

6 centrifugal compressor

10

15

20

25

30

35

40

45

50

55

7 inverter

8 bypass channel

9 flow control valve

51  sound-insulating member

81  silencing part

Claims

1. A heat pump apparatus comprising:

a centrifugal compressor configured to com-
press a refrigerant;

a condenser configured to condense the com-
pressed refrigerant;

an expansion valve configured to adiabatically
expand the condensed refrigerant;

an evaporator configured to vaporize the adia-
batically-expanded refrigerant;

a container into which the vaporized refrigerant
flows and from which the flown-in refrigerant
flows out to the centrifugal compressor;

a sound-insulating member configured to cover
the container and prevent sound generated in-
side the container from leaking outside;

a bypass channel configured to guide part of the
refrigerant from an area between the centrifugal
compressor and the condenser to the container;
and

a flow control valve configured to control the flow
rate of the refrigerant flowing through the bypass
channel.

2. The heat pump apparatus according to Claim 1,
wherein a silencing part configured to prevent the
generation of sound due to the refrigerant flowing in
is provided in an area of the container where the
refrigerant flows in from the bypass channel.

3. The heat pump apparatus according to Claim 1,

wherein the container has a substantially cylindrical
shape with both ends closed, and

wherein the cross-sectional diameter of the substan-
tially cylindrical shape is approximately ten times or
more larger than the cross-sectional diameter of the
bypass channel.
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