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(57) A heat pump unit (200) includes: a circulation
passageway (210) through which a heat medium circu-
lates; a compressor (230) which includes an accommo-
dation space (R) accommodating lubricating oil to be sup-
plied to a compression mechanism (232, 234) and which
increases the temperature of the heat medium by adia-
batically compressing the heat medium; a condenser
(240) which condenses the heat medium; an expansion
valve (260) which decompresses and expands the heat
medium; an evaporator (220) which evaporates the heat
medium; and a controller (280) which controls drive of
the compressor and the opening degree of the expansion
valve. The controller is adapted to decrease the opening
degree of the expansion valve so that the height of the
liquid surface of the lubricating oil accommodated in the
accommodation space is maintained to be greater than
or equal to a preset threshold, and to stop operation of
the compressor after completely closing the expansion
valve, when receiving instructions to stop compression
operation of the compressor.

HEAT PUMP UNIT AND HEAT PUMP UNIT OPERATION METHOD
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Description
Technical Field

[0001] The present invention relates to a heat pump
unit and a heat pump unit operation method.
[0002] Priority is claimed on Japanese Patent Applica-
tion No. 2013-082117, filed April 10, 2013, the content
of which is incorporated herein by reference.

Background Art

[0003] In the related art, a heat pump unit is known
including a compressor which heats a heat medium by
adiabatically compressing the heat medium circulating
through a circulation passageway, a condenser which
condenses the heat medium by cooling the heat medium
heated by the compressor, an expansion valve which
cools the heatmedium by decompressing and expanding
the heat medium condensed by the condenser, and an
evaporator which evaporates the heat medium by heat-
ing the heat medium cooled by the expansion valve. The
heat pump unit is utilized for various fields such as a
refrigerator, a freezer, an air conditioner, and a water
heater.

[0004] When the operation of the heat pump unit is
stopped, for example, if the drive of the compressor is
stopped without closing the expansion valve, aliquid heat
medium remains in the evaporator. In this case, at the
time the operation of the heat pump unit is started next
time, the liquid heat medium remaining in the evaporator
is imported into the compressor while keeping the liquid
state, and thus a malfunction of the compressor may oc-
cur.

[0005] Accordingly, a technology is disclosed in which
when the operation of a heat pump unit including an ex-
pansion valve capable of being controlled so as to be
opened or closed is stopped, the expansion valve is com-
pletely closed at one time before the drive of a compres-
sor is stopped (for example, refer to Patent Document 1).

Document of Related Art
Patent Document

[0006] [Patent Document 1] Japanese Unexamined
Patent Application, First Publication No. 2001-165511

Summary of Invention
Technical Problem

[0007] Acompression mechanismincluded inthe com-
pressor is supplied with lubricating oil, and in the heat
pump unit, at the time the compressor adiabatically com-
presses a heat medium, the heat medium may dissolve
in the lubricating oil. In this case, if the technology of
Patent Document 1 is used and the expansion valve is
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completely closed at one time in a state where the com-
pressoris being driven, the pressure inside the compres-
sor suddenly decreases, and the heat medium dissolving
in the lubricating oil may bubble.

[0008] If the heat medium bubbles, the seeming vis-
cosity of the lubricating oil decreases, an oil film of the
lubricating oil may not be sufficiently formed in the com-
pression mechanism, wear of the compression mecha-
nism may be advanced, and thus the compressor may
be damaged.

[0009] An object of the present invention is to provide
a heat pump unit and a heat pump unit operation method
which can limit the generation of bubbles of a heat me-
dium contained in lubricating oil at the time the compres-
sor is stopped and thus can prevent damage to the com-
pressor.

Solution to Problem

[0010] In order to solve the above problems, a first as-
pectofthe presentinventionis aheat pump unitincluding:
a circulation passageway through which a heat medium
circulates; a compressor which includes a compression
mechanism and an accommodation space accommodat-
ing lubricating oil to be supplied to the compression
mechanism, and which increases the temperature of the
heat medium by adiabatically compressing the heat me-
dium circulating through the circulation passageway; a
condenser which is provided on a downstream side of
the compressorin the circulation passageway, and which
condenses the heat medium by cooling the heat medium
whose temperature has been increased by the compres-
sor; an expansion valve which is provided on a down-
stream side of the condenser in the circulation passage-
way, and which cools the heat medium by decompress-
ing and expanding the heat medium condensed by the
condenser; an evaporator which is provided on a down-
stream side of the expansion valve in the circulation pas-
sageway, and which evaporates the heat medium by
heating the heat medium cooled by the expansion valve;
and a controller which controls drive of the compressor
and the opening degree of the expansion valve, and
which controls the circulating amount of the heat medium
in the circulation passageway. In addition, the controller
is adapted to decrease the opening degree of the expan-
sion valve so that the height of the liquid surface of the
lubricating oil accommodated in the accommodation
space is maintained to be greater than or equal to a
threshold preset for the compressor, and to stop com-
pression operation on the heat medium by the compres-
sor after blocking inflow of the heat medium into the com-
pressor through the expansion valve by completely clos-
ing the expansion valve, when the controller receives in-
structions to stop the compression operation on the heat
medium by the compressor.

[0011] A second aspect of the presentinvention is that
in the heat pump unit of the first aspect, the controller is
adapted to maintain the height of the liquid surface of the
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lubricating oil accommodated in the accommodation
space to be greater than or equal to the threshold by
decreasing the opening degree of the expansion valve
so that the changing rate of the opening degree of the
expansion valve is maintained to be a predetermined first
value.

[0012] A third aspect of the present invention is that in
the heat pump unit of the first aspect, the controller is
adapted to maintain the height of the liquid surface of the
lubricating oil accommodated in the accommodation
space to be greater than or equal to the threshold by
decreasing the opening degree of the expansion valve
so that the decreasing rate of the pressure of the accom-
modation space is maintained to be a predetermined sec-
ond value.

[0013] A fourth aspect of the present invention is that
in the heat pump unit of any one of the first to third as-
pects, the controller is adapted to continue the compres-
sion operation on the heat medium by the compressor
until the pressure of the accommodation space is less
than a pressure corresponding to a predetermined den-
sity of the heat medium contained in the lubricating oil
after completely closing the expansion valve, and to stop
the compression operation on the heat medium by the
compressor when the pressure of the accommodation
space is less than the pressure corresponding to the pre-
determined density of the heat medium contained in the
lubricating oil.

[0014] In order to solve the above problems, a fifth as-
pectofthe presentinvention is a heat pump unit operation
method used for a heat pump unit, the heat pump unit
including: a circulation passageway through which a heat
medium circulates; a compressor which includes a com-
pression mechanism and an accommodation space ac-
commodating lubricating oil to be supplied to the com-
pression mechanism, and which increases the temper-
ature of the heat medium by adiabatically compressing
the heat medium circulating through the circulation pas-
sageway; a condenser which is provided on a down-
stream side of the compressor in the circulation passage-
way, and which condenses the heat medium by cooling
the heat medium whose temperature has been increased
by the compressor; an expansion valve which is provided
on a downstream side of the condenser in the circulation
passageway, and which cools the heat medium by de-
compressing and expanding the heat medium con-
densed by the condenser; and an evaporator which is
provided on a downstream side of the expansion valve
in the circulation passageway, and which evaporates the
heat medium by heating the heat medium cooled by the
expansion valve. The operation method includes a step
of decreasing the opening degree of the expansion valve
so that the height of the liquid surface of the lubricating
oil accommodated in the accommodation space is main-
tained to be greater than or equal to a threshold preset
for the compressor, and of stopping compression oper-
ation on the heat medium by the compressor after block-
ing inflow of the heat medium into the compressor
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through the expansion valve by completely closing the
expansion valve, based on instructions to stop the com-
pression operation on the heat medium by the compres-
SOr.

Effects of Invention

[0015] According to the presentinvention, itis possible
to limit the generation of bubbles of a heat medium con-
tained in lubricating oil at the time the compressor is
stopped, and thus to prevent damage to the compressor.

Brief Description of Drawings
[0016]

FIG. 1 is a conceptual diagram showing a vacuum
cleaning apparatus.

FIG. 2 is a diagram showing the structure of a com-
pressor.

FIG. 3 is a flowchart showing the flow of processing
of a heat pump unit operation method.

Description of Embodiments

[0017] Hereinafter, preferable embodiments of the
present invention are described in detail with reference
to the attached drawings. Dimensions, materials, other
specific numerical values and the like shown in the em-
bodiments are merely examples which facilitate under-
standing of the present invention and do not limit the
present invention other than a case where a special de-
scription limiting it is provided. Additionally, in the spec-
ification and drawings, components having substantially
the same function and structure are represented by the
same reference sign, and a duplicate description thereof
is omitted. Furthermore, the illustrations of components
not directly relating to the present invention are omitted.
[0018] In the related art, a heat pump unit is provided
in various kinds of electrical equipment such as a refrig-
erator, a freezer, an air conditioner, and a water heater.
Additionally, in recent years, a vacuum cleaning appara-
tus, which cleans a work (processing object) under de-
creased pressure using vapor of a hydrocarbon-based
cleaning agent, has been developed, and the heat pump
unit is also utilized for the vacuum cleaning apparatus.
The work denotes, for example, an industrial product,
and the vacuum cleaning apparatus cleans the work and
removes contamination adhering to the work. In this em-
bodiment, a vacuum cleaning apparatus being an exam-
ple of the apparatus including a heat pump unit is de-
scribed.

(Vacuum Cleaning Apparatus 100)
[0019] FIG. 1is a conceptual diagram (block diagram)

showing a vacuum cleaning apparatus 100. In FIG. 1,
the flow of a hydrocarbon-based cleaning agentis shown
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by arrows of solid lines, the flow of a heat medium is
shown by arrows of dashed lines, and the flow of signals
is shown by arrows of dashed-dotted lines. As shown in
FIG. 1, the vacuum cleaning apparatus 100 includes a
vacuum vessel 104 inside which a cleaning chamber 102
is provided. The vacuum vessel 104 is provided with an
opening (not shown), and the opening is capable of being
opened and closed by an opening and closing door (not
shown). Thus, when a work W is cleaned, the opening
and closing door is opened, the work W is carried into
the cleaning chamber 102 through the opening and is
mounted on a mounting table 108, the opening and clos-
ing door is closed, and the work W is cleaned. Thereatfter,
the opening and closing door is opened again, and the
work W is carried out of the opening.

[0020] The cleaning chamber 102 is provided with a
shower unit 110. In addition, a vapor chamber 150 is
communicated with the shower unit 110 via a vapor sup-
ply pipe 114, a condensing chamber 120, a condensed
cleaning agent supply pipe 122, a cleaning agent reser-
voir 124, and a condensed cleaning agent supply pipe
126 in sequence.

[0021] The cleaning chamber 102 is provided with a
vapor supply unit 130. The vapor supply unit 130 is com-
municated with the vapor chamber 150 via a vapor supply
pipe 114.

[0022] The vaporchamber 150 is provided with a heat-
er 152 and a condenser 240, and generates vapor of a
hydrocarbon-based cleaning agent (hereinafter, merely
referred to as the "vapor") by heating the hydrocarbon-
based cleaning agent (solvent) to, for example, a tem-
perature between about 80 and 140 °C, preferably to
about 120 °C. The vapor generated in the vapor chamber
150 is imported into the condensing chamber 120 via the
vapor supply pipe 114 or is supplied into the cleaning
chamber 102 through the vapor supply unit 130. The va-
por supplied into the cleaning chamber 102 by the vapor
supply unit 130 contacts the work W and thereby is con-
densed. A heating mechanism by the condenser 240 is
described in detail later.

[0023] Although the kind of hydrocarbon-based clean-
ing agent has no special limitation, it is preferable to use
a cleaning agent of third petroleum from the viewpoint of
safety. The hydrocarbon-based cleaning agentincludes,
for example, normal paraffinic, isoparaffinic, napthenic,
and aromatic cleaning agents. Specifically, as a cleaning
agent of third petroleum, it is preferable to use Teclean
N-20, Clean Sol G, Daphne® Solvent or the like, called
a "cleaning solvent".

[0024] The condensing chamber 120 includes an
evaporator 220. The vapor imported into the condensing
chamber 120 is cooled by the evaporator 220 and is con-
densed into the liquid hydrocarbon-based cleaning agent
(hereinafter, merely referred to as the "condensed clean-
ing agent"). The condensed cleaning agent is stored in
the cleaning agent reservoir 124 through the condensed
cleaning agent supply pipe 122, and thereafter is sup-
plied into the cleaning chamber 102 through the con-
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densed cleaning agent supply pipe 126 and the shower
unit 110. A cooling mechanism by the evaporator 220 is
described in detail later.

[0025] The condensed cleaning agent which has
cleaned the work W after being supplied from the shower
unit 110, or the condensed cleaning agent generated by
condensing at the work W, vapor supplied from the vapor
supply unit 130, is again imported into the vapor chamber
150 through a used cleaning agent import pipe 128. The
used cleaning agent imported into the vapor chamber
150is again heated by the heater 152 or by the condenser
240 described above and thereby becomes vapor. In this
way, the cleaning agent circulates through the vapor
chamber 150, the vapor supply pipe 114, the condensing
chamber 120, the condensed cleaning agent supply pipe
122, the cleaning agent reservoir 124, the condensed
cleaning agent supply pipe 126, the shower unit 110, the
cleaning chamber 102, and the used cleaning agent im-
port pipe 128.

[0026] A vacuum pump (not shown) is connected to
the cleaning chamber 102 and to the vapor chamber 150.
In a decompression step before the cleaning of the work
W is started, the vacuum pump vacuums (initially vacu-
ums) the inside of the vacuum vessel 104 (the cleaning
chamber 102) and thereby decreases the pressure of the
inside to a predetermined pressure (for example, 6 kPa).
Furthermore, the cleaning chamber 102 is connected
with a pipe (not shown) used to open the cleaning cham-
ber 102 to the atmosphere. The pipe is provided with an
atmosphere-opening valve capable of blocking the com-
munication between the atmosphere and the cleaning
chamber 102. In a unloading step after a cleaning step
and a drying step of the work W are finished, the atmos-
phere-opening valve opens the cleaning chamber 102 to
the atmosphere and thus returns the internal pressure of
the cleaning chamber 102 to the atmospheric pressure.

(Heat Pump Unit 200)

[0027] A heatpump unit200includes a circulation pas-
sageway 210 (shown by reference numerals 210ato 210f
in FIG. 1), the evaporator 220, a compressor 230, the
condenser 240, an intermediate heat exchanger 250, an
expansion valve 260, a pressure measurement unit 270,
and a controller 280. In the heat pump unit 200, a heat
medium circulates through the circulation passageway
210 as shown by arrows of dashed lines in FIG. 1, and
is again imported into the evaporator 220 from the evap-
orator 220 through the intermediate heat exchanger 250,
the compressor 230, the condenser 240, the intermediate
heat exchanger 250, the expansion valve 260, which are
provided in the circulation passageway 210. In addition,
although the kind of heat medium has no special limita-
tion, it is preferable to use a chlorofluorocarbon-based
heat medium (for example, R-245fa (1,1,1,3,3-Pen-
tafluoropropane)) which is liquid at normal temperature
under the atmospheric pressure and whose latent heat
can be used at the evaporator 220. The normal temper-
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ature is, for example, 25 °C.

[0028] The evaporator 220 is disposed on the down-
stream side of the expansion valve 260 in the circulation
passageway 210. The evaporator 220 performs in the
condensing chamber 120, heat exchange between a
heatmedium and vapor of a hydrocarbon-based cleaning
agentimported from the vapor chamber 150, and thereby
condenses (cools) the vapor into a condensed cleaning
agent, and heats and vaporizes the heat medium. That
is, the heat medium is heated by the evaporator 220, and
thereby becomes gas (shown by reference signs G in
FIG. 1). The heat medium heated by the evaporator 220
is further heated by the intermediate heat exchanger 250.
A heating mechanism by the intermediate heat exchang-
er 250 is described in detail later.

[0029] The compressor 230 is configured of, for exam-
ple, areciprocating compressor, and includes a compres-
sion mechanism and an accommodation space accom-
modating lubricating oil which is supplied to the compres-
sionmechanism. The compressor 230 adiabatically com-
presses the heat medium heated by the intermediate
heat exchanger 250, and thus further heats the heat me-
dium. Thatis, the compressor 230 increases the temper-
ature of the heat medium by adiabatically compressing
the heat medium. The specific configuration of the com-
pressor 230 is described in detail later.

[0030] The condenser 240 is disposed on the down-
stream side of the compressor 230 in the circulation pas-
sageway 210. The condenser 240 performs in the vapor
chamber 150, heat exchange between the heat medium
heated (the temperature of the heat medium has been
increased) by the compressor 230 and a liquid hydrocar-
bon-based cleaning agent, and thereby heats the hydro-
carbon-based cleaning agent and generates vapor of the
hydrocarbon-based cleaning agent, and at the same
time, cools and condenses the heat medium. The heat
medium is cooled by the condenser 240, and thereby
becomes a gas-liquid mixed state (shown by reference
signs G, L in FIG. 1).

[0031] The intermediate heat exchanger 250 performs
heatexchange between the heat medium flowing through
the circulation passageways 210a and 210b (passage-
way between the evaporator 220 and the compressor
230) and the heat medium flowing through the circulation
passageways 210d and 210e (passageway between the
condenser 240 and the expansion valve 260). The heat
medium, which has been heated by the evaporator 220
and flows through the circulation passageway 210a, may
not be completely vaporized and may be a gas-liquid
mixed state. In this case, if the liquid heat medium is
imported into the compressor 230, a malfunction of the
compressor 230 may occur.

[0032] Therefore, in a configuration including the inter-
mediate heat exchanger 250, the heat medium flowing
through the circulation passageway 210a is heated and
the temperature of the heat medium is set to be higher
than the saturation temperature thereof, and thereby the
heat medium imported into the compressor 230 (the heat
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medium flowing through the circulation passageway
210b) can be reliably made to be only gas. Accordingly,
it is possible to avoid a situation where a malfunction of
the compressor 230 occurs.

[0033] The expansion valve 260 is a valve which caus-
es pressure reduction of a fluid, and is provided on the
downstream side of the condenser 240. The expansion
valve 260 further cools the heat medium by decompress-
ing and expanding the heat medium condensed (cooled)
by the condenser 240. The heat medium is cooled by the
expansion valve 260, and thereby becomes liquid (shown
by a reference sign L in FIG. 1). The heat medium cooled
at the expansion valve 260 is again imported into the
evaporator 220 through the circulation passageway 210f.
[0034] The pressure measurement unit 270 measures
the pressure of gas inside the accommodation space (de-
scribed later) of the compressor 230.

[0035] The controller 280 is configured of a semicon-
ductor integrated circuit including a CPU (central
processing unit), reads out a program, parameters or the
like, which are used to operate the CPU, from a ROM,
and manages and controls the entire heat pump unit 200
while working together with a RAM being a work area or
with another electronic circuit. In this embodiment, the
controller 280 controls the drive level (drive) of the com-
pressor 230 and the opening degree of the expansion
valve 260 based on the pressure measured by the pres-
sure measurement unit 270, and thereby controls the cir-
culating amount of the heat medium in the circulation
passageway 210.

[0036] As described above, the heat medium may dis-
solve in the lubricating oil accommodated in the com-
pressor 230. Hereinafter, with reference to FIG. 2, the
operation is described that the heat medium dissolves in
the lubricating oil accommodated in the compressor 230.
[0037] FIG. 2is adiagram showing the structure of the
compressor 230. In FIG. 2, the flow of the heat medium
is shown by arrows of solid lines, the flow of the lubricating
oil is shown by white arrows, and the lubricating oil is
shown by the area filled with gray. As shown in FIG. 2,
pistons (compression mechanism) 232 of the compres-
sor 230 are connected to a drive shaft (compression
mechanism) 234, and when the drive shaft 234 is rota-
tionally driven by a motor (not shown), the pistons 232
reciprocate relative to compression chambers 236 (cyl-
inders). In addition, a drive unit other than the motor may
be used in order to rotationally drive the drive shaft 234.
At the time the piston 232 is positioned in the vicinity of
the bottom dead center thereof, the heat medium is im-
ported into the compression chamber 236 from the cir-
culation passageway 210b through an inlet 238a of the
compressor 230. The heat medium imported into the
compression chamber 236 is compressed through the
compression operation of the piston 232, and thereafter
is sent to the circulation passageway 210c from an outlet
238b at the time the piston 232 is positioned in the vicinity
of the top dead center thereof.

[0038] AsshowninFIG.2,theinside of the compressor
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230 is provided with the accommodation space R which
accommodates the lubricating oil (for example, POE
(polyol ester)), and the lubricating oil accommodated in
the accommodation space R is supplied into an oil pas-
sageway 312 of the drive shaft 234 by a lubricating oil
pump 310. The lubricating oil supplied into the oil pas-
sageway 312 is supplied to the outer circumferential sur-
face of the piston 232 through an oil passageway (not
shown) of the piston 232. In addition, the lubricating oil
accommodated in the accommodation space R is sup-
plied by a spraying portion 320 to the joint between the
piston 232 and the drive shaft 234, or to the outer cir-
cumferential surface of the piston 232 and to the inner
circumferential surface of the compression chamber 236
(cylinder). In this way, the lubricating oil is supplied to the
outer circumferential surface of the piston 232 and to the
inner circumferential surface of the compression cham-
ber 236, and thereby the friction coefficient between the
piston 232 and the compression chamber 236 is de-
creased, and wear of the piston 232 and the compression
chamber 236 is reduced.

[0039] In this way, since the heat medium is imported
into the compression chamber 236 of the heat pump unit
200, and the lubricating oil is supplied to the inner cir-
cumferential surface of the compression chamber 236,
the heat medium may dissolve in the lubricating oil at the
compression chamber 236. In this case, the lubricating
oil, in which the heat medium has dissolved, circulates
through the circulation passageway 210. That is, the
compression operation of the compressor 230 is contin-
ued in a state where the heat medium dissolves in the
lubricating oil.

[0040] As described above, when the operation of the
heat pump unit 200 is stopped, if the drive of the com-
pressor 230 is stopped without closing the expansion
valve 260, the liquid heat medium may remain in the
evaporator 220. In this state, when the operation of the
heat pump unit 200 is started next time, the liquid heat
medium remaining in the evaporator 220 is imported into
the compressor 230 while keeping the liquid state, and
thus a malfunction of the compressor 230 may occur. On
the other hand, when the heat pump unit 200 is stopped,
if the expansion valve 260 is completely closed at one
time in a state where the compressor 230 is driven in
order to prevent the liquid heat medium from remaining
in the evaporator 220, the pressure inside the accommo-
dation space R of the compressor 230 suddenly decreas-
es, the heat medium dissolving in the lubricating oil of
the compressor 230 may bubble, and thus the compres-
sor 230 may be damaged. For example, bubbles of the
heat medium may reach the compression chamber 236.
[0041] Particularly, a heat medium used for the heat
pump unit 200 of the vacuum cleaning apparatus 100
has a characteristic of more easily dissolving in lubricat-
ing oil than another heat medium used for a heat pump
unit of a refrigerator, a freezer, an air conditioner, a water
heater or the like (hereinafter, referred to as the "house-
hold electrical appliances"). Specifically, in order to gen-
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erate vapor of a hydrocarbon-based cleaning agent in
the vacuum cleaning apparatus 100, it is necessary to
heat the hydrocarbon-based cleaning agent to a high
temperature between, for example, about 80 to 140 °C.
Thus, the boiling point of the heat medium used for the
heat pump unit 200 of the vacuum cleaning apparatus
100 is higher than that of the heat medium used for a
heat pump unit of the household electrical appliances or
for a heat pump unit for general industry. For example,
the temperature at a compressor inlet of a heat medium
used for a heat pump unit of the household electrical
appliances is about 30 °C, and the temperature at a com-
pressor outlet thereof is about 60 °C. The temperature
at a compressor inlet of a heat medium used for a heat
pump unit for general industry is about 90 °C, and the
temperature at a compressor outlet thereof is about 110
°C. In contrast, the temperature at the inlet 238a of the
heat medium (the heat medium passing through the cir-
culation passageway 210b) used for the heat pump unit
200 of the vacuum cleaning apparatus 100 is about 100
to 110 °C, and the temperature at the outlet 238b of the
compressor 230 (the temperature of the heat medium
passing through the circulation passageway 210c) is
about 140 °C.

[0042] The heat medium having a comparatively high
boiling point generally has greater solubility in the lubri-
cating oil of the compressor 230 included in the heat
pump unit 200 than that of the heat medium having a
comparatively low boiling point. Specifically, in the heat
medium used for a heat pump unit of the household elec-
trical appliances, only a few percentages thereof dis-
solves in the lubricating oil of the compressor. In contrast,
in the heat medium used for the heat pump unit 200 of
the vacuum cleaning apparatus 100, about 20 percent-
ages thereof may dissolve in the lubricating oil of the
compressor 230. Thus, in the compressor 230 of the heat
pump unit 200 of the vacuum cleaning apparatus 100,
the generation of bubbles of the heat medium thereof
may become remarkable compared to the compressor
of a heat pump unit of the household electrical applianc-
es, and there is a high possibility that the compressor
230 is damaged due to a decrease in height of the liquid
surface LH of the lubricating oil. In addition, since the
generation of bubbles of the heat medium is caused by
evaporation of the liquid heat medium, ifthe heat medium
in the lubricating oil evaporates, the height of the liquid
surface LH of the lubricating oil decreases. If the height
of the liquid surface LH decreases, and the amount of
the lubricating oil cannot be secured which is required
for lubrication of the joint between the piston 232 and the
drive shaft 234 or for lubrication between the outer cir-
cumferential surface of the piston 232 and the inner cir-
cumferential surface of the compression chamber 236,
wear of components may be advanced, and the com-
pressor 230 may be damaged.

[0043] Accordingly, the controller 280 adjusts the
opening degree of the expansion valve 260 when stop-
ping the compressor 230, and thus limits the generation
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of bubbles of the heat medium inside the accommodation
space R of the compressor 230. Hereinafter, stopping
control of the compressor 230 by the controller 280 is
described.

(Stopping Control of Compressor 230)

[0044] When the controller 280 receives instructions
to stop the heat pump unit 200, namely instructions to
stop the compression operation on the heat medium by
the compressor 230, the controller 280 decreases the
opening degree of the expansion valve 260 so that the
height of the liquid surface LH of the lubricating oil ac-
commodated in the accommodation space R of the com-
pressor 230 is not less than a threshold preset for the
compressor 230. That is, the controller 280 decreases
the opening of the expansion valve 260 so that the height
of the liquid surface LH of the lubricating oil accommo-
dated in the accommodation space R is maintained to
be greater than or equal to the threshold preset for the
compressor 230. The threshold preset for the compres-
sor 230 is the lower limit for the height of the liquid surface
of the lubricating oil required for lubrication of the joint
between the piston 232 and the drive shaft 234 or for
lubrication between the outer circumferential surface of
the piston 232 and the inner circumferential surface of
the compression chamber 236. Therefore, if the height
of the liquid surface LH of the lubricating oil is maintained
to be greater than or equal to the threshold, it is possible
to maintain appropriate lubrication on components of the
compressor 230. In addition, the instructions to stop the
heat pump unit 200 may be input into the controller 280
by an operator through an input device or the like, or may
be received from another control device or the like.
[0045] When the controller 280 decreases the opening
degree of the expansion valve 260 so that the height of
the liquid surface LH of the lubricating oil accommodated
in the accommodation space R of the compressor 230
is not less than the threshold preset for the compressor
230, for example, one of the following four methods is
used.

(Opening Adjustment 1 of Expansion Valve 260 by Con-
troller 280)

[0046] The controller 280 decreases the opening de-
gree of the expansion valve 260 so that the changing
rate of the opening degree of the expansion valve 260 is
maintained to be a predetermined first value, and thereby
the height of the liquid surface LH of the lubricating oil
accommodated in the accommodation space R does not
become less than the threshold. In a case where the
opening degree at the time the expansion valve 260 com-
pletely opens is 100%, the first value is, for example, 3%
/ min.
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(Opening Adjustment 2 of Expansion Valve 260 by Con-
troller 280)

[0047] The controller 280 decreases the opening de-
gree of the expansion valve 260 so that the decreasing
rate of the pressure of the accommodation space R
measured by the pressure measurement unit 270 is
maintained to be a predetermined second value, and
thereby the height of the liquid surface LH of the lubri-
cating oil accommodated in the accommodation space
R does not become less than the threshold. The second
value is, for example, a decreasing rate of (10% of the
pressure at the normal operation of the compressor 230)
/ min or less. Thus, in a case where the pressure at the
normal operation of the compressor 230 is, for example,
500 kPa, the second value is 50 kPa / min.

(Opening Adjustment 3 of Expansion Valve 260 by Con-
troller 280)

[0048] The compressor 230 is provided with a liquid
level gauge, and the controller 280 decreases the open-
ing degree of the expansion valve 260 so that the height
of the liquid surface LH of the lubricating oil accommo-
dated in the accommodation space R of the compressor
230is notless than a preset threshold for the compressor
230. The liquid level gauge can be configured of existing
technologies such as an optical sensor and an image-
processing device.

(Opening Adjustment 4 of Expansion Valve 260 by Con-
troller 280)

[0049] The compressor 230 is provided with a device
used to measure a bubble amount (the amount of bubbles
generated through bubbling of the heat medium), and
the controller 280 decreases the opening degree of the
expansion valve 260 so that the amount of bubbles gen-
erated in the accommodation space R of the compressor
230 is not greater than or equal to a predetermined
amount. The predetermined amount is the upper limit for
the bubble amount capable of maintaining lubrication (lu-
brication using lubricating oil) of the joint between the
piston 232 and the drive shaft 234 or lubrication between
the outer circumferential surface of the piston 232 and
the inner circumferential surface of the compression
chamber 236. The device used to measure the bubble
amount can be configured of existing technologies such
as a void fraction meter, an optical sensor, and animage-
processing device.

[0050] The opening degree of the expansion valve 260
is decreased based on the value described in the above
opening adjustments 1 to 4, and thereby it is possible to
prevent the height of the liquid surface LH of the lubri-
cating oil accommodated in the accommodation space
R of the compressor 230 from becoming less than a pre-
set threshold for the compressor 230. In addition, as de-
scribed above, if the bubbling amount (evaporation
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amount) of the heat medium increases, the liquid surface
LH of the lubricating oil declines, and thus they have a
correlation. Therefore, if the height of the liquid surface
LH of the lubricating oil accommodated in the accommo-
dation space R is maintained to be greater than or equal
to the preset threshold, the bubbling amount (the bub-
bling amount per unit time) of the heat medium can be
limited to be less than or equal to a constant value, and
thus it is possible to prevent sudden generation of bub-
bles of the heat medium.

[0051] The pressure in the accommodation space R
can be gradually decreased before the drive of the com-
pressor 230 is stopped, and it is possible to limit the gen-
eration of bubbles of the heat medium dissolving in the
lubricating oil. Thus, it is possible to avoid a situation
where the seeming viscosity of the lubricating oil de-
creases, and to sufficiently form oil films of the lubricating
oil on slide members such as the piston 232, the drive
shaft 234, and the compression chamber 236. Therefore,
itis possible to avoid a situation where the slide members
are worn and thereby the compressor 230 is damaged.
[0052] The controller 280 continues the compression
operation on the heat medium using the compressor 230
until the pressure of the accommodation space R meas-
ured by the pressure measurement unit 270 becomes
less than a pressure (hereinafter, referred to as the "cor-
responding pressure") corresponding to a predetermined
density of the heat medium contained in the lubricating
oil after completely closing the expansion valve 260 and
thereby blocking the inflow of the heat medium into the
compressor 230 through the expansion valve 260. In ad-
dition, the corresponding pressure is, for example, 40
kPa (Abs).

[0053] In this way, since the controller 280 stops the
drive of the compressor 230 after completely closing the
expansion valve 260, it is possible to prevent the liquid
heat medium from remaining in the evaporator 220.
Therefore, when the controller 280 starts the operation
of the heat pump unit 200 next time, no liquid heat me-
dium is imported into the compressor 230, and thus dam-
age to the compressor 230 can be prevented.

[0054] The controller 280 maintains (continues) the
compression operation on the heat medium using the
compressor 230 until the pressure of the accommodation
space R measured by the pressure measurement unit
270 becomes less than the corresponding pressure after
completely closing the expansion valve 260, and thereby
it is possible to evaporate the heat medium dissolving in
the lubricating oil. Thus, the heat medium can be re-
moved from the lubricating oil, and when the operation
ofthe heat pump unit 200 is started nexttime, itis possible
to limit the generation of bubbles of the heat medium in
the lubricating oil, that is, to limit the decline amount of
the liquid surface LH of the lubricating oil.

(Operation Method of Heat Pump Unit 200)

[0055] Next, an operation method of the heat pump
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unit 200, particularly a stopping method thereof, is de-
scribed. FIG. 3 is a flowchart showing the flow of process-
ing of the operation method of the heat pump unit 200.
In addition, the stopping control of the heat pump unit
200 is performed during operation of the heat pump unit
200.

[0056] When the controller 280 receives instructions
to stop the compression operation on the heat medium
using the compressor 230 in accordance with operation
and input by an operator ("YES" at step S410), the con-
troller 280 decreases the opening degree of the expan-
sion valve 260 so that the height of the liquid surface LH
of the lubricating oil accommodated in the accommoda-
tion space R of the compressor 230 is not less than a
threshold A preset for the compressor 230 (step S412).
[0057] Subsequently, the controller 280 determines
whether or not the expansion valve 260 is completely
closed (step S414), and if the expansion valve 260 is not
completely closed ("NO" at step S414), the controller 280
continues processing of the step S412. In addition, the
step S414 is performed again.

[0058] On the other hand, if the expansion valve 260
is completely closed ("YES" at step S414), the controller
280 determines whether or not the pressure of the ac-
commodation space R of the compressor 230 measured
by the pressure measurement unit 270 is less than the
corresponding pressure (step S416). If the pressure of
the accommodation space R is not less than the corre-
sponding pressure ("NO" at step S416), the controller
280 continues the drive of the compressor 230, and per-
forms the step S416 again. When the pressure of the
accommodation space R becomes less than the corre-
sponding pressure ("YES" at step S416), the controller
280 stops the drive of the compressor 230 (step S418).
[0059] As described above, according to the heat
pump unit 200 of this embodiment and to the operation
method of the heat pump unit 200 of this embodiment, it
is possible to limit the generation of bubbles of the heat
medium contained in the lubricating oil when the com-
pressor 230 is stopped, and thus to prevent damage to
the compressor 230.

[0060] Hereinbefore, although the preferable embodi-
ment of the present invention is described with reference
to the attached drawings, the present invention is not
limited to this embodiment. A person having ordinary skill
inthe artcan make various modifications within the scope
shown by the attached claims, and these modifications
are naturally included in the technical scope of the
present invention.

[0061] Although the heat pump unit200included in the
vacuum cleaning apparatus 100 is described inthe above
embodiment as an example, an apparatus, on which the
heat pump unit 200 is mounted, is not limited thereto. For
example, in a heat pump unit mounted on various kinds
of electrical equipment such as a refrigerator, a freezer,
an air conditioner, and a water heater, a heat medium
may also dissolve in lubricating oil of a compressor.
Therefore, the heat pump unit 200 and the operation
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method of the heat pump unit 200 of the presentinvention
can be applied to the above electrical equipment or the
like.

[0062] The above embodiment discloses a configura-
tion in which the controller 280 continues the compres-
sion operation on the heat medium using the compressor
230 until the pressure of the accommodation space R
measured by the pressure measurement unit 270 be-
comes less than the corresponding pressure after com-
pletely closing the expansion valve 260. However, the
compression operation on the heat medium using the
compressor 230 may be continued for the time estimated
to be taken before the pressure becomes less than the
corresponding pressure after the expansion valve 260 is
completely closed. The time may be preset through ex-
periment or the like.

[0063] Although the above embodiment discloses a
configuration in which the heat pump unit 200 includes
the intermediate heat exchanger 250, the intermediate
heat exchanger 250 may not be provided therein. Even
if the intermediate heat exchanger 250 is not provided,
it is possible to limit the generation of bubbles of the heat
medium contained in lubricating oil when the compressor
230 is stopped, and thus to prevent damage to the com-
pressor 230.

[0064] The above embodiment discloses the vacuum
cleaning apparatus 100 in which the cleaning using the
condensed cleaning agent supplied from the shower unit
110 and the cleaning using vapor supplied from the vapor
supply unit 130 are performed. However, for example,
an immersion room may be provided under the cleaning
chamber 102 inside the vacuum vessel 104, and a work
W may be cleaned by immersing the work W in the im-
mersion room.

[0065] Specifically, a hydrocarbon-based cleaning
agent (liquid) is stored in the immersion room, the amount
of the hydrocarbon-based cleaning agent is sufficient to
completely immerse the work W therein, and a heater
used to heat the hydrocarbon-based cleaning agent is
provided in the immersion room. In addition, an interme-
diate door s provided between the cleaningchamber 102
and the immersion room, and is configured to communi-
cate the cleaning chamber 102 and the immersion room
with each other and to block the communication. The
hydrocarbon-based cleaning agent stored in the immer-
sion room is one of or both of the condensed cleaning
agent supplied from the shower unit 110 and the con-
densed cleaning agent supplied from the cleaning agent
reservoir 124 through the condensed cleaning agent sup-
ply pipe 126. In this case, the mounting table 108 is pro-
vided with a lifting device, and thus is configured to be
capable of vertically moving. Thus, the lifting device is
driven in a state where the cleaning chamber 102 and
the immersion room communicate with each other by
opening the intermediate door, and thereby the work W
is moved from the cleaning chamber 102 into the immer-
sion room or from the immersion room into the cleaning
chamber 102, and thus is cleaned.
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[0066] Itis not necessary to always perform the steps
of the heat pump unit operation method of this specifica-
tion in the order described in the flowchart, and the meth-
od may include a parallel or subroutine process.

Industrial Applicability

[0067] The present invention can be used for a heat
pump unit and for a heat pump unit operation method.

Description of Reference Signs

[0068]

200 heat pump unit

210  circulation passageway

220  evaporator

230 compressor

232  piston (compression mechanism)
234  drive shaft (compression mechanism)
240 condenser

260 expansion valve

270  pressure measurement unit

280  controller

R accommodation space

Claims

1. A heat pump unit comprising:

a circulation passageway through which a heat
medium circulates;

a compressor which includes a compression
mechanism and an accommodation space ac-
commodating lubricating oil to be supplied to the
compression mechanism, and which increases
the temperature of the heat medium by adiabat-
ically compressing the heat medium circulating
through the circulation passageway;

a condenser which is provided on a downstream
side of the compressor in the circulation pas-
sageway, and which condenses the heat medi-
um by cooling the heat medium whose temper-
ature has been increased by the compressor;
an expansion valve whichis provided ona down-
stream side of the condenser in the circulation
passageway, and which cools the heat medium
by decompressing and expanding the heat me-
dium condensed by the condenser;

an evaporator which is provided on a down-
stream side of the expansion valve in the circu-
lation passageway, and which evaporates the
heatmedium by heating the heatmedium cooled
by the expansion valve; and

a controller which controls drive of the compres-
sor and the opening degree of the expansion
valve, and which controls the circulating amount
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of the heat medium in the circulation passage-
way,

wherein the controller is adapted to decrease
the opening degree of the expansion valve so
that the height of a liquid surface of the lubricat-
ing oil accommodated in the accommodation
space is maintained to be greater than or equal
to a threshold preset for the compressor, and to
stop compression operation on the heat medium
by the compressor after blocking inflow of the
heat medium into the compressor through the
expansion valve by completely closing the ex-
pansion valve, when the controller receives in-
structions to stop the compression operation on
the heat medium by the compressor.

The heat pump unit according to claim 1,

wherein the controller is adapted to maintain the
height of the liquid surface of the lubricating oil ac-
commodated in the accommodation space to be
greater than or equal to the threshold by decreasing
the opening degree of the expansion valve so that
the changing rate of the opening degree of the ex-
pansion valve is maintained to be a predetermined
first value.

The heat pump unit according to claim 1,

wherein the controller is adapted to maintain the
height of the liquid surface of the lubricating oil ac-
commodated in the accommodation space to be
greater than or equal to the threshold by decreasing
the opening degree of the expansion valve so that
the decreasing rate of the pressure of the accommo-
dation space is maintained to be a predetermined
second value.

The heat pump unit according to claim 1,

wherein the controller is adapted to continue the
compression operation on the heat medium by the
compressor until the pressure of the accommodation
space is less than a pressure corresponding to a
predetermined density of the heatmedium contained
in the lubricating oil after completely closing the ex-
pansion valve, and to stop the compression opera-
tion on the heat medium by the compressor when
the pressure of the accommodation space is less
than the pressure corresponding to the predeter-
mined density of the heat medium contained in the
lubricating oil.

The heat pump unit according to claim 2,

wherein the controller is adapted to continue the
compression operation on the heat medium by the
compressor until the pressure of the accommodation
space is less than a pressure corresponding to a
predetermined density of the heatmedium contained
in the lubricating oil after completely closing the ex-
pansion valve, and to stop the compression opera-
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tion on the heat medium by the compressor when
the pressure of the accommodation space is less
than the pressure corresponding to the predeter-
mined density of the heat medium contained in the
lubricating oil.

The heat pump unit according to claim 3,

wherein the controller is adapted to continue the
compression operation on the heat medium by the
compressor until the pressure of the accommodation
space is less than a pressure corresponding to a
predetermined density of the heat medium contained
in the lubricating oil after completely closing the ex-
pansion valve, and to stop the compression opera-
tion on the heat medium by the compressor when
the pressure of the accommodation space is less
than the pressure corresponding to the predeter-
mined density of the heat medium contained in the
lubricating oil.

A heat pump unit operation method, a heat pump
unit including:

a circulation passageway through which a heat
medium circulates;

a compressor which includes a compression
mechanism and an accommodation space ac-
commodating lubricating oil to be supplied to the
compression mechanism, and which increases
the temperature of the heat medium by adiabat-
ically compressing the heat medium circulating
through the circulation passageway;

a condenser which is provided on a downstream
side of the compressor in the circulation pas-
sageway, and which condenses the heat medi-
um by cooling the heat medium whose temper-
ature has been increased by the compressor;
an expansion valve whichis provided ona down-
stream side of the condenser in the circulation
passageway, and which cools the heat medium
by decompressing and expanding the heat me-
dium condensed by the condenser; and

an evaporator which is provided on a down-
stream side of the expansion valve in the circu-
lation passageway, and which evaporates the
heatmedium by heating the heatmedium cooled
by the expansion valve;

the heat pump unit operation method compris-

ing:

a step of decreasing the opening degree of
the expansion valve so that the height of a
liquid surface of the lubricating oil accom-
modated in the accommodation space is
maintained to be greater than or equal to a
threshold preset for the compressor, and of
stopping compression operation on the heat
medium by the compressor after blocking
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inflow of the heat medium into the compres-
sor through the expansion valve by com-
pletely closing the expansion valve, based
on instructions to stop the compression op-
eration onthe heat medium by the compres-
sor.
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