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DESCRIPTION
Title of Invention

LIQUID RESERVOIR

Technical Field
[0001]

The present invention relates to a liquid reservorr.

Background Art
[0002]

A known technology to determine presence or absence of liquid utilizing a
characteristic of a thermistor of which temperature changes depending on the
presence or absence of the liquid when the thermistor self-heats. As a liquid surface
detection device using such a technology, for example, a liquid surface detection

device Includes a plurality of thermistor resistive layers arranged sequentially from the

upper side to the lower side (for example, see Patent Literature 1).

Citation List
Patent Literature
[0003]

Patent Literature 1: Japanese Unexamined Patent Application Publication No.

2004-239711 ([0005]. Fig. 6)

Summary of Invention

Technical Problem
[0004]

However, In the liquid surface detection device disclosed in Patent Literature 1,
as the plurality of thermistor resistive layers are arranged in a line in the vertical
direction, when the number of thermistor resistive layers Is increased to enhance

accuracy of detecting a liquid surface, wiring becomes complicated. In other words,

1
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routing the wiring has a constraint. Regarding the constraint in routing the wiring,
when cables of the thermistor resistive layers are bundled, and the bundled cables
are allowed to pass through a long sheath tube extending in the vertical direction, the
sheath tube has a constraint of iInner diameter, and hence the number of thermistor
resistive layers arranged in one sheath tube is limited. Consequently, when a large
number of thermistor resistive layers are arranged In the vertical direction of one
sheath tube, an interval between thermistor resistive layers adjacent to each other In
the vertical direction of the sheath tube Is difficult to be reduced. As described
above, the reduced interval between the thermistor resistive layers adjacent to each
other In the vertical direction of the sheath tube Is difficult to be achieved, and hence
a detection resolution Is reduced.
[0005]

The present invention has been made on the background of the above-
mentioned problems, and therefore has an object to provide a liquid reservoir having

a less frequent constraint in routing wiring than that in the related art.

Solution to Problem
[0006]

A liquid reservoir Is provided according to claim 1.

Advantageous Effects of Invention
[0007]

In the liquid reservoir of the embodiment of the present invention, the plurality
of liquid surface level detection units each include the plurality of self-heating sensors,
and all of the self-heating sensors are positioned at different heights. Consequently,

the constraint in routing the wiring Is less frequent than that in the related art.

Brief Description of Drawings

10008]
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[F1g. 1] F1g. 1 Is a schematic diagram for Iillustrating a refrigerating and air-
conditioning apparatus 100 In which a liquid reservoir 15 according to Embodiment 1
of the present invention Is arranged on a refrigerant circuit.

[F1g. 2] FI1g. 2 Is a schematic diagram for Iillustrating the liquid reservoir 15
according to Embodiment 1 of the present invention.

[F1g. 3] FIg. 3 Is a schematic diagram for Iillustrating the liquid reservoir 15

according to Embodiment 1 of the present invention.

[F1g. 4] Fi1g. 4 1s a schematic diagram for illustrating a part of a liquid surface
level detection unit 20 of the liquid reservoir 15 according to Embodiment 1 of the
present invention.

[F1g. 5] FIg. 5 Is a schematic diagram for illustrating a state in which the liquid
reservoir 15 according to Construction 1 of the present invention accommodates the
liquid surface level detection unit 20.

[F1g. 6] FIg. 6 Is a schematic diagram for Iillustrating a state in which the liquid

reservoir 15 according to Construction 2 of the present invention accommodates the

liquid surface level detection unit 20.

[F1g. 7] FI1g. 7 Is a schematic diagram for Iillustrating a state in which the liquid
reservolir 15 according to Embodiment 1 of the present invention accommodates the
liquid surface level detection unit 20.

[F1g. 8] FIg. 8 Is a schematic diagram for Iillustrating a state in which the liquid

reservoir 15 according to Construction 3 of the present invention accommodates the

liquid surface level detection unit 20.
[F1g. 9] FIg. 9 Is a schematic diagram for Iillustrating a state in which the liquid

reservoir 15 according to Embodiment 2 of the present invention accommodates the

liquid surface level detection unit 20.

Description of Embodiments

10009]

A refrigerating and air-conditioning apparatus 100 according to the present

Invention Is described below In detall with reference to the drawings. Note that, the

3
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relations between the sizes of components In the following drawings may be different
from the actual relations. Further, In the following drawings, components denoted by
the same reference signs correspond to the same or equivalent components. The
reference signs are common throughout the description. In addition, the described
forms of the components are merely examples, and the components are not limited to
the description.

[0010]

Embodiment 1

Fig. 1 Is a schematic diagram for illustrating the refrigerating and air-
conditioning apparatus 100 In which a liquid reservoir 15 according to Embodiment 1
of the present invention Is arranged on a refrigerant circuit. Fig. 2 Is a schematic
diagram for illustrating the liquid reservoir 15 according to Embodiment 1 of the
present invention. Fig. 3 1s a schematic diagram for illustrating the liquid reservoir 15
according to Embodiment 1 of the present invention.

[0011]

As lllustrated In Fig. 1, the refrigerating and air-conditioning apparatus 100
INncludes a compressor 11, a condenser 12, an expansion valve 13, an evaporator 14,
and the liquid reservoir 15. The compressor 11, the condenser 12, the expansion
valve 13, the evaporator 14, and the liquid reservoir 15 are sequentially connected by
pipes, for example, to form the refrigerating and air-conditioning apparatus 100. A
direction of the arrows indicates a direction in which refrigerant flows.

[0012]

The compressor 11 1S a compressor having a variable capacity and configured
to compress sucked refrigerant to discharge the compressed refrigerant as refrigerant
having a high temperature and a high pressure. The condenser 12 Is a heat
exchanger configured to condense and liquefy the refrigerant discharged from the
compressor 11. The expansion valve 13 Is arranged on an outlet side of the
condenser 12 and an inlet side of the evaporator 14, and Is configured to act as a
pressure reducing unit for reducing the pressure of the refrigerant flowing on the

outlet side of the condenser 12. The evaporator 14 Is a heat exchanger configured

4
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to evaporate and gasify the refrigerant reduced In pressure by the expansion valve
13.
[0013]

During a heating operation, the refrigerant flowing through the condenser 12
exchanges heat with indoor air in the condenser 12, and the refrigerant flowing

through the evaporator 14 exchanges heat with outdoor air in the evaporator 14.

Further, during a cooling operation, the refrigerant flowing through the condenser 12
exchanges heat with outdoor air in the condenser 12, and the refrigerant flowing
through the evaporator 14 exchanges heat with indoor air in the evaporator 14.
[0014]

As lllustrated In Fig. 2 and Fig. 3, the liquid reservoir 15 Is a pressure vessel,
for example, and includes a vessel having a thickness of from4 mto 10 m. The
liquid reservolir 15 has the structure in which liquid refrigerant is collected in its lower
portion, and In which only gas refrigerant tends to be circulated. With this structure,
with an increase In circulation amount of the refrigerant, a speed of the gas portion Is
Increased, whereas a speed of the liquid portion becomes less likely to increase. In
an upper portion of the liquid reservoir 15, an inflow pipe 151 and an outflow pipe 152
are arranged to vertically penetrate an upper surface of the liquid reservoir 15. A
region In which the gas refrigerant 1s collected is indicated by the letter a in Fig. 2 and
Fig. 3. Aregion in which the liquid refrigerant is collected Is indicated by the letter b
N Fig. 2 and Fig. 3.

[0015]

The Inflow pipe 151 Is a pipe for guiding the refrigerant flowing on an outlet side
of the evaporator 14 into the liquid reservoir 15, and Is arranged to communicate with
the Inside of the liquid reservoir 15 and the outside of the liquid reservoir 15. The
Inflow pipe 151 Is arranged so that a fluid flowing into the liquid reservoir 15 flows In a
horizontal direction with respect to an installation surface of the liquid reservoir 15.
With this configuration, fluctuations of a surface of liquid in the liquid reservoir 15 may
be reduced as much as possible. The outflow pipe 152 Is a pipe for guiding the

refrigerant inside the liquid reservoir 15 to a suction side of the compressor 11, and Is

5
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arranged to communicate with the inside of the liquid reservoir 15 and the outside of
the liquid reservoir 15.
[0016]

As the liquid reservoir 15, a vertical vessel or a horizontal vessel I1s adopted.
The term "vertical vessel" refers to an upright cylindrical vessel having a vertically
long aspect ratio as Iillustrated Iin Fig. 2, for example. Further, the term "horizontal
vessel' refers to a laid-down cylindrical vessel having a horizontally long aspect ratio
as lllustrated in Fig. 3, for example.

[0017]

Fig. 4 Is a schematic diagram for illustrating a part of a liquid surface level
detection unit 20 of the liquid reservoir 15 according to Embodiment 1 of the present
invention. As lllustrated in Fig. 4, the liquid surface level detection unit 20 Is
configured to determine a level of the surface of the liquid collected inside the liquid
reservolir 15, and includes self-neating sensors 201a to 201c¢ (liquid surface sensors),
a sheath tube 202, and wiring 203.

[0018]

Each of the self-heating sensors 201a to 201c Is a self-heating element made
of a material whose element resistance changes depending on an element
temperature, and includes, for example, an NTC sensor or a PTC sensor. The self-
heating sensors 201a to 201c¢ have different heat transfer coefficients, and hence
amounts of transferred heat differ depending on an outside state (liquid or gas).
Consequently, the self-heating sensors have different temperatures depending on
whether the outside state is a liquid state or a gas state, for example. Comparing
these temperatures distinguishes whether each of the self-heating sensors 201a to
201c I1s surrounded by gas or liquid. In the following description, the self-heating
sensors arranged In the liquid surface level detection unit 20 may be collectively
referred to as "self-heating sensors 201" in some cases.

[0019]
The sheath tube 202 I1s configured to contain the self-heating sensors 201, and

Includes a cylindrical member, for example. Inside the sheath tube 202, a plurality of

6
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self-heating sensors 201 are arranged at equal intervals In the vertical direction, for
example. The sheath tube 202 has a constraint of inner diameter, and hence the
number of self-neating sensors 201 arranged In one sheath tube 202 is limited.
Consequently, the interval between self-heating sensors 201 adjacent to each other in
the vertical direction Is determined in consideration of the inner diameter of the sheath
tube 202. The wiring 203 Is a conductor wire for transmitting a signal detected by
each of the self-heating sensors 201 to a control unit (not shown), and Is provided for
each self-neating sensor 201. The wiring 203 for each one of the self-heating
sensors 201 1s bundled and allowed to pass through the sheath tube 202. The
control unit 1s configured to determine the level of the surface of the liquid in the liquid
reservoir 15 on the basis of the signal of the self-heating sensor 201 input through the
wiring 203.

[0020]

Fig. 5 Is a schematic diagram for illustrating a state in which the liquid reservoir
15 according to Construction 1 accommodates the liquid surface level detection units
20. Construction 1 i1s presented to aid in the understanding of the embodiments of
the present invention. As lllustrated in Fig. 5, as the liquid reservoir 15, a vertical
vessel is adopted. Self-heating sensors 201a to 201n are aligned in a direction
perpendicular to a bottom surface of the liquid reservoir 15, for example. In one of
the liquid surface level detection units 20 positioned on the left side of the drawing
sheet of Fig. 5, the self-heating sensors 201a to 201g are arranged. In one of the
liquid surface level detection units 20 positioned on the right side of the drawing sheet
of Fi1g. 5, the self-heating sensors 201h to 201n are arranged.

[0021]

From an upper side of the liquid reservoir 15, the self-neating sensors 201h,
201a, 2011, 201b, 201j, 201c, 201k, 201d, 2011, 201e, 201m, 201f, 201n, and 201g
are arranged. Thus, the self-heating sensors 201a to 201g and the self-heating
sensors 201h to 201n are arranged at different height positions from each other. In
other words, the self-heating sensors 201a to 201n are arranged In zigzag. Further.

the self-heating sensors 201a to 201g are arranged so that distances between
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adjacent self-heating sensors are equal, for example. The self-heating sensors 201h
to 201n are arranged so that distances between adjacent self-neating sensors are
equal, for example.

[0022]

As described above, In the liquid reservoir 15 of Embodiment 1 of the present
iInvention, the plurality of liquid surface level detection units 20 each include the
plurality of self-heating sensors 201, and all of the self-heating sensors 201 are
positioned at different heights. In addition, in Construction 1, the plurality of self-
heating sensors 201 are arranged In zigzag.

With this configuration, fewer constraints are imposed In routing the wiring than
that in the related art. Consequently, a larger number of self-heating sensors 201
may be arranged than that in the related art, and a resolution of determining a liquid
amount Is iImproved. With this configuration, even when the refrigerant is changed
by a minute amount, the change Is detected, and hence leakage of the refrigerant
from the refrigerating and air-conditioning apparatus 100 Is detected In an early stage.
In particular, when a refrigerant having adverse effects on the global environment,
such as global warming, I1s used, the leakage of the refrigerant is prevented from
occurring, and thus this configuration advantageously leads to protection of the global
environment.

[0023]

Construction 1 describes the example in which 16 self-heating sensors 201 are
arranged. However, the example Is merely for the description, and a specific
number 1s not limited to this example. Any number of self-neating sensors 201 may
be arranged as long as the liquid surface level detection units 20 each include a
plurality of self-heating sensors 201.

[0024]

Further, Construction 1 describes the example in which two liquid surface level
detection units 20 are accommodated. However, the example Is merely for the
description, and the number Is not limited to this example. For example, three or

more liquid surface level detection units 20 may be accommodated. With this
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configuration, the number of self-heating sensors 201 arranged per liquid surface
level detection unit 20 may be reduced, and the constraints in routing the wiring may
be further reduced.
[0025]
Construction 2

In Construction 2 of the present invention, the self-heating sensors 201 are
arranged differently from Construction 1. Construction 2 is presented to aid in the
understanding of embodiments of the present invention. In Construction 2, items not
described otherwise In particular are similar to those in Embodiment 1, and the same
functions and components are denoted by the same reference signs.
[0026]

Fig. 6 Is a schematic diagram for illustrating a state in which the liquid reservoir
15 according to Construction 2 of the present invention accommodates the liquid
surface level detection unit 20. As Illustrated In Fig. 6, as the liquid reservoir 15, a
vertical vessel Is adopted. The self-heating sensors 201a to 201n are aligned in the
direction perpendicular to the bottom surface of the liquid reservoir 15. In one of the
liquid surface level detection units 20 positioned on the left side of the drawing sheet
of Fi1g. 6, the self-heating sensors 201a to 201g are arranged. In one of the liquid
surface level detection units 20 positioned on the right side of the drawing sheet of
Fig. 6, the self-heating sensors 201h to 201n are arranged.
[0027]

From the upper side of the liquid reservoir 15, the self-heating sensors 201h,
2011, 201}, 201k, 2011, 201m, 201n, 201a, 201b, 201c, 201d, 201e, 201f, and 201g
are arranged. The self-heating sensors 201a to 201g are arranged so that distances
between adjacent self-heating sensors are equal, for example. The self-heating
sensors 201h to 201n are arranged so that distances between adjacent self-heating
sensors are equal, for example.
[0028]

As described above, in the liquid reservoir 15 of Construction 2 of the present

iInvention, the plurality of liquid surface level detection units 20 each include the
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plurality of self-heating sensors 201, and all of the self-heating sensors 201 are
positioned at different heights. Further, the self-heating sensors 201h to 201n are
arranged at higher positions than that of the self-heating sensors 201a to 201g.

With this configuration, fewer constraints are imposed In routing the wiring than
that in the related art. Consequently, a larger number of self-heating sensors 201
may be arranged than that in the related art, and a resolution of determining a liquid
amount Is Improved. With this configuration, even when the refrigerant is changed
by a minute amount, the change Is detected, and hence leakage of the refrigerant
from the refrigerating and air-conditioning apparatus 100 Is detected In an early stage.
In particular, when a refrigerant having adverse effects on the global environment,
such as global warming, I1s used, the leakage of the refrigerant is prevented from
occurring, and thus this configuration advantageously leads to protection of the global
environment.

[0029]

When three or more liquid surface level detection units 20 are accommodated,
for example, self-heating sensors of a liquid surface level detection unit 20 to be
added are preferred to be positioned below the self-heating sensor 201g or above the
self-heating sensor 201n. In other words, when a liquid surface level detection unit
20 I1s newly added, the self-heating sensors of the added liquid surface level detection
unit 20 are preferred to be not positioned between the self-heating sensor 201a and
the self-heating sensor 2019, and to be not positioned between the self-heating
sensor 201n and the self-heating sensor 201h. In other words, at positions in the
vertical direction outside the range in which the plurality of self-heating sensors of one
liquid surface level detection unit 20 are arranged, all self-heating sensors of liquid
surface level detection unit 20 other than the one liquid surface level detection unit 20
are preferred to be arranged. With this configuration, also when three or more liquid
surface level detection units 20 are accommodated, the effects of Embodiment 1
described above can be obtained.

10030]
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Embodiment 1 of the present invention is different from Constructions 1 and 2
IN that arrangement of a plurality of liquid surface level detection units 20 Is
determined on the basis of the positions of the self-heating sensors 201 and the
position of the inflow pipe 151. In Embodiment 1, items not described otherwise In
particular are similar to those in Constructions 1 and 2, and the same functions and

components are denoted by the same reference signs.

[0031]

Fig. 7 Is a schematic diagram for illustrating a state in which the liquid reservoir
15 according to Embodiment 1 of the present invention accommodates the liquid
surface level detection units 20. As Iillustrated in Fig. 7, as the liquid reservoir 15, a
vertical vessel Is adopted. The self-heating sensors 201a to 201h are aligned in the
direction perpendicular to the bottom surface of the liquid reservoir 15, for example.
In one of the liquid surface level detection units 20 positioned on the left side of the
drawing sheet of Fig. 7, the self-neating sensors 201a to 201d are arranged. In one

of the liquid surface level detection units 20 positioned on the right side of the drawing

sheet of Fig. 7, the self-heating sensors 201e to 201h are arranged.
[0032]

From the upper side of the liquid reservoir 15, the self-heating sensors 201e,
201f, 201g, 201h, 201a, 201b, 201c, and 201d are arranged. In a liquid reservoir 15
arranged at a position closest to the inflow pipe 151 among a plurality of liquid

reservoirs 15, the liquid surface level detection unit 20 including the self-heating

sensors 201a to 201d 1s accommodated. In a liquid reservoir 15 arranged at a
position horizontally farthest from the inflow pipe 151 among the plurality of liquid
reservoirs 15, the liquid surface level detection unit 20 including the self-heating
sensors 201e to 201h 1Is accommodated. |n other words, a position of one of the
plurality of liquid surface level detection units 20 each Including a plurality of self-
heating sensors 201 Is higher as distance Is horizontally farther from the inflow pipe
151 to the one of the plurality of liquid surface level detection units 20. The self-
heating sensors 201a to 201d are arranged so that distances between adjacent self-

heating sensors are equal, for example. The self-heating sensors 201e to 201h are
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arranged so that distances between adjacent self-heating sensors are equal, for

example.
[0033]

As described above, In the liquid reservoir 15 of Embodiment 1 of the present
iInvention, the plurality of self-heating sensors 201 of the liquid surface level detection
unit 20 arranged horizontally farthest from the inflow pipe 151 among the plurality of
liquid surface level detection units are at the positions higher than the plurality of self-
heating sensors 201 of liquid surface level detection units 20 other than the farthest
liquid surface level detection unit 20. As described above, the self-neating sensors
201 positioned on a side of a higher liquid surface are arranged at positions
horizontally farther away from the inflow pipe 151. Consequently, influences of liquid
surface splash and waves In the vicinity of a liquid surface due to a blowout flow when
an Inflow rate I1s high are reduced, and accuracy of detecting the liquid surface when
the liquid surface is high 1s improved. Thus, false detection of the liquid surface
under inflow conditions of the high liquid surface and the high flow rate can be
reduced, and the liquid surface level can be determined at high accuracy irrespective
of the height of the liquid surface.

[0034]

When three or more liquid surface level detection units 20 are accommodated,
for example, a liquid surface level detection unit 20 having self-neating sensors at
heights lower than the self-heating sensor 201d Is preferred to be added. Further,
the added liquid surface level detection unit 20 i1s preferred to be arranged closer to
the Inflow pipe 151 than the liquid surface level detection unit 20 including the self-
heating sensors 201a to 201d. With this configuration, also when three or more
liquid surface level detection units 20 are accommodated, the effects of Embodiment
1 described above can be obtained.

[0035]
Construction 3
Construction 3 of the present invention is different from Embodiment 1 in that

the liquid surface level detection units 20 are accommodated In a horizontal liquid
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reservoir 15. Construction 3 is provided to aid in the understanding of the
embodiments of the present inventionln Construction 3, items not described
otherwise In particular are similar to those in Embodiment 1, and the same functions

and components are denoted by the same reference signs.
[0036]

Fig. 8 Is a schematic diagram for illustrating a state in which the liquid reservoir
15 according to Construction 3 accommodates the liquid surface level detection units
20. As lllustrated In Fig. 8, as the liquid reservoir 15, a horizontal vessel I1s adopted.
The self-heating sensors 201a to 201k are aligned to be inclined at an acute angle
from the direction perpendicular to the bottom surface of the liquid reservoir 15. In
one of the liquid surface level detection units 20 positioned on the left side of the
drawing sheet of Fig. 6, the self-neating sensors 201a to 201g are arranged. In one
of the liquid surface level detection units 20 positioned on the right side of the drawing
sheet of Fig. 6, the self-heating sensors 201h to 201n are arranged.

[0037]

From the upper side of the liquid reservoir 15, the self-heating sensors 2011,
201a, 201m, 201b, 201n, 201c, 2010, 201d, 201p, 201e, 201q, 201f, 201r, 201g,
201s, 201h, 201t, 2011, 201u, 201), 201v, and 201k are arranged. That is, the self-
heating sensors 201a to 201k and the self-heating sensors 2011 to 201v are arranged
at different height positions from each other. In other words, the self-heating sensors
201a to 201v are arranged In zigzag. Further, the self-heating sensors 201a to 201k
are arranged so that distances between adjacent self-heating sensors are equal, for
example. The self-neating sensors 2011 to 201v are arranged so that distances

between adjacent self-heating sensors are equal, for example.

[0038]

Because the self-heating sensors 201a to 201k are aligned to be inclined at the
acute angle from the direction perpendicular to the bottom surface of the liquid
reservoir 15, when a difference in height between adjacent self-heating sensors Is
represented by A, and a distance between the adjacent self-heating sensors Is

represented by B, a relation of A < B Is satisfied. Because dimensions of the liquid
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reservolir 15 are defined to satisfy the relation of A < B, an arrangement interval
pbetween self-heating sensors 201 arranged In the vertical direction of the liquid

reservoir 15 can be reduced. Consequently, a resolution of determining a liquid

amount Is Improved.
[0039]

As described above, the self-heating sensors 201 of the liquid reservoir 15
according to Construction 3 are aligned to be inclined at the acute angle from the
direction perpendicular to the bottom surface of the liquid reservoir 15.

With this configuration, when the liquid reservoir 15 includes a horizontal
vessel, In particular, the resolution of determining the liquid amount can be improved.
Consequently, even a minute change in amount of the refrigerant is determined, and
hence leakage of the refrigerant from the refrigerating and air-conditioning apparatus
100 1s detected In an early stage. In particular, when a refrigerant having adverse
effects on the global environment, such as global warming, Is used, the leakage of the

refrigerant Is prevented from occurring, and thus this configuration advantageously

leads to protection of the global environment.
[0040]

Further, the configuration is useful also when the height of the liquid reservolir
15 Is lower than a distance between the self-heating sensor 201a positioned at the
top and the self-heating sensor 201k positioned at the bottom. To be specific, when
the self-heating sensors 201a and 201k are aligned In the direction perpendicular to
the bottom surface of the liquid reservoir 15, the self-heating sensors 201a and 201k
are wasted without being used as liquid surface detection sensors.

[0041]

The inclination angle is not limited to a particular angle, and a suitable angle
may be adopted as appropriate. For example, when the liquid surface level
detection unit 20 Is arranged perpendicular to the bottom surface of the liquid
reservolr 15 and a self-heating sensor 201 I1s not contained In the liquid reservoir 195,
an angle Is preferred to be adopted at which the self-heating sensor 201 Is contained

INn the liquid reservoir 15.
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[0042]

Further, also In the liquid reservoir 15 Including the vertical vessel, when, under
a state in which all the self-neating sensors 201 are arranged vertically, a distance
between the self-heating sensor 201 positioned at the top and the self-heating sensor
201 positioned at the bottom Is larger than the height of the liquid reservoir 15, the
self-heating sensors 201 may be aligned to be inclined from the direction
perpendicular to the bottom surface of the liquid reservoir 15 to obtain similar effects
as in Construction 3 described above.
[0043]
Embodiment 2

Embodiment 2 of the present invention Is different from Embodiment 1 In that
the liquid surface level detection units 20 are accommodated Iin a horizontal liquid
reservoir 15. In Embodiment 2, items not described otherwise In particular are
similar to those In Embodiment 1, and the same functions and components are
denoted by the same reference signs.
[0044]

Fig. 9 Is a schematic diagram for illustrating a state in which the liquid reservoir
15 according to Embodiment 2 of the present invention accommodates the liquid
surface level detection units 20. As illustrated Iin Fig. 9, as the liquid reservoir 15, a
horizontal vessel Is adopted. The liquid surface level detection units 20 are arranged

to be Inclined from the direction perpendicular to the bottom surface of the liquid

reservoir 15.
[0045]

From the upper side of the liquid reservoir 15, the self-heating sensors 2011,
201m, 201n, 2010, 201p, 201q, 201r, 201s, 201t, 201u, 201v, 201j, 201v, 201a, 201b,
201c, 201d, 201e, 2011, 201g, 201h, 2011, 201}, and 201k are arranged. Further, the
self-heating sensors 201a to 201g are arranged so that distances between adjacent
self-heating sensors are equal, for example. The self-heating sensors 201h to 201n
are arranged so that distances between adjacent self-heating sensors are equal, for

example.
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[0046]

Because the self-heating sensors 201a to 201k are aligned to be inclined at the
acute angle from the direction perpendicular to the bottom surface of the liquid
reservoir 15, when a difference in height between adjacent self-heating sensors Is
represented by A, and a distance between the adjacent self-heating sensors Is
represented by B, a relation of A < B Is satisfied. Because dimensions of the liquid
reservoir 15 are defined to satisfy the relation of A < B, an arrangement interval
between self-heating sensors 201 arranged In the vertical direction of the liquid
reservoir 15 can be reduced. Consequently, a resolution of determining a liquid
amount Is Improved.

[0047]

As described above, the self-heating sensors 201 of the liquid reservoir 15
according to Embodiment 2 of the present invention are aligned to be inclined at the
acute angle from the direction perpendicular to the bottom surface of the liquid
reservoir 15.

With this configuration, when the liquid reservoir 15 includes a horizontal
vessel, In particular, the resolution of determining the liquid amount can be improved.
Consequently, even a minute change in amount of the refrigerant is determined, and
hence leakage of the refrigerant from the refrigerating and air-conditioning apparatus
100 1s detected In an early stage. In particular, when a refrigerant having adverse
effects on the global environment, such as global warming, 1s used, the leakage of the
refrigerant Is prevented from occurring, and thus this configuration advantageously
leads to protection of the global environment.

[0048]

Further, the configuration is useful also when the height of the liquid reservolir
15 1s lower than a distance between the self-heating sensor 201a positioned at the
top and the self-heating sensor 201k positioned at the bottom. To be specific, when
the self-heating sensors 201a and 201k are aligned In the direction perpendicular to
the bottom surface of the liquid reservoir 15, the self-heating sensors 201a and 201k

are wasted without being used as liquid surface detection sensors.
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[0049]

The above describes, as an example, the liquid reservoir 15 for forming the
refrigerating and air-conditioning apparatus 100; however, the use of the method of
iInstalling a multi-point liquid surface detection sensor according to the present
iInvention Is not limited to this example, and the technology can be applied to any
purpose of detecting a height of an interface between water and air, oil and air, and

other liquid and gas In a vessel.

Reference Signs List
[0050]

11 compressor 12 condenser 13 expansion valve 14
evaporator 15 liquid reservolr 20 liquid surface level detection unit 100
refrigerating and air-conditioning apparatus 151 inflow pipe 152 outflow pipe

200, 201ato 201v self-heating sensor 202 sheath tube 203 wiring
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CLAIMS
[Claim 1]

A liquid reservoir comprising a plurality of liquid surface level detection units In
the liquid reservorr,

the plurality of liquid surface level detection units each including a plurality of
self-heating sensors, the plurality of self-neating sensors being positioned at different
heights,

the liquid reservoir comprising an inflow pipe through which refrigerant flows
Into the liquid reservoir at an upper portion of the liquid reservaoirr,

the plurality of self-heating sensors of the one of the plurality of liquid surface
level detection units arranged horizontally farthest from the inflow pipe being at
positions higher than all of the plurality of self-heating sensors of all of the other liquid

surface level detection units of the plurality of liquid surface level detection.

[Claim 2]

The liquid reservoir of claim 1, wherein, In any pair of the liquid surface level
detection units, a first one of the pair Is farther from the inflow pipe than a second one
of the pair, and the plurality of self-neating sensors of the first one of the pair is
positioned higher than the plurality of self-heating sensors of the second one of the

pair.

[Claim 3]
The liquid reservoir of claim 1 or 2, wherein each plurality of self-heating

sensors Is aligned In a direction perpendicular to a surface of the liquid reservoir that

IS below the plurality of liquid level detection devices.

[Claim 4]
The liquid reservoir of claim 1 or 2, wherein each plurality of self-heating
sensors IS aligned In a direction that makes an acute angle with a surface of the liquid

reservolr that 1s below the plurality of liquid level detection devices.
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