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VAPOR-COMPRESSION-TYPE
REFRIGERATING MACHINE

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a vapor-compression-type
reirigerating machine for moving heat from a portion on the
low temperature side to a portion on the high temperature
side. The vapor-compression-type refrigerating machine of
the present ivention 1s elfectively applied to an air condi-
tioner for vehicle use.

2. Description of the Related Art

As well known, the vapor-compression-type refrigerating
machine operates as follows. A liquid phase refrigerant 1s
decompressed by an expansion valve, and the refrigerant, the
pressure of which has been reduced, i1s evaporated so as to
absorb heat, and the thus evaporated refrigerant, the phase of
which has become a gas phase, 1s adiabatically compressed
by a compressor so that the temperature can be raised and the
heat absorbed 1n the process of evaporation can be radiated.

It 1s conventional that the expansion valve 1s provided with
a spring for giving a pre-load (1nitial load) to the valve body
which adjusts the degree of throttle opening so that the degree
of superheat of the refrigerant sucked into the compressor can

be 1n a predetermined range. Concerning this technique, for
example, refer to the official gazette of Japanese Unexamined
Patent Publication No. 2002-213842.

In this connection, the expansion valve 1s composed of a
plurality of parts such as a diaphragm, valve body and so
torth. Usually, the maximum displacement of the valve body
1s not more than 1 mm, that 1s, the maximum displacement of
the valve body 1s very small. Accordingly, even 11 the dimen-
sional fluctuation of parts composing the expansion valve 1s
small, operation of the valve body can be greatly affected.

Therefore, 1t 1s conventional to provide a pre-load adjusting
mechanism for adjusting a pre-load (initial load) given to the
valve body or diaphragm by a spring. When the pre-load
adjusting mechanism 1s adjusted after all parts have been
assembled, the pre-load 1s adjusted so that the valve body can
be appropriately operated.

According to the expansion valve described in the official
gazette of Japanese Unexamined Patent Publication No.
2002-213842, the pre-load adjusting mechanism 1s provided.
It 1s necessary to adjust the pre-load adjusting mechanism
after all parts have been assembled. Therefore, 1t 1s difficult to
decrease the number of parts of the expansion valve. Further,
it 1s difficult to reduce the number of processes 1n the manu-
facturing process.

SUMMARY OF THE INVENTION

The present mvention was accomplished 1 view of the
above points. It 1s a first object of the present invention to
provide a vapor-compression-type refrigerating machine
including a new expansion valve different from the conven-
tional one. It 1s a second object of the present invention to
reduce the manufacturing cost of the vapor-compression-type
refrigerating machine by reducing the manufacturing cost of
the expansion valve.
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In order to accomplish the above objects, according to an
aspect of the present invention, a vapor-compression-type
refrigerating machine for moving heat from a low tempera-
ture side to a high temperature side, comprises: a compressor
(1) for sucking and compressing refrigerant; a radiator (2) for
radiating heat from the refrigerant of high pressure; an expan-
s1on valve (8) for decompressing and expanding the refriger-
ant cooled by the radiator (2); an evaporator (6) for evaporat-
ing the refrigerant decompressed by the expansion valve (5)
so that heat can be absorbed by the refrigerant; and an internal
heat exchanger (7) for exchanging heat between the refriger-
ant of high pressure before the decompression by the expan-
sion valve (5) and the refrigerant of low pressure to be sucked
by the compressor (1), the expansion valve (5) including: a
thin film-lice diaphragm (5¢) forming an air-tightly closed
space (5a) mto which a predetermined mass of gas 1s
enclosed; a valve body (5d) for changing a degree of throttle
opening being interlocked with a displacement of the dia-
phragm (5¢); a spring (3q) for giving an elastic force to the
valve body (5d) 1n a direction so that a volume of the airtightly
closed space (5a) can be reduced, from an opposite side of the
diaphragm (5¢) to the side of the diaphragm (5¢) on which the
airtightly closed space (5a) 1s located; and a load giving
portion (5r) for giving an initial load to the spring (5q),
wherein pressure 1n the airtightly closed space (35a) changes
according to the temperature of the refrigerant flowing out
from the evaporator (6), pressure of the refrigerant flowing
out from the evaporator (6) acts on an opposite side of the
diaphragm (5¢) to the side of the diaphragm (5¢) on which the
airtightly closed space (5a) 1s located, and the load giving
portion (5r) can not be moved with respect to the housing (57).

According to the present invention, the internal heat
exchanger (7) 1s provided. Therefore, the refrigerant flowing
into the expansion valve (5) 1s cooled by this internal heat
exchanger (7), and the enthalpy of the refrigerant flowing into
the evaporator (6) 1s reduced. On the contrary, the refrigerant
sucked into the compressor (1) 1s heated by this internal heat
exchanger (7). Accordingly, a difference of enthalpy between
the refrigerant at the inlet and the refrigerant at the outlet of
the evaporator (6) 1s increased, and the heat absorbing capac-
ity of the evaporator (6) can be enhanced. Further, as the
degree of superheat of the refrigerant sucked into the com-
pressor (1) can be enhanced, even 1 the pre-load adjusting
mechanism 1s abolished, the vapor compression type refrig-
erating machine can be stably operated.

Accordingly, as the manufacturing cost of the expansion
valve (3) can be reduced, the manufacturing cost of the vapor
compression type refrigerating machine can be decreased.

According to another aspect of the present invention, a
vapor-compression-type refrigerating machine for moving
heat from a portion on the low temperature side to a portion on
the high temperature side, comprises: a compressor (1) for
sucking and compressing refrigerant; a radiator (2) for radi-
ating heat from the refrigerant of high pressure; an expansion
valve (5) for decompressing and expanding the refrigerant
cooled by the radiator (2); an evaporator (6) for evaporating
the refrigerant decompressed by the expansion valve (§) so
that heat can be absorbed by the refrigerant; and an internal
heat exchanger (7) for exchanging heat between the refriger-
ant of high pressure before the decompression by the expan-
sion valve (8) and the refrigerant of low pressure to be sucked
by the compressor (1), the expansion valve (8) including: a
thin film-like diaphragm (5¢) forming an air-tightly closed
space (5a) mto which a predetermined mass of gas 1s
enclosed; and a valve body (5d) for changing a degree of
throttle opening being interlocked with a displacement of the
diaphragm (5¢), wherein pressure in the airtightly closed
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space (5a) changes according to the temperature of the refrig-
erant flowing out from the evaporator (6), pressure of the
refrigerant flowing out from the evaporator (6) acts on an
opposite side of the diaphragm (5¢) to the side of the dia-
phragm (5¢) on which the airtightly closed space (5a) 1s
located, and the diaphragm (5¢) 1s displaced only by a differ-
ence 1n pressure between the airtightly closed space (5a) and
the refrigerant flowing out from the evaporator (6).

Asthe imnternal heat exchanger (7) 1s provided 1in the present
invention, the refrigerant tlowing into the expansion valve (5)
1s cooled by this internal heat exchanger (7). Therelore,
enthalpy of the refrigerant flowing into the evaporator (6) 1s
reduced. On the contrary, the refrigerant sucked into the com-
pressor (1) 1s heated.

Accordingly, a difference of enthalpy between the retrig-
crant at the inlet and the refrigerant at the outlet of the evapo-
rator (6) 1s increased, and the heat absorbing property of the
evaporator (6) can be enhanced. Further, as the degree of
superheat of the refrigerant sucked into the compressor (1)
can be enhanced, even i1 the pre-load adjusting mechanism 1s
abolished, the vapor compression type refrigerating machine
can be stably operated.

Accordingly, as the manufacturing cost of the expansion
valve (8) 1s reduced, the manufacturing cost of the vapor-
compression-type refrigerating machine can be decreased.

According to the present invention, the connecting rod (51)
for connecting the diaphragm (5¢) with the valve body (5d) 1s
jo1ined to the diaphragm (5c¢), and further the connecting rod
(51) 1s joined to the valve body (5d).

Due to the above structure, the diaphragm (5¢) and the
valve body (5d) can be integrally displaced. Therefore, the
expansion valve (3) can respond quickly.

In the present invention, the diaphragm case (5s) for sup-
porting the diaphragm (5¢) from an opposite side of the dia-
phragm (5c¢) to the side of the diaphragm (5¢), on which the
airtightly closed space (5a) 1s located, 1s formed being inte-
grated with the housing (57) 1n which the valve seat (5h) 1s
tformed. Alternatively, the diaphragm case (3s) 1s integrally
joined to the housing (57).

Due to the above structure, the dimensional accuracy of
assembling the diaphragm (5¢), valve body (5d) and valve
seat (Sh) can be enhanced.

According to the present invention, the internal heat
exchanger (7) 1s a double tube composed of an 1nner cylin-
drical tube (7a) and outer cylindrical tube (7b).

According to the present invention, the expansion valve (5)
1s accommodated in the piping means which composes a
refrigerant passage in which the refrigerant of low pressure 1s
flowing.

Due to the above structure, for example, while the expan-
sion valve (5) 1s being protected from heat generated by the
running engine, noise generated by the vibration of the expan-
sion valve (8) can be reduced. Further, while a malfunction of
the expansion valve (5) caused by heat generated by the
engine 1s being prevented, the degree of freedom can be
extended when a position, at which the expansion valve (5) 1s
mounted, 1s to be determined.

According to the present invention, the expansion valve (5)
1s fixed 1n such a manner that the expansion valve (5) can be
clastically displaced in the piping means (8).

Due to the above structure, vibration o the expansion valve
(5) generated 1 the process ol decompression can be
absorbed. Therefore, noise caused by the vibration of the
expansion valve (3) can be reduced.

According to the present invention, the internal heat
exchanger (7) and the expansion valve (8) are integrated with
cach other 1nto one body.
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Due to the above structure, the number of pipes can be
reduced. Theretfore, the number of processes for assembling,
the vapor compression type refrigerating machine can be
decreased, and the vapor-compression-type refrigerating
machine can be installed 1n a small space.

The present invention may be more fully understood from

the description of preferred embodiments of the invention, as
set forth below, together with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 1s a view showing a model of a vapor-compression-
type relrigerating machine of a first embodiment of the
present invention;

FIG. 2 1s a p-h diagram of the vapor-compression-type
refrigerating machine of the first embodiment of the present
imnvention;

FIG. 3 1s a schematic illustration of the internal heat
exchanger of the first embodiment of the present invention;

FIG. 4 1s a schematic 1llustration of the expansion valve of
the first embodiment of the present invention;

FIG. § 1s a schematic illustration of the expansion valve of
the first embodiment of the present invention;

FIG. 6 1s a graph showing a relation between the refriger-
ating capacity and the degree of superheat;

FIG. 7 1s a schematic 1llustration of an expansion valve of
a second embodiment of the present invention;

FIG. 8 1s a schematic 1llustration of the expansion valve of
the second embodiment of the present invention;

FIG. 9 1s a schematic 1llustration of an expansion valve of
a third embodiment of the present invention;

FIG. 10 1s a schematic 1llustration of an expansion valve of
a fourth embodiment of the present invention;

FIG. 11 1s a schematic 1llustration of an expansion valve of
a fourth embodiment of the present invention; and

FIG. 12 1s a graph showing a relation between the flow rate
and the degree of superheat.

DESCRIPTION OF THE PR.
EMBODIMENTS

(L]
Y

ERRED

(First Embodiment)

In this embodiment, the vapor-compression-type refriger-
ating machine of the present invention 1s applied to an air-
conditioner for vehicle use. FI1G. 1 1s a view showing a model
of the vapor-compression-type refrigerating machine of the
present invention, and FIG. 2 1s a p-h diagram of the vapor
compression type refrigerating machine of the present inven-
tion.

In FIG. 1, the compressor 1 sucks and compresses the
refrigerant. In this embodiment, the compressor 1 1s
assembled to an engine for runming and driven by the power
supplied from the engine. The radiator 2 1s a heat exchanger
on the high pressure side which exchanges heat between the
refrigerant of high pressure, which has been discharged from
the compressor 1, and the outside air so that the refrigerant of
high pressure can be cooled.

In this connection, 1n this embodiment, the pressure of the
refrigerant of high pressure 1s set at a value lower than the
critical pressure of the refrigerant. Therefore, while the refrig-
erant 1s changing from the vapor phase to the liquid phase 1n
the radiator 2, the enthalpy of the refrigerant 1s decreased.

Therecerver 3 1s a vapor-liquid separator for separating the
refrigerant flowing out from the radiator 2 1nto a vapor-phase
refrigerant and a liquid-phase refrigerant and for storing the
redundant refrigerant as the liquid-phase refrigerant. The




US RE42,908 E

S

supercooler 4 1s a sub-cooler for further cooling the liquid
phase refrigerant, which 1s supplied from the recetver 3, so as
to enhance the degree of supercooling of the refrigerant.

In this connection, 1n the present embodiment, the radiator
2 which functions as a condenser, receiver 3 and supercooler
4, are integrated with each other into one body by means of
brazing.

The expansion valve 5 1s a decompressing means for
decompressing the refrigerant at high pressure. In this
embodiment, the temperature type expansion valve 1s
employed in which the variable throttling portion for adjust-
ing the degree of throttling according to the degree of super-
heat on the delivery side of the evaporator 6 and the tempera-
ture detecting portion for detecting the degree of superheat of
the refnigerant are integrated into one body. The detailed
explanations of the structure will be made later.

The evaporator 6 1s a low temperature side heat exchanger
for evaporating the liquid phase refrigerant which has been
decompressed by the expansion valve 5. In this embodiment,
the evaporator 6 operates 1 such a manner that heat 1s
absorbed from a current of air blowing out into the passen-
ger’s compartment and the refrigerant 1s evaporated so that
the current of air blowing out 1nto the passenger’s compart-
ment can be cooled and the thus absorbed heat 1s radiated
outside by the radiator 2. On the contrary, heat may be
absorbed from the outside air and the thus absorbed heat may
be radiated into the current of air blowing out into the pas-
senger’s compartment so that the passenger’s compartment
can be heated.

In the internal heat exchanger 7, heat 1s exchanged between
the refrigerant at high pressure, before the decompression
conducted by the expansion valve 5, and the refrigerant of low
pressure, to be sucked 1nto the compressor 1. By this internal
heat exchanger 7, the refrigerant flowing into the expansion
valve 5 1s cooled, and the enthalpy of the refrigerant flowing,
into the evaporator 6 1s decreased. On the contrary, the refrig-
erant sucked into the compressor 1 1s heated, and the degree of
superheat can be increased.

In this connection, the internal heat exchanger 7 1s a double
tube type heat exchanger composed of an inner cylindrical
tube 7a, in which the refrigerant of high pressure tflows, and an
outer cvlindrical tube 7b in which the refrigerant of low
pressure flows. In this connection, 1n this embodiment, both
the 1nner cylindrical tube 7a and the outer cylindrical tube 7b
are formed into a cylinder. However, 1t should be noted that
the present mmvention 1s not limited to the above specific
embodiment and, for example, both the inner cylindrical tube
7a and the outer cylindrical tube 7b may be formed nto a
square tube.

Next, referring to FIGS. 4 and 3, the structure of the expan-
sion valve 5 will be described below.

In FIG. 4, the first pressure chamber 5a 1s an airtightly
closed space in which a predetermined mass of gas (refriger-
ant gas 1n this embodiment) 1s enclosed. This first pressure
chamber 5a 1s composed of a first diaphragm case 5b made of
rigid material such as metal and a thin film-like diaphragm 5c¢.

The valve body 5d adjusts the degree of throttle opening of
the expansion valve 5, that 1s, the degree of opening of the
valve port Se. The valve body 5d and the diaphragm 5c¢ are
mechanically interlocked with each other and displaced
together via the pillar-shaped connecting rod 51.

The spacer 5g guides a displacement of the connecting rod
51 so that the connecting rod 31 can be reciprocated 1n the
axial direction. In this spacer 5g, the conical tapered valve
seat Sh, to stabilize the valve body 3d, 1s formed. This spacer
5¢ 15 1nserted 1nto the housing 37 by transition fit or interfer-
ence {it.
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The housing 57 includes: a high pressure refrigerant inlet
5k connected to the internal heat exchanger 7; a decom-
pressed refrigerant outlet Sm connected to the refrigerant
inlet side of the evaporator 6; and a low pressure refrigerant
introducing port 3n for introducing the pressure of the refrig-
crant which has tlowed out from the evaporator 6.

The pressure introduced from the low pressure refrigerant
introducing port 3n is mtroduced nto the second pressure
chamber 5p provided on the opposite side of the diaphragm 5¢
to the side of the diaphragm 5c¢ on which the first pressure
chamber 5a 1s located. Therefore, the pressure introduced
from the low pressure refrigerant introducing port Sn acts on
the diaphragm 5c¢ from the opposite side to the first pressure
chamber 5a.

In this connection, the second pressure chamber 5p 1s com-
posed of the diaphragm Sc, housing 51 and second diaphragm
case 5s. The second diaphragm case 3s 1s screwed to the
housing 5.

Accordingly, the gas pressure 1n the first pressure chamber
5a acts on the diaphragm 5c¢ 1n a direction so that the throttle
opening can be increased. On the other hand, the refrigerant
pressure 1n the second pressure chamber 5p acts on the dia-
phragm 5c¢ 1n a direction so that the throttle opening can be
decreased.

In this connection, as the temperature 1n the second pres-

sure chamber Sp 1s substantially the same as the refrigerant
temperature on the refrigerant outlet side of the evaporator 6,
the temperature 1n the second pressure chamber Sp 1s trans-
mitted 1nto the first pressure chamber 5a via the diaphragm 5c¢
and the connecting rod 51. Therefore, the temperature 1n the
first pressure chamber 5a becomes substantially the same as
the refrigerant temperature on the refrigerant outlet side of the
evaporator 6. At this time, as a predetermined mass of refrig-
erant 1s enclosed nto the first pressure chamber 5a and the
vapor-phase refrigerant 1n the first pressure chamber 5a 1s
keptin the saturated state at all times, the inner pressure of the
first pressure chamber 5a 1s the same as the pressure of satu-
rated gas.
The spring 3q 1s an elastic means for giving an elastic force
to the diaphragm 5S¢ via the valve body 5d and the connecting
rod 51, wherein this elastic force acts so that a volume of the
first pressure chamber 5a can be reduced from the side of the
diaphragm 5c opposite to the side of the diaphragm 5¢ on
which the first pressure chamber Sa is located, that 1s, from the
second pressure chamber 5p side to the first pressure chamber
5a side. The 1nitial load given to this spring 59 1s determined
by a distance from the load giving portion 5r having a step
portion, which comes into contact with the spring 5q on the
opposite side to the valve body 3d, to the valve seat 5h.

In this case, according to this present embodiment, as the
load giving portion 5r 1s formed being integrated with the
housing 57 1nto one body, the load giving portion 5r can not be
moved with respect to the housing 51, that 1s, the load giving
portion 5r and the housing 57 are composed 1nto a fixed
structure. That 1s, according to this present embodiment, the
pre-load adjusting mechanism for adjusting the 1nitial load 1s
abolished, and the initial load 1s set at a fixed value by the
dimensional relation between the load giving portion Sr and
the valve seat Sh.

In this connection, the maximum displacement of the valve
body 5d at the time of operation of the vapor-compression-
type relrigerating machine 1s small and, further, the spring
constant of the spring 3q 1s set at a low value. Therefore, the
load, which the spring 5q gives to the diaphragm 5c, 1s sub-
stantially the same as the 1mitial load 1rrespective of the posi-
tion of the valve body 5d. Therefore, the diaphragm 5c¢ 1s
displaced so that the force, which 1s generated by the gas
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pressure 1n the first pressure chamber 3a, can be balanced
with the sum of the force, which 1s generated by the pressure
in the second pressure chamber 5p, and the nitial load.

As shown 1n FIG. 5, the expansion valve 5 1s integrated
with the internal heat exchanger 7 into one body under the
condition that the piping means for making the refrigerant of
low pressure tlow by connecting the internal heat exchanger 7
with the compressor 1 and the piping means for connecting,
the expansion valve 5 with the evaporator 6 are accommo-
dated in the integrated casing 8.

In this case, as the expansion valve 5 1s fixed in the casing
8 being interposed between the elastic members 8a and 8b
made of rubber capable of being elastically deformed, the
expansion valve 5 can be elastically deformed 1n the piping
means 7.

In this connection, O-ring 8c 1s a packing member for
maintaining the airtightness of the joining portion, and the lid
8d 1s a member for closing the opening through which the
expansion valve 5 1s inserted into the casing 8. In this embodi-
ment, parts of the expansion valve 5, the casing 8 and the
internal heat exchanger 7 are made of metal, and the casing 8
and the internal heat exchanger 7 are combined with each
other by means of calking, and the lid 8d 1s fixed to the casing
8 by screws.

Next, the operation and effect of this embodiment will be
described below.

A quantity of latent heat of evaporation 1s much larger than
a quantity of sensible heat (specific heat of refrigerant in the
vapor phase). Therefore, in order to effectively increase the
refrigerating capacity of the vapor-compression-type relrig-
erating machine, that 1s, 1n order to effectively increase the
quantity of heat absorbed by the evaporator 6, it 1s necessary
to evaporate the refrigerant in the liquid phase 1n all regions
from the refrigerant inlet to the refrigerant outlet of the evapo-
rator 6.

When the refrigerant of the liquid phase, the quantity of
which 1s larger than the quantity of the refrigerant corre-
sponding to the heat to be absorbed by the evaporator 6, 1s
supplied to the evaporator 6, the refrigerant of the liquad phase
can be evaporated 1n all regions from the refrigerant mlet to
the refrigerant outlet of the evaporator 6. Accordingly, the
quantity ol heat to be absorbed by the evaporator 6 can be
positively ensured. However, there 1s a high possibility that
the refrigerant of the liquid phase 1s sucked 1nto the compres-
sor 1. When the refrigerant 1n the liquid phase 1s sucked into
the compressor 1, the refrigerant 1s excessively compressed,
and the discharging pressure of the compressor 1 1s abnor-
mally raised, which causes damage in the compressor 1 and
the radiator 2.

However, the pressure of gas in the first pressure chamber
5a 1s the saturated gas pressure, and the diaphragm Sc 1s
displaced so that the force, which 1s generated by the gas
pressure 1n the first pressure chamber 3a, can be balanced
with the sum of the force, which 1s generated by the pressure
in the second pressure chamber 5p, and the imitial load. There-
tore, the degree of throttle opening of the expansion valve 5 1s
controlled so that the degree of superheat of the refrigerant at
the 1nlet Sn for introducing the refrigerant of low pressure can
be a value corresponding to the imitial load. Accordingly, from
the 1deal viewpoint, there 1s no possibility that the refrigerant
of the liquid phase 1s sucked 1nto the compressor 1.

Accordingly, as described in the Related Art section, an
operation 1s conventionally conducted as follows. In order to
absorb a difference between the individual bodies of the
expansion valves 5, which 1s caused by the dimensional fluc-
tuation, after all parts have been assembled, the pre-load
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adjusting mechanism 1s adjusted, so that the initial load can be
adjusted and the valve body 5d can be appropriately operated.

On the other hand, 1n this embodiment, as the internal heat
exchanger 7 1s provided, the refrigerant flowing into the
expansion valve 5 1s cooled by this internal heat exchanger 7,
and enthalpy of the refrigerant tlowing into the evaporator 6 1s
decreased. Therefore, the refrigerant sucked into the com-
pressor 1 1s heated, on the contrary.

Accordingly, the heat absorbing capacity of the evaporator
6 can be enhanced by making a difference in enthalpy
between the refrigerant inlet and the refrigerant outlet of the
evaporator 6 large, and it becomes possible to give a degree of
superheat to the refrigerant sucked into the compressor 1.
Accordingly, even 1f the pre-load adjusting mechanism 1s
abolished, the vapor compression type refrigerating machine

can be stably operated.

As shown 1n FIG. 6, it 1s conventional that the pre-load
adjusting mechanism 1s adjusted so that the degree of super-
heat can be 1n a predetermined range at the refrigerant outlet
of the evaporator 6. However, according to the present mnven-
tion, as the vapor-compression-type relfrigerating machine 1s
provided with the internal heat exchanger 7, for example,
even 11 the refrigerant of the liquid phase exists at the refrig-
erant outlet of the evaporator 6, 1t 1s possible to give the degree
of superheat to the refrigerant which 1s sucked 1nto the com-
pressor 1. Therefore, the vapor-compression-type refrigerat-
ing machine can be stably operated 1n a wide operational
range.

As the expansion valve 5 1s accommodated in the casing 8
which composes a piping means, noise caused by the vibra-
tion of the expansion valve 5 can be reduced while the expan-
sion valve 5 1s being protected from heat transmitted from the
engine for running. Accordingly, while the occurrence of
malfunction of the expansion valve 5 caused by the heat
transmitted from the engine 1s being previously prevented, the
degree of freedom of arranging the expansion valve 5 can be
extended.

As the internal heat exchanger 7 and the expansion valve 5
are integrated with each other into one body, 1t 1s possible to
reduce the number of pipes and further it 1s possible to reduce
the number of processes for assembling the vapor-compres-
sion-type refrigerating machine to a vehicle. Furthermore, it
1s possible to mount the vapor-compression-type refrigerat-
ing machine 1n a small space.

As the expansion valve 5 1s fixed 1n the casing 8 in such a
manner that the expansion valve 5 can be elastically dis-
placed, the vibration of the expansion valve 5 generated 1n the
process ol decompression can be absorbed. Therefore, the
occurrence ol noise caused by the vibration of the expansion
valve 5 can be reduced.

(Second Embodiment)

In the first embodiment, the entire expansion valve 5 1s
accommodated 1n the casing 8. However, according to the
second embodiment, as shown 1n FIGS. 7 and 8, when the 1id
8d1s arranged 1n the expansion valve 5, the 11d 8d of the casing
8 1s abolished, so that the number of processes for assembling
can be reduced and further the number of parts can be
reduced.

In this connection, in this embodiment, under the condition
that the valve port Se of the expansion valve 5, that is, the
throttling portion 1s accommodated 1n the casing 8, the expan-
sion valve 5 1s fixed in the casing 8 capable of being elastically
displaced. Therefore, vibration of the expansion valve 5 gen-
erated 1n the process of decompression can be absorbed, and
the occurrence of noise caused by the vibration of the expan-
s1on valve 5 can be reduced.
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(Third Embodiment)

In the first and the second embodiment, the expansion
valve 5 1s accommodated 1n the casing 8. However, according
to the this embodiment, as shown 1n FIG. 9, the expansion
valve 5 1s composed of a single body.

In this connection, 1n the first and the second embodiment,
the load giving portion 5r 1s formed being integrated with the
housing 57 into one body. However, 1n this embodiment, the
load giving portion 5r 1s formed being separate from the
housing 57, and the load giving portion 5r 1s fixed to the
housing 51 by means of calking so that the load giving portion
5r can not be moved with respect to the housing 5.

In this connection, 1n the first and the second embodiment,
in the case where the control characteristic of the expansion
valve 5 1s changed 1n the first and the second embodiment, 1t
1s necessary that at least one of the spacer 5g and the housing
51 1s changed so as to change a dimensional relation between
the load giving portion 5r and the valve seat Sh. However,
according to this embodiment, when the thickness of the load
giving portion 5r 1s changed, the dimensional relation
between the load giving portion 5r and the valve seat 5h can
be changed. Therelore, parts except for the load giving por-
tion 5r can be used 1n common.

(Fourth Embodiment)

In the first to the third embodiment, the expansion valve 5
includes a spring 5q to give the 1nitial load. However, accord-
ing to this embodiment, as shown in FIGS. 10 and 11, the
spring 5q 1s abolished, and the diaphragm 5c¢ 1s displaced only
by the pressure difference Ap between the pressure of gas in
the first pressure chamber 5a and the pressure 1n the second
pressure chamber 5p.

In this connection, in the present embodiment, the dia-
phragm 5¢ and the connecting rod 51 are connected with each
other by means of welding or soldering, and the connecting
rod 31 and the valve body 3d are connected with each other by
means ol welding or soldering. Further, the second dia-
phragm case 3s 1s integrated with the housing 37 into one
body.

In this connection, 1n the present embodiment, after the
connecting rod 51 and the valve body 5d have been joined to
cach other, the connecting rod 51 1s iserted 1into the housing
51, and the diaphragm 5c¢ and the connecting rod 51 are joined
to each other.

Next, the operation and effect of this embodiment will be
described below.

Asthe pressure of gas 1n the first pressure chamber 5a 1s the
saturated gas pressure and the diaphragm 3c 1s displaced so
that the force, which 1s generated by the gas pressure 1n the
first pressure chamber 5a, can be balanced with the force
which 1s generated by the pressure 1n the second pressure
chamber 3p, the degree of throttle opening of the expansion
valve 5 1s controlled so that the pressure of the refrigerant at
the introducing port 5n of introducing the refrigerant of low
pressure can be the saturated gas pressure as shown by the
solid line 1n FIG. 12, that 1s, the degree of throttle opening of
the expansion valve 5 1s controlled so that the degree of
superheat can be O 1n the state 1n which the compressor 1 1s
stopped.

On the other hand, 1n this embodiment, as the internal heat
exchanger 7 1s provided, the refrigerant flowing into the
expansion valve 5 1s cooled by this internal heat exchanger 7,
and enthalpy of the refrigerant tlowing into the evaporator 6 1s
decreased. Therefore, the refrigerant sucked into the com-
pressor 1 1s heated, on the contrary.

Accordingly, the heat absorbing capacity of the evaporator
6 can be enhanced by making a difference in enthalpy
between the refrigerant inlet and the refrigerant outlet of the
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evaporator 6 large, and 1t becomes possible to give the degree
of superheat to the refrigerant sucked into the compressor 1.
Accordingly, even 1f the pre-load adjusting mechanism 1s
abolished, the vapor-compression-type refrigerating machine
can be stably operated.

As the diaphragm 5¢ and the connecting rod 51 are joined to
cach other and the connecting rod 51 and the valve body 5d are
also joined to each other, 1t 1s possible to displace the valve
body 5d being completely interlocked with the displacement
of the diaphragm 5c. Accordingly, the expansion valve 5 can
respond quickly.

In this connection, 1n the first embodiment, as the valve
body 5d 1s pressed down by the spring 5q, when a deformation
speed of the spring 5q 1s lower than a displacement speed of
the diaphragm Sc, there 1s a possibility that the valve body 5d
can not be completely interlocked with the displacement of
the diaphragm 5c.

As the second diaphragm case 5s 1s formed being inte-
grated with the housing 57 into one body, the dimensional
accuracy among the diaphragm 5c¢, valve body 5d and valve
seat Sh can be enhanced.

In the above embodiment, the present invention 1s applied
to the air-conditioner for vehicle use. However, 1t should be
noted that the present mvention 1s not limited to the above
specific embodiment.

The structure of the internal heat exchanger 7 1s not limited
to the specific structure shown in the above embodiment.

While the mvention has been described by reference to
specific embodiments chosen for purposes of illustration, it
should be apparent that numerous modifications could be
made thereto, by those skilled 1n the art, without departing
from the basic concept and scope of the invention.

What 1s claimed 1s:

1. A vapor-compression-type relrigerating machine for
moving heat from a portion on the low temperature side to a
portion on the high temperature side, comprising:

a compressor for sucking and compressing refrigerant;

a radiator for radiating heat from the refrigerant of high

pressure;

an expansion valve for decompressing and expanding the
refrigerant cooled by the radiator;

an evaporator for evaporating the reifrigerant decom-
pressed by the expansion valve so that heat can be
absorbed by the refrigerant; and

an internal heat exchanger for exchanging heat between the
refrigerant of high pressure before the decompression by
the expansion valve and the refrigerant of low pressure
to be sucked by the compressor,

the expansion valve including;

a thin film-like diaphragm forming an airtightly closed
space mto which a predetermined mass of gas 1s
enclosed:

a valve body for changing a degree of throttle opening
being interlocked with a displacement of the diaphragm;

a spring for giving an elastic force to the valve body 1n a
direction so that a volume of the airtightly closed space
can be reduced, from an opposite side of the diaphragm
to the side of the diaphragm on which the airtightly
closed space 1s located; and

a load giving portion for giving an initial load to the spring,
wherein

pressure in the airtightly closed space changes according to
the temperature of the refrigerant flowing out from the
evaporator, pressure of the refrigerant tflowing out from
the evaporator acts on an opposite side of the diaphragm
to the side of the diaphragm on which the airtightly
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closed space 1s located, and the load giving portion can
not be moved with respect to the housing.

2. A vapor-compression-type reifrigerating machine
according to claim 1, wherein the internal heat exchanger 1s a
double tube composed of an 1nner cylindrical tube and outer
cylindrical tube.

3. A vapor-compression-type reifrigerating machine
according to claim 1, wherein the expansion valve 1s accom-
modated 1n a piping means composing a refrigerant passage
in which the refrigerant at low pressure flows.

4. A vapor-compression-type reifrigerating machine
according to claim 3, wherein the expansion valve 1s fixed so
that 1t can be elastically displaced 1in the piping means.

5. A vapor-compression-type relrigerating machine
according to claim 1, wherein the internal heat exchanger and
the expansion valve are integrated with each other into one
body.

6. A vapor-compression-type refrigerating machine for
moving heat from a portion on the low temperature side to a
portion on the high temperature side, comprising:

a compressor for sucking and compressing refrigerant;

a radiator for radiating heat from the refrigerant of high

pressure;

an expansion valve for decompressing and expanding the
refrigerant cooled by the radiator;

an evaporator for evaporating the refrigerant decom-
pressed by the expansion valve so that heat can be
absorbed by the refrigerant; and

an internal heat exchanger for exchanging heat between the
refrigerant of high pressure before the decompression by
the expansion valve and the refrigerant of low pressure
to be sucked by the compressor,

the expansion valve including:

a thin film-like diaphragm forming an airtightly closed
space 1to which a predetermined mass of gas 1s
enclosed; and

a valve body for changing a degree of throttle opening
being interlocked with a displacement of the diaphragm,
wherein

pressure in the airtightly closed space changes according to
the temperature of the refrigerant flowing out from the
evaporator, pressure of the refrigerant flowing out from
the evaporator acts on an opposite side of the diaphragm
to the side of the diaphragm on which the airtightly
closed space 1s located, and the diaphragm 1s displaced
only by a difference 1n pressure between the airtightly
closed space and the refrigerant flowing out from the
evaporator.

7. A vapor-compression-type reifrigerating machine
according to claim 6, wherein the connecting rod for connect-
ing the diaphragm with the valve body 1s joined to the dia-
phragm and, further;

the connecting rod 1s joined to the valve body.

8. A vapor-compression-type relrigerating machine
according to claim 6, wherein a diaphragm case for support-
ing the diaphragm from the opposite side to the side, on which
the airtightly closed space 1s located, 1s integrated with the
housing, 1n which the valve seat 1s formed, by means of
integral forming or joining.

9. A vapor-compression-type reifrigerating machine
according to claim 6, wherein the internal heat exchanger 1s a
double tube composed of an 1nner cylindrical tube and outer
cylindrical tube.

10. A vapor-compression-type reifrigerating machine
according to claim 6, wherein the expansion valve 1s accom-
modated 1n a piping means composing a refrigerant passage
in which the refrigerant at low pressure tlows.
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11. A vapor-compression-type relfrigerating machine
according to claim 10, wherein the expansion valve 1s fixed so
that 1t can be elastically displaced 1n the piping means.

12. A vapor-compression-type relfrigerating machine
according to claim 6, wherein the internal heat exchanger and
the expansion valve are integrated, with each other, into one
body.

13. The vapor-compression-type refrigerating machine
according to claim 1, wherein the expansion valve regulates
an amount of refrigerant supplied to the evaporator to adjust
a state of refrigerant flowing between the evaporator and the
internal heat exchanger within a rvange between a dryness
X=0.9 and a superheat SH=5° C.

14. The vapor-compression-type refrigerating machine
according to claim 13, wherein the state of refrigerant is
adjusted within a rvange between a dryness X=0.9 and a
superheat SH=0° C.

15. The vapor-compression-type refrigerating machine
according to claim 13, wherein the state of rvefrigerant is
adjusted within a range between a superheat SH=0° C. and a
superheat SH=5° C.

16. The vapor-compression-type refrigerating machine
according to claim 6, wherein the expansion valve regulates
an amount of refrigerant supplied to the evaporator to adjust
a state of vefrigerant flowing between the evaporator and the
internal heat exchanger within a range between a dryness
X=0.9 and a superheat SH=5° C.

17. The vapor-compression-type refrigerating machine
according to claim 16, wherein the state of refrigerant is
adjusted within a range between a dryness X=0.9 and a
superheat S=0° C.

18. The vapor-compression-type refrigerating machine
according to claim 16, wherein the state of rvefrigerant is
adjusted within a range between a superheat SH=0° C. and a
superheat SH=5° C.

19. A vapor-compression-type refrigerating machine for
moving heat from a portion on a low temperature side to a
portion on a high temperature side, comprising:

a compressor for sucking and compressing vefrigervant;

a rvadiator for radiating heat from the refrigevant of high

pressure;

an expansion device disposed between a high pressure side

and a low pressure side of the vapor-compression-type
refrigerating machine, the expansion device having a
passage in which the refrigerant cooled by the radiator
flows;

an evaporator for evaporating the vefrigerant decom-

pressed by the expansion device so that heat can be
absorbed by the rvefrigerant; and

an internal heat exchanger disposed between a high pres-

sure passage to the expansion device and a low pressure
passage from the evaporator to provide heat exchange
between the refrigerant of high pressure before the
decompression by the expansion device and the refrig-
erant of low pressure to be sucked by the compressor,
whevrein

the expansion device regulates an amount of refrigerant

supplied to the evaporator to adjust a state of vefrigerant

flowing between the evaporator and the internal heat
exchanger within a vange between a dryness X=0.9 and
a superheat SH=5° C.;

the expansion valve comprises a throttle portion having a

variable opening,; and

the variable opening of the throttle portion is variable

based on a diffevential pressure between a pressurve of
gas in an airtightly closed space, the volume of the
closed space being variable based on a temperature of
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the refrigerant flowing from the evaporator to the inter-

nal heat exchanger and a pressuve of the refrigevant

flowing from the evaporator to the internal heat
exchanger.

20. The vapor-compression-type refrigerating machine

according to claim 19, wherein the state of rvefrigerant is

adjusted within a range between a dryness X=0.9 and a
superheat SH=0° C.

21. The vapor-compression-type refrigerating machine
according to claim 19, wherein the state of rvefrigerant is
adjusted within a range between a superheat SH=0.0 and a

superheat SH=5° C.

22. The vapor-compression-type refrigerating machine
according to claim 19, wherein the internal heat exchangevr is

a double tube including an inner tube and an outer tube.

23. The vapor-compression-type refrigerating machine
according to claim 19, whervein the expansion device is
accommodated in a piping providing a refrigerant passage in
which the rvefrigerant at low pressure flows.

24. The vapor-compression-type refrigerating machine
according to claim 23, wherein the expansion device is fixed
so that it can be elastically displaced in the piping.

25. The vapor-compression-type refrigerating machine
according to claim 19, wherein the internal heat exchanger
and the expansion device are integrated with each other into
one body.

26. An expansion device for a vapor-compression-type
refrigerating cycle, the expansion device comprising:

a throttle portion of which an opening is variable, the

throttle portion receiving refrigerant from an internal
heat exchanger disposed between a high pressure pas-
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sage to the expansion device and a low pressure passage
from an evaporator to provide heat exchange therebe-
tween; and

a temperature detecting portion defining a chamber of

which volume varies in response to a temperature
indicative of a state of rvefrigerant and actuates the
throttle portion, wherein
the throttle portion and the temperature detecting portion
are adjusted to regulate amount of vefrigerant to adjust
the state of refrigerant flowing between the evaporator
and the internal heat exchanger within a vange between
a dryness X=0.9 and a superheat SH=5° C.; and

the variable opening of the throttle portion is variable
based on a differential pressure between a pressure of
gas in the chamber, the volume of the chamber based on
a temperature of the refrigerant flowing from the evapo-
rator to the internal heat exchanger and a pressuve of the
refrigerant flowing from the evaporator to the internal
heat exchanger.

27. The expansion device according to claim 26, wherein
the throttle portion and the temperature detecting portion are
adjusted to adjust the state of rvefrigerant within a range
between a dryness X=0.9 and a superheat SH=0° C.

28. The expansion device according to claim 26, wherein
the throttle portion and the temperature detecting portion are
adjusted to adjust the state of rvefrigerant within a range
between a superheat SH=0° C. and a superheat SH=5° C.

29. The expansion device according to claim 26, further
comprising a housing enabling direct connection with the
internal heat exchanger.
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