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(54) Expansion device

(57)  An expansion device (3) comprises an orifice
(28) and downstream of a valve hole (24) a valve element
(25) being urged by a shape-memory alloy spring (26) in
valve-opening direction. A shaft (29) fixed to the valve
element (25) co-acts with a valve closing spring (31) for
transmitting load in valve opening direction as generated
by the differential pressure between aninletand an outlet.
The spring (26) senses the downstream side temperature
to perform a temperature-dependent correction of a set
value of the differential pressure which lifts the valve el-
ement (25). The pressure upstream of the valve hole (24)
is controlled as if by absolute pressure. When the up-
stream side pressure tends to exceed a predetermined
pressure, the spring (31) yields to allow the expansion
valve (3) to open which then maintains the predetermined
pressure.
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Description

[0001] The present invention relates to an expansion
device according to the preamble of claim 1, particularly
for a refrigeration cycle for an automotive air conditioner.
[0002] In a known refrigeration cycle using carbon di-
oxide as refrigerant from the viewpoint of global environ-
mental problems, component elements have to have
pressure resistant structures to withstand the high carbon
dioxide operating pressure. When the high operating
pressure enters a dangerous region from a pressure-
withstanding viewpoint, control for reducing the pressure
in the compressor and/or the expansion device is carried
out, or the compressor and the expansion device are
configured to lower the operating pressure.

[0003] In aknown expansion device JP 2004-142701
A the high pressure-side inlet pressure is compared with
atmospheric pressure. When the high pressure-side
pressure exceeds a predetermined pressure, the expan-
sion device opens a valve to lower the high pressure-
side pressure. A bellows externally receives the inlet
pressure for contracting when the pressure of refrigerant
rises too much. The bellows inside is open to the atmos-
phere. A valve mechanism is opened as the bellows con-
tracts proportionally to lower the high inlet pressure. The
bellows senses the high pressure-side pressure in terms
of absolute pressure.

[0004] The expansion device known fro JP-A-
2004-142701 is a differential pressure control valve
which does not sense the high pressure-side pressure
in terms of absolute pressure, but operates in response
to the differential pressure between an inlet pressure and
an outlet pressure. When the differential pressure ex-
ceeds a predetermined pressure value, the expansion
device opens the differential pressure control valve to
lower the inlet pressure. The pressure on the high-pres-
sure side is high with high cooling power and even if the
compressor is operating with maximum displacement,
when the pressure on the high-pressure side exceeds
the predetermined pressure value, there is no need to
control the compressor discharge pressure to decrease.
This allows to operate the compressor efficiently with
high discharge pressure and to maintain high cooling
power in the refrigeration cycle.

[0005] Although the expansion device using the bel-
lows senses high pressure-side pressure in terms of ab-
solute pressure for control, it is necessary to reckon with
a breakdown of the pressure-withstanding property of
the bellows that directly receives the high pressure. In
the expansion device having the differential pressure
control valve, the value of high pressure-side pressure
corresponds to the sum of the low pressure side-pressure
and the differential pressure between the inlet pressure
and the outlet pressure. If then the low pressure side-
pressure undergoes a change, the high pressure-side
pressure is directly influenced by the change, which
makes it impossible to control the high pressure-side
pressure in terms of absolute pressure.
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[0006] Itis an object of the invention to provide an ex-
pansion device which operates in response to the differ-
ential pressure between the inlet pressure and as a pres-
sure relief valve when the high-pressure side pressure
exceeds a predetermined pressure in terms of absolute
pressure.

[0007] This object is achieved by the features of claim
1 or claim 20.

[0008] The expansion device corrects the predeter-
mined value of the differential pressure at which the dif-
ferential pressure control valve opens, according to a
change in the temperature or the pressure of the refrig-
erant on the downstream side, detected by the actuator.
The expansion device corrects the set differential pres-
sure of the differential pressure control valve by using
the temperature or the pressure onthe low-pressure side.
This enables the differential pressure control valve to op-
erate as if it sensed the inlet pressure on the high-pres-
sure side in terms of absolute pressure, without being
influenced by the pressure on the low pressure side in
spite of the differential pressure control valve operating
in response to the differential pressure. Further, when
the inlet pressure exceeds the predetermined pressure
value depending on the operating condition of the com-
pressor, the spring yields to suddenly open the differen-
tial pressure control valve to reduce the inlet pressure.
As a consequence, the inlet pressure is held at the pre-
determined pressure, i.e. it is positively avoided that the
pressure on the high-pressure side becomes abnormally
high.

Fig. 1 is a system diagram of a refrigeration
cycle e.g. using carbon dioxide, and a
first embodiment of an expansion de-
vice,

Fig. 2 is a Mollier chart of carbon dioxide.

Fig. 3 is a section of the fist embodiment of the
expansion device,

Fig. 4 is a diagram of the valve-opening char-
acteristic of the expansion device,

Figs5to 8 are sections of second to fifth embodi-
ments of the expansion device,

Fig. 9 is a diagram of the valve-opening char-
acteristic of the fifth embodiment, and

Figs 10to 15  are sections of sixth to eleventh embod-
iments of the expansion device.

[0009] The refrigeration cycle in Fig. 1 comprises a

compressor 1, a gas cooler 2 for cooling compressed
refrigerant, an expansion device 3 for throttling and ex-
panding the cooled refrigerant, an evaporator 4 for evap-
orating the expanded refrigerant, an accumulator 5 for



3 EP 1816 417 A2 4

storing surplus refrigerant in the refrigeration cycle and
separating gaseous phase refrigerant for compressor 1,
and an internal heat exchanger 6 for performing a heat
exchange between refrigerant flowing from the gas cool-
er 2 to the expansion device 3 and refrigerant flowing
from the accumulator 5 to the compressor 1. Arrows in-
dicate flows of refrigerant.

[0010] As indicated by A-B - C - D - A in the Mollier
chart in Fig. 2, gaseous phase refrigerant is compressed
by the compressor 1 (A - B) into high-temperature, high-
pressure refrigerant which thenis cooled by the gas cool-
er 2 (B - C), is throttled and expanded by the expansion
device 3 (C - D) into low-temperature, low-pressure re-
frigerant which then is evaporated by the evaporator 4
(D - A). When the pressure becomes lower than the sat-
urated vapour line SL, the refrigerant changes into a two-
phase gas-liquid state, and when evaporated in the evap-
orator 4, cools air in the vehicle compartment by depriving
the air of latent heat of vaporization.

[0011] In a refrigeration cycle using carbon dioxide it
is common practice to dispose the internal heat exchang-
er 6 (heat exchange between refrigerant at an outlet port
of the gas cooler 2 and refrigerant at the outlet of the
evaporator 4), so as to lower the enthalpy at the evapo-
rator inlet to enhance the cooling power

[0012] The internal heat exchanger 6 in Fig. 3 has a
high-pressure passage 12 in a body 11 for high-pressure
refrigerant from the gas cooler 2, and a low-pressure pas-
sage for low-pressure refrigerant from the accumulator
5. The expansion device 3 is disposed in a mounting hole
13 at the end of the high pressure passage 12. A pipe
14 communicating with the evaporator 14 is fitted with
locking screws 10 to an open end of the mounting hole
13. The pipe 14 inner diameter is slightly smaller than
the outer diameter of a body 21 of the expansion device 3.
[0013] A central portion of the body 21 has a circum-
ferentially refrigerant-introducing groove 22 which is
open to the high-pressure passage 12, and is formed
with a refrigerant inlet 23 extending toward the centre of
the body 21. An axially formed valve hole 24 communi-
cating with the refrigerantinlet 23 is provided in the centre
of a lower portion of the body 21. A movable valve ele-
ment 25 is disposed downstream of the valve hole 24.
The valve element 25 outer diameter is larger than the
valve hole 24 inner diameter. The pressure from the re-
frigerant inlet 23 acts in valve-opening direction. The
valve element 24 is urged in valve-opening direction by
a shape-memory alloy spring 26 forming a temperature-
sensing section. The spring load may be adjusted by ax-
ially adjusting the relative position of a spring-receiving
member 27 externally fixedly fitted on the valve element
25. An orifice 28 in the body 21 bypasses the valve hole
24,

[0014] The body 21 axially movably holds a shaft 29
the lower end of which extends through the valve hole
24 and is rigidly press-fitted into the valve element 25.
An upper shaft end has a large-diameter engaging por-
tion sitting on a spring-receiving member 30 of a spring
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31 urging the shaft 29 and the valve element 25 in valve-
closing direction. The expansion device 3 is a differential
pressure control valve which opens and closes by the
differential pressure between the pressures upstream
and downstream of the valve hole 24. The load of the
spring 31 is set such as to yield to open the differential
pressure control valve when the inlet side pressure ex-
ceeds an upper limit of a control range of the spring load,
e.g. 13 MPa. The spring load may be adjusted by the
amount of press-fitting the shaft 29 into the valve element
25.

[0015] A feature of the shape-memory alloy spring 26
is that the spring load is reversibly changed with respect
to the cycle of the temperature, i.e. that the spring load
is small at temperatures lower than the transformation
temperature and becomes larger in proportion to a
change in temperature at temperatures higher than the
transformation temperature (transformation between
austenitic/martensitic phases of the alloy). Therefore, the
shape-memory alloy spring 26 serves as a temperature-
sensing actuator or a low temperature-side temperature-
sensing section generating a spring load corresponding
to the refrigerant temperature on the low-pressure side
to control the pressure on the high-pressure side.
[0016] An O-ring 32 seals between the high-pressure
passage 12 and the pipe 14. Similarly, an O-ring 33 be-
tween the body 11 and the pipe 14 seals between the
low-pressure side and the atmosphere.

[0017] When the differential pressure is small, the
spring 31 does not yield and the differential pressure con-
trol valve remains closed. High-pressure refrigerant from
the internal heat exchanger 6 flows through the orifice
28, and is adiabatically expanded into the low-pressure,
low-temperature refrigerant, and is sent via the pipe 14
into the evaporator 4.

[0018] As long as inlet pressure does not rise to 13
MPa (the upper limit of the control range Fig. 4), the ex-
pansion device 3 has a fixed restriction passage cross-
sectional area determined by the orifice 28. When the
inletpressure has reached 13 MPa, the force of the spring
31 in valve-closing direction is overcome. The valve el-
ement 25 is lifted. The valve hole 24 has a sufficiently
larger diameter than the orifice 28. When the inlet pres-
sure exceeds the valve-opening point, the restriction pas-
sage cross-sectional area of the expansion device 3 sud-
denly increases. This sudden increase causes the inlet
pressure to always remain not higher than corresponding
with the valve-opening point.

[0019] The shape-memory alloy spring 26 senses the
expansion device outlet temperature. When the outlet
temperature is high, the shape-memory alloy spring 26
acts in valve-opening direction, but when the outlet tem-
perature is low the spring 26 acts in valve-closing direc-
tion. More specifically, when the outlet temperature of
the refrigerant is higher than the martensitic/transforma-
tion temperature of the shape-memory alloy, the alloy is
changed into an austenite or austenitic phase meaning
that the spring load largely changes corresponding with
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temperature. Then the spring load in valve opening di-
rection on valve element 25 changes according to chang-
es in the outlet temperature.

[0020] For example, when the outlet temperature is
10°C (see Fig. 2), the low pressure side-pressure is ap-
proximately 4.6 MPa. The shape-memory alloy spring 26
generates a spring load corresponding to this pressure
when the temperature is 10°C. The differential pressure
control valve opens at a differential pressure of 8.4 MPa.
The inlet pressure is specifically set to be 13 MPa, which
is obtained by adding 8.4 MP (the differential pressure
as a relative value with respect to 4.6 MPa, which corre-
sponds to the outlettemperature) to 4.6 MPa. At this time,
pressure in the refrigeration cycle changes in the order
of A-B-C-D-A.

[0021] Whenthe outlettemperature has risen to 20°C,
the spring load in valve-opening direction is increased.
Now the differential pressure at which the differential
pressure control valve opens is changed to approximate-
ly 7.15 MPa (Fig. 2). With the outlet temperature of 20°C,
the refrigerant pressure is approximately 5.85 MPa, and
hence the inlet pressure is set to 13 MPa. At this time,
pressure in the refrigeration cycle changes in the order
of V-B-C-D'-A.

[0022] As described above, when high cooling power
is demanded, and the compressor 1 is operating with its
maximum displacement, the expansion device 3 senses
the differential pressure and the outlet temperature, and
performs a temperature-dependent correction of the dif-
ferential pressure by adding the differential pressure to
a pressure corresponding to the outlet temperature, i.e.
the expansion device 3 operates as if the inlet pressure
is controlled by absolute pressure. As soon as the inlet
pressure tends to exceed 13 MPa, the differential pres-
sure control valve serves simply as a suddenly opening
pressure relief valve to maintain the inlet pressure at 13
MPa, preventing an abnormal inlet pressure rise.
[0023] The expansion device 3a (second embodiment
in Fig. 5) senses the inlet temperature such that the re-
frigeration cycle can be operated more efficiently.
[0024] The body 21 has an upper portion with a one
piece tubular cylinder accommodating the spring 31 that
is deformed by the inlet pressure tending to exceed 13
MPa and opening the differential pressure control valve,
and a shape-memory alloy spring 41 for sensing the inlet
temperature. The springs 31, 41 are arranged in series
with a spring receiving member 43 in-between. A biasing
spring 42 for adjusting the characteristic of the shape-
memory alloy spring 41 is arranged parallel with the
shape-memory alloy spring 41. The spring 31 is disposed
between the spring-receiving member 43 through which
the shaft 29 loosely extends and the bottom of the tubular
cylinder. An upward motion of the spring-receiving mem-
ber 43 is restricted by an adjustment member 44 press-
fitted into the cylinder, and a downward motion is restrict-
ed by a stopper 45 rigidly fixed to the shaft 29.

[0025] The adjustment member 44 is press-fitted into
the cylinder until it reaches a position where it is brought
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into abutment with the spring 31 which is fully extended
to a no spring-load status. Even when a force of the inlet
pressure in the valve-opening direction acts via the shaft
29 on the spring 31, the shape-memory alloy spring 41
and the biasing spring 42, the spring 31 is not deformed
as long as the inlet pressure is not higher than 13 Mpa.
First, and when the inlet pressure exceeds 13 MPa, the
spring 31 will yield to quickly open the differential pres-
sure control valve.

[0026] The shape-memory alloy spring 41 senses the
inlet temperature. When the inlet temperature is low, the
shape-memory alloy spring 41 has a small spring load,
and therefore the synthetic load of the shape-memory
alloy spring 41 and the spring 42 is small, and the differ-
ential pressure for opening the differential pressure con-
trol valve is set to a small value. As the inlet temperature
becomes higher, the synthetic load of the shape-memory
alloy spring 41 and the spring 42 becomes larger, and
hence the differential pressure for opening the valve is
set to a larger value, i.e. the shape-memory alloy spring
41 is in a stiffened state between the spring-receiving
member 30 and the spring-receiving member 43 when
the inlet temperature is not lower than a predetermined
temperature at which a change in the spring load of the
shape-memory alloy spring 41 with respect to a change
in the temperature is saturated.

[0027] When in the expansion device 3a the inlet tem-
perature is low, hence the differential pressure control
valve opens by the differential pressure to a very small
opening degree just corresponding to the orifice 28. Re-
frigerant is allowed to flow, causing adiabatic expansion.
At this time, the inlet pressure is controlled to a pressure
determined by the differential pressure across the differ-
ential pressure control valve and a pressure correspond-
ing to the outlet temperature.

[0028] On the other hand, the inlet temperature is
sensed by the shape-memory alloy spring 41 so as to
shift a predetermined value of the differential pressure
subjected to temperature-dependent correction by the
shape-memory alloy spring 26, according to a change in
the inlet temperature. This makes it possible to control
the temperature and the pressure at the inlet, that is, a
temperature and a pressure at point C in Fig. 2, along a
control line CL approximated to an optimal control line
that is considered to be capable of enhancing the cooling
power while maintaining a high performance coefficient
of the refrigeration cycle.

[0029] Of course, when the inlet pressure tends to ex-
ceed 13 MPa, the spring 31 will yield to suddenly open
the differential pressure control valve, which prevents the
inlet pressure from rising above the valve-opening point.
[0030] The expansion device 3b (third embodiment in
Fig. 6) differs from the second embodiment in that the
positional relationship between the spring 31, the shape-
memory alloy spring 41, and the spring 42 is reversed.
[0031] When the inlet temperature is low, the shape-
memory alloy spring 41 has a small spring load. A valve-
opening force generated on the valve element 25 by the
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differential pressure is transmitted via the shaft 29, the
spring-receiving member 30, the spring 31, and the
spring-receiving member 43, to bend the shape-memory
alloy spring 41. The differential pressure control valve
opens to a very small opening degree. At this time the
inlet pressure is controlled to a pressure corresponding
to the differential pressure across the differential pres-
sure control valve and the outlet temperature. Further,
the inlet temperature is controlled by the shape-memory
alloy spring 41 along the control line CL approximated to
the optimal control line. When the spring 31 senses that
the pressure tends exceed 13 MPa, the differential pres-
sure control valve will be suddenly opened.

[0032] Although the expansion device 3c in Fig. 7
(fourth embodiment) has the same basic construction as
the second embodiment, the expansion device 3c differs
in that the spring 31, the shape-memory alloy spring 41,
and the spring 42 can be assembled and adjusted more
easily.

[0033] The spring-receiving member 43 penetrated by
the shaft 29 is integral with a hollow cylindrical body ac-
commodating the shape-memory alloy spring 41 and the
spring 42. A stopper 45 for adjusting both spring loads
via the spring-receiving member 30 is press-fitted into
the hollow cylindrical body. The spring-receiving member
43 is placed on an upper portion of the spring 31. The
adjustment member 44 is rigidly fixed to the body 21 and
accommodates the spring 31 and the spring-receiving
member 43.

[0034] When the expansion device 3c is assembled,
first, the shape-memory alloy spring 41 and the spring
42 are assembled while adjusting their spring loads in
advance. The shape-memory alloy spring 41 and the
spring 42, and the spring-receiving member 30 are
placed in the hollow cylindrical body of the spring receiv-
ing member 43 in the mentioned order. Then the stopper
45 is press-fitted into the hollow cylindrical body until it
reaches a predetermined position, to adjust both spring
loads and to complete a high temperature-side temper-
ature-sensing section. This high temperature-side tem-
perature-sensing section is placed on the spring 31 dis-
posed in an upper space of the body 21. The hollow cy-
lindrical adjustment member 44 having an upper inwardly
bent portion, is put on from above until an upper portion
of the body 21 is partially press-fitted into a lower portion
of the adjustment member 44. The adjustment member
44thenis further pushed down until the bent portion abuts
at an upper end of the spring-receiving member 43,.
Then, the adjustment member 44 is fitted to the body 21.
By respectively pushing the adjustment member 44 down
on the upper portion of the body 21 the spring load of the
spring 31 may be adjusted as desired. Then, the shaft
29 is inserted from above and is press-fitted by a prede-
termined amount into the valve element 25 to which is
applied the adjusted spring load of the shape-memory
alloy spring 26, such that the differential pressure control
valve is made open to a predetermined minimum opening
degree by the shape-memory alloy spring 26.
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[0035] The expansion device 3d in Fig. 8 (fifth embod-
iment) differs from the fourth embodiment in that in place
of the high temperature-side temperature-sensing sec-
tion a single spring 42a is provided for opening the dif-
ferential pressure control valve by a differential pressure
lower than 13 MPa.

[0036] The expansion device 3d is characterized in
that it has (Fig. 9) two valve-opening points at which the
differential pressure control valve opens in response to
changes in the inlet pressure on the upstream side. In
case of lowinlet pressure, the expansion device 3d opens
to the predetermined minimum opening degree, and then
has a fixed restriction passage cross-sectional area.
When the inlet pressure becomes higher, and first ex-
ceeds a predetermined value set by the spring 42a, the
spring 42a will yield and the differential pressure control
valve opens. As the inlet pressure becomes higher, the
restriction passage cross-sectional area then increases
proportionally. When the inlet pressure further increases
and tends to exceed 13 MPa, as set by the spring 31,
the differential pressure control valve suddenly opens to
prevent the inlet pressure from rising above 13 MPa.
[0037] Although the expansion device 3e in Fig. 10
(sixth embodiment) has the construction of the second
embodiment, the expansion device 3e has a high tem-
perature-side temperature-sensing section for sensing
the internal heat exchanger inlet temperature that is, the
temperature at the outlet of the gas cooler 2.

[0038] A refrigerant inlet passage 46 into which high-
pressure refrigerant is introduced from the gas cooler 2
is formed in the high-pressure passage 12 in the body
11 of the internal heat exchanger 6 such that it passes
in the vicinity of the mounting hole 13 for the expansion
device 3e. The mounting hole 13 extends to the refriger-
antinlet passage 46 such that the high temperature-side
temperature-sensing section is located within the refrig-
erant inlet passage 46. An O-ring 47 on the periphery of
the body 21 prevents leakage between the refrigerant
inlet passage 46 and the refrigerant inlet 23. In the ex-
pansion device 3e the operation is similar to the expan-
sion device 3a but the high temperature-side tempera-
ture-sensing section senses the refrigerant temperature
at the gas cooler outlet in the internal heat exchanger
inlet passage 46.

[0039] Theexpansiondevice 3finFig. 11 (seventh em-
bodiment) differs from the sixth embodiment by a simpler
construction of the high temperature-side temperature-
sensing section. The stopper 45 in the high temperature-
side temperature-sensing section of the expansion de-
vice 3e is eliminated, but the shape-memory alloy spring
41 andthe spring 42 are arranged in series with the spring
31 for sensing high pressure. When the temperature and
the pressure at the outlet of the gas cooler 2 are high,
the shape-memory alloy spring 41 acts in the direction
ofincreasing the spring load of the high pressure-sensing
spring 31, and hence the expansion device 3f has the
characteristic that it opens the differential pressure con-
trol valve in response to changes in the inlet pressure at
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a valve-opening point not sharply but more smoothly.
[0040] The expansion device 3g in Fig. 12 (eighth em-
bodiment) differs from the first embodiment in that the
spring 31 is disposed on the downstream side.

[0041] The valve element 25 is disposed downstream
of the valve hole 24 in the body 21. The high pressure-
sensing spring 31 urges the movable piston 51 integral
with the valve element 25 in valve-closing direction. The
shape-memory alloy spring 26 of the low temperature-
side temperature-sensing section urges the piston 51 in
valve-opening direction. The load of the spring 31 is ad-
justed by an adjustment screw 52. The spring 31 yields
in response to the differential pressure between the up-
stream and downstream pressures, whereby a predeter-
mined value of the differential pressure, required for
opening the differential pressure control valve, is sub-
jected to correction dependent on the downstream side
outlettemperature as sensed by the shape-memory alloy
spring 26, whereby when the upstream side pressure is
high, the inlet pressure is always held at 13 MPa as set
by the spring 31. The orifice 28 is formed in the valve
element 25 and allows a minimum flow rate when the
differential pressure control valve is fully closed. A strain-
er 53 is disposed upstream of the valve hole.

[0042] The expansion device 3h in Fig. 13 (ninth em-
bodiment) has incorporated a "second" differential pres-
sure control valve in the "first" differential pressure control
valve. The two differential pressure control valves have
different valve-opening points and function in parallel.
[0043] The orifice 28 in the valve element 25 of the first
differential pressure control valve is a valve hole of the
second differential pressure control valve. A valve ele-
ment 61 disposed on the downstream side co-acts with
the valve hole. A piston 62 integral with the valve element
is axially movably accommodated in the piston 51 of the
first differential pressure control valve. The piston 62 is
urged by the spring 63 in valve-closing direction. The
spring load of the spring 63 is adjusted by an adjustment
screw 64 in the piston 51. In the valve element 61 a by-
passing orifice 65 is provided which allows a minimum
flow rate when the first and second differential pressure
control valves are fully closed.

[0044] The expansion device 3h has the characteristic
showninFig. 9, i.e. has two valve-opening points at which
the expansion device 3h opens in response to changes
in the upstream side inlet pressure. The shape-memory
alloy spring 26 senses the downstream side outlet tem-
perature to correct the predetermined value of differential
pressure required for opening the first differential pres-
sure control valve, whereby the inlet pressure is sensed
as a pseudo absolute pressure. Here, in a stage of low
inlet pressure, the expansion device 3h has a fixed re-
striction passage cross-sectional area determined by the
cross-sectional area of the orifice 65 of the second dif-
ferential pressure control valve. When the inlet pressure
becomes higher, and first, the differential pressure be-
tween the inlet pressure on the upstream side and the
outlet pressure on the downstream side exceeds a pres-
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sure set by the spring 63, the second differential pressure
control valve opens, and as the differential pressure in-
creases further, the restriction passage cross-sectional
area also increases proportionally. After that, when the
inlet pressure reaches 13 MPa, the first differential pres-
sure control valve starts to open. Further, when the inlet
pressure tends to exceed 13 MPa set by the spring 31,
the first differential pressure control valve suddenly
opens. This causes the inlet pressure to decrease, and
prevents an increase above 13 MPa.

[0045] In the first to ninth embodiments, the low tem-
perature-side temperature-sensing section corrects the
predetermined value of the valve-opening differential
pressure for opening the differential pressure control
valve according to changes in the downstream side tem-
perature of the differential pressure control valve. How-
ever, the predetermined value of the valve-opening dif-
ferential pressure can be corrected not only according to
changes in the downstream side temperature but also
according to changes in the downstream side pressure
of the differential pressure control valve. This is because
the refrigerant at the outlet of the expansion device is in
a saturated liquid state, meaning that the temperature
and the pressure of refrigerant are constant without un-
dergoing any change, as shown by line D-A or D’-A’ of
the FIG. 2 Mollier chart. Therefore, if the temperature is
also determined, the pressure is determined.

[0046] Inthe evaporator 4 on the outlet side of the ex-
pansion device, the evaporation pressure of refrigerant
is constant, and moreover between the temperature and
the pressure a linear relation holds, so that it is possible
to consider that sensing the outlet pressure is equivalent
to sensing the temperature at the outlet of the expansion
device. This allows to provide an expansion device with
the same function as in the first to ninth embodiments by
replacing the low temperature-side temperature-sensing
section by a low temperature-side pressure-sensing sec-
tion which senses the pressure at the outlet of the ex-
pansion device, to correct the predetermined value of the
valve-opening differential pressure according to changes
in the downstream side pressure of the differential pres-
sure control valve. Hereinafter, expansion devices with
such a low temperature-side pressure-sensing section
will be explained.

[0047] The expansion device 3i in Fig. 14 (tenth em-
bodiment) has a low temperature-side pressure-sensing
section (in place of the shape-memory alloy spring 26 as
the low temperature-side temperature-sensing section
of the expansion device 3g according to the eighth em-
bodiment). A power element 71 is fixed in a hollow cylin-
drical portion of the body 21. When high pressure is
sensed, the power element 71 acts in the direction of
decreasing the spring load of the high pressure-sensing
spring 31 which sets the valve-opening differential pres-
sure for opening the differential pressure control valve,
to thereby serve as a pressure-sensing actuator that cor-
rects a predetermined value of the valve-opening differ-
ential pressure in a decreasing direction.
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[0048] The power element 71 contains a diaphragm
74 (e.g. a thin metal plate) between an outer housing 72
having a centre projected outward and an inner housing
73 having a central opening and a hub connected to the
body 21. The outer peripheries of the housings 72 and
73 and the diaphragm 74 are welded together either un-
der high-pressure gas or in a vacuum atmosphere. A
hermetically sealed space between the outer housing 72
and the diaphragm 74 accommodates a disc spring 75,
a spring 76, and a spring receiving member 77. The load
of the disc spring 75 is adjusted by combining a plurality
of disc springs (three in the illustrated example) having
respective appropriate spring loads. The spring load of
the spring 76 is adjusted by plastically inwardly deforming
an end face of the outer housing 72 to change the position
ofthe spring-receiving member 77 in the direction of com-
pressing the spring 76. On one side of the diaphragm 74
a displacement-transmitting member 78 is disposed for
transmitting the displacement of the diaphragm 74 to the
spring 31. A step-shaped stopper 79 is formed on an
inner wall of the housing 73 and restricts the motion of
the displacement-transmitting member 78 in the direction
of increasing the spring load of the spring 31. This inhibits
the expansion device from correcting the predetermined
value of the differential pressure when the compressor
1 is operating in a state in which the pressure of refrig-
erant on the downstream side of the differential pressure
control valve is low.

[0049] Although a part of a screw thread of the body
21 in the power element 71 is cut such that the pressure
on the downstream side of the differential pressure con-
trol valve easily reaches the diaphragm 74, the cut-off
part may be dispensed with as the threaded connection
does not completely seal.

[0050] When the differential pressure is small, the
spring 31 is not deformed by the differential pressure.
The differential pressure control valve is closed. At this
time, high-pressure refrigerant from the internal heat ex-
changer 6 flows through the orifice 28 and is adiabatically
expanded to be changed into low-pressure, low-temper-
ature refrigerant, and is sent via the pipe 14 to the evap-
orator 4.

[0051] As long as the inlet pressure does not rise up
to 13 MPa (upper limit of the control range), the expansion
device 3i has a fixed restriction passage cross-sectional
area determined by orifice 28. When the inlet pressure
of the expansion device 3i has reached 13 MPa, the dif-
ferential pressure control valve overcomes the urging
closing force of the spring 31 and opens. The valve hole
24 has a sufficiently larger diameter than the orifice 28.
Therefore, when the inlet pressure exceeds the setvalve-
opening point, the restriction passage cross-sectional ar-
ea of the expansion device 3i suddenly increases. This
sudden increase causes the inlet pressure to always re-
main not higher than corresponding with the valve-open-
ing point.

[0052] The powerelement 71 on the low-pressure side
of the differential pressure control valve senses the outlet
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pressure of the expansion device 3i. When the outlet
pressure is high, the shape of a central portion of the disc
spring 75 that receives the pressure via the diaphragm
74 is changed to become concave inward (downward,
as viewed in Fig. 14) such that the disc spring 75 acts in
the direction of decreasing the valve-opening differential
pressure. When the outlet pressure is low, the shape of
the central portion of the disc spring 75 is inflated outward
(upward, as viewed in Fig. 14) such that the disc spring
75 acts in the direction of increasing the valve-opening
differential pressure. That is, the power element 71 cor-
rects the predetermined value of the valve-opening dif-
ferential pressure, by applying load to the valve element
25 in valve-opening direction corresponding to the outlet
pressure of the differential pressure control valve.
[0053] When high cooling power is demanded and the
compressor 1 is operating with maximum displacement,
the expansion device 3i senses the differential pressure,
and the outlet pressure, and pressure correction is per-
formed by adding the differential pressure to the outlet
pressure. The expansion device 3i the operates as if it
controlled the inlet pressure by absolute pressure. More-
over, when the inlet pressure exceeds 13 MPa, the dif-
ferential pressure control valve suddenly opens, serving
simply as a pressure relief valve, so that the inlet pressure
is controlled to be held at 13 MPa.

[0054] When the chamber accommodating the disc
spring 75 is under vacuum, the power element 71 can
detect the outlet pressure of the expansion device 3i as
an absolute value, and therefore it is possible to accu-
rately monitor the inlet pressure of the expansion device
3i by the absolute pressure. When the chamber accom-
modating the disc spring 75 is charged with a high-pres-
sure gas, it is possible to employ a disc spring 75 having
a small spring load only since the high-pressure gas
charge acts as an additional air spring. In this case, the
stopper 79 restricts the motion of the displacement-trans-
mitting member 78 such that when the expansion device
3i is separately placed as a part, the high-pressure gas
does notinflate the diaphragm 74 excessively toward the
differential pressure control valve.

[0055] In the expansion device 3] in Fig. 15 (eleventh
embodiment), the shape-memory alloy spring 26 of Fig.
13 is changed to the low temperature-side temperature-
sensing section shown in Fig. 14. More specifically, in
the expansion device 3j, the power element 71, which
when sensing a high pressure, corrects the spring load
of the spring 35 urging the first differential pressure con-
trol valve in valve-closing direction, in decreasing direc-
tion, is screwed into the hollow cylindrical portion of the
body 21. Further, the orifice 28 of the valve element 25
of the first differential pressure control valve is provided
with the lateral orifice 65 which allows a minimum flow
rate even when the first and second differential pressure
control valves are fully closed.

[0056] The power element 71 senses the downstream
side outlet pressure to correct the predetermined value
of the differential pressure required for opening the first
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differential pressure control valve, whereby the inlet pres-
sure is sensed as a pseudo absolute pressure. Here, in
a stage of low inlet pressure, the expansion device 3j has
a fixed restriction passage cross-sectional area deter-
mined by the orifice 65 of the second differential pressure
control valve. When the inlet pressure becomes higher,
and first, the differential pressure between the inlet and
outlet pressures exceeds a value set by the spring 63,
the second differential pressure control valve opens, and
as the differential pressure becomes higher, the restric-
tion passage cross-sectional area increases proportion-
ally. After that, when the inlet pressure reaches 13 MPa,
the first differential pressure control valve starts to open.
Further, when the inlet pressure tends to exceed 13 MPa
(as set by the spring 31), the first differential pressure
control valve suddenly opens. This causes the restriction
passage cross-sectional area to suddenly increase, to
lower the inlet pressure from rising above 13 MPa.

Claims

1. An expansion device (3, 3a-3)) for expanding pres-
surized refrigerant circulating through a refrigeration
cycle, characterised by :

a differential pressure control valve (24, 25) for
being opened by the differential pressure be-
tween upstream side and downstream side
pressures;

aspring (31) urging the differential pressure con-
trol valve in valve-closing direction, for causing
the differential pressure control valve to open
when the differential pressure has a value not
lower than a predetermined value; and

an actuator (A) on the downstream side of the
differential pressure control valve (24, 25), for
correcting the predetermined value of the differ-
ential pressure at which said differential pres-
sure control valve opens, according to a change
eitherintemperature orin pressure on the down-
stream side.

2. The expansion device according to claim 1, charac-
terised in that the actuator (A) is a low temperature-
side temperature-sensing section disposed on the
downstream side, for urging a valve element (25) of
the differential pressure control valve in valve-open-
ing direction relative to a valve seat hole (24), and
for correcting the predetermined value of the differ-
ential pressure such that the predetermined value is
made lower according to a rise in the downstream
side temperature.

3. The expansion device according to claim 2, charac-
terised in that the low temperature-side tempera-
ture-sensing section comprises a shape-memory al-
loy spring (26) the spring load of which is changed
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10.

according to a change in the downstream side tem-
perature for correcting the predetermined value of
the differential pressure at which said differential
pressure control valve opens.

The expansion device according to claim 1, charac-
terised by a differential pressure control valve by-
passing orifice (28, 65) parallel to a valve seat hole
(24) of the differential pressure control valve.

The expansion device according to claim 2, charac-
terised in that a shaft (29) extending through the
valve hole (24) is fixed to the valve element (25)
which is disposed downstream of the valve hole (24),
for transmitting a force generated by the differential
pressure, and that the shaft (29) is engaged with the
spring (31) disposed upstream of the valve hole (24)
in a direction in which said spring (31) becomes fur-
ther deformed as the differential pressure becomes
higher, the spring (39) receiving a load in a direction
in which said spring is further deformed via the shaft
(29) as the downstream side temperature becomes
higher, whereby temperature-dependent correction
is performed by said low temperature-side temper-
ature-sensing section.

The expansion device according to claim 5, charac-
terised in that a high temperature-side tempera-
ture-sensing section is disposed in series with the
spring (31) to urge the differential pressure control
valve from the upstream side in valve-closing direc-
tion, for shifting the predetermined value of the dif-
ferential pressure as corrected by said low temper-
ature-side temperature-sensing section, according
to a change in the upstream side temperature.

The expansion device according to claim 6, charac-
terised in that the high temperature-side tempera-
ture-sensing section is another shape-memory alloy
spring (41) the spring load of which changes accord-
ing to the change in the upstream side temperature.

The expansion device according to claim 7, charac-
terised in that a biasing spring (42) is disposed par-
allel with the shape-memory alloy spring (41).

The expansion device according to claim 7, charac-
terised in that a first spring-receiving member (43)
is disposed between the spring (31) and the high
temperature-side temperature-sensing section, that
a stopper (45) is fixed to said shaft (29), and that
when said high temperature-side temperature-sens-
ing section senses a temperature not lower than the
predetermined value, the stopper (45) restricts an
increase in the spring load on the first spring-receiv-
ing member (43).

The expansion device according to claim 9, charac-
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terised in that the shape-memory alloy spring (41)
is accommodated in a bottomed hollow cylindrical
body (21), and that the spring load of the shape mem-
ory alloy spring (41) is adjusted via a second spring-
receiving member (30).

The expansion device according to claim 10, char-
acterised in that a shaft (29) for transmitting a force
generated by the differential pressure in the direction
of lifting the valve element (25) from the valve seat
hole (24) extends through the valve seat hole (24)
and the hollow cylindrical body (21), and is fixed to
the valve element (25), and that the shaft (29) en-
gages at the second spring-receiving member (30)
in a direction in which said shape-memory alloy
spring (49) is further deformed as the differential
pressure becomes higher.

The expansion device according to claim 6, charac-
terised in that the differential pressure control valve
(24, 25) which opens upon deformation of the spring
(31) when the differential pressure becomes higher
than the predetermined value is set to a predeter-
mined very small opening degree when the differen-
tial pressure is not higher than the predetermined
value.

The expansion device according to claim 5, charac-
terised in that another spring (42) is disposed in
series with the spring (31) to urge the differential
pressure control valve (24, 25) from the upstream
side in valve-closing direction for causing the differ-
ential pressure control valve to progressively open
from a set differential pressure lower than the pre-
determined value.

The expansion device according to claim 2, charac-
terised in that another second differential pressure
control valve (61, 28) is provided such that the sec-
ond differential pressure functions in parallel with
said first differential pressure control valve (24, 25),
the second differential pressure control valve being
opened earlier by a differential pressure lower than
the predetermined value at which the spring (31)
yields to open the first differential pressure control
valve (24, 25).

The expansion device according to claim 1, charac-
terised in that the actuator (A) is a low temperature-
side pressure-sensing section supporting a valve el-
ement (25) of the differential pressure control valve
(24, 25) which valve element (25) is loaded by the
spring (31) in valve closing direction and moves on
the downstream side in valve-opening direction rel-
ative to a valve seat hole (24) by the differential pres-
sure, and that the actuator (A) acts in a direction of
decreasing the spring load of the spring (31) accord-
ing to arise inthe downstream side pressure to there-
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16.

17.

18.

19.

20.

16

by correct the predetermined value in a decreasing
direction.

The expansion device according to claim 15, char-
acterised in that the low temperature-side pres-
sure-sensing section comprises a power element
(71) with a diaphragm (74) between first and second
housings (72, 73), that at least one disc spring (75)
is provided within the first housing (72), for support-
ing the diaphragm (74) when the diaphragm is dis-
placed by the downstream side pressure in valve-
opening direction of the differential pressure control
valve.

The expansion device according to claim 16, char-
acterised in that a disc spring accommodating
chamber of the power element (71) is held under
vacuum.

The expansion device according to claim 16, char-
acterised in that a disc spring accommodating
chamber of the power element (71) is filled with a
gas charge, and that a stopper (79) for restricting
inflation of the diaphragm (74) is provided on the
second housing (73).

The expansion device according to claim 15, char-
acterised in that another second differential pres-
sure control valve (28, 65) is provided to function in
parallel with the first differential pressure control
valve (24, 25), the second differential pressure con-
trol valve (28, 65) being opened by a differential pres-
sure lower than the predetermined value at which
the spring (39) yields to open the first differential
pressure control valve (24, 25).

An expansion device for expanding refrigerant cir-
culating through arefrigeration cycle, characterised
in that:

an orifice (28, 65) is provided between a refrig-
erant inlet and a refrigerant outlet of the expan-
sion device (3, 3a-3j);

that at least one differential pressure control
valve (24, 25; 28, 61) is disposed parallel with
the orifice to be opened by the differential pres-
sure between an inlet pressure and an outlet
pressure;

that a spring (31) urges the differential pressure
control valve in valve-closing direction, to cause
the differential pressure control valve to first
open when the differential pressure becomes
not lower than a predetermined value; and
that differential pressure-correcting means are
disposed at the refrigerant outlet, for correcting
a set differential pressure by changing the load
of the spring (31) according to a change in the
outlettemperature orinthe outlet pressure, such



17 EP 1816 417 A2

that an upstream side pressure at which said
differential pressure control valve (24, 25) opens
is not changed.

21. The expansion device according to claim 20, char- 5
acterised in that the differential pressure-correcting
means corrects the set differential pressure in a de-
creasing direction when either the outlettemperature
or the outlet pressure becomes higher.

10

15

20

25

30

35

40

45

50

55

10



EP 1816 417 A2

-

COMPRESSOR
2
GAS COOLER

INTERNAL HEAT
EXCHéANGER

—>

EXPANSION
DEVICE 3—

-—

EVAPORATOR

ACCUMULATDR

5 —

— |

FIG. 1

11



EP 1816 417 A2

@ PRI
=
e -
e

)

N !
e
v |

=< N ils .
e NG
] | “ % — w

o 13MPa

..nlv [oo]
(BdWW) d 3¥NSS3dd

131NO0 NIHM G3LVHINTD FINSSIH TVILINIHIAHI]

diN GI'L = D, 0¢ SI 30IA3A NOISNVJX3 40 THNTVHIdWEL |-

1374N0 NIHM d3LVHINTD JUNSSIHd TVILNIYISHIA

dW '8 = O, 01 SI 30IA3A NOISNVAX3 40 JUNLYHINTL

SL—

140 160 180
ENTHALPY i (kcal/kg)

120

100

FIG. 2

12



EP 1816 417 A2

11

e CINNNNNNNG ©

.

™N
A

SAANNANNNNNNNNNNNNNNY;

‘\\\"3

L

FIG. 3

13



RESTRICTION PASSAGE

EP 1816 417 A2

CROSS-SECTIONAL AREA

:\VALVE—OPENING POINT

13

MPa

INLET PRESSURE OF EXPANSION DEVICE

FIG. 4

14



EP 1816 417 A2

11

L S
<

o393IeT 01/0. mm_ |

U R W R T ANNANANAARANANANN
§ vl oo |
\ g P N
\ ] N s s I \ .
\ NEANANNYANYAYNANEN N —
\ ©
W / 7 77 7]

WU NNNANNNNANNNNNNNNNT /////////////z//N

oA

FIG. 5

15



11

R\ M

EP 1816 417 A2

\\////////////////////\
L LS

\

ﬂ N

\ & —_

ﬂ - NNNNNNN =)

W ~ 7 771
OOOUOOIUMOMINNNNNNNNY

s

16

FIG. 6



EP 1816 417 A2

11

12
—

/

15

<r

p—

,

OO

LSS 7

|
L=

M\\\\\\\\\\\\M\\\ =/

S SA S S SIS S SSSSS SN LA

NS Y

[{p)
™N

©

N

LS LA

SOOI

N

\ C/M\,

FIG. 7

17



11

EP 1816 417 A2

12

N
ﬂ,,wmm/ M,f.

S— 7 T Sy
Ly \m”\\\\\_

NN < —>
7

§§§§M\ g / \\J: \\\vx

f/// SSSSSSSSSSSSYT_ A ////////////////A

N LN

/
v
AN

FIG. 8

18



EP 1816 417 A2

]
e o
5
23 |
ao '
35 ~
23 N\-VALVE-OPENING |
59 | POINT l
4 g | ]
¥ ' |
w e ! [
43 i |
| |
: I
| |
! |
13 MPa

INLET PRESSURE OF EXPANSION DEVICE

FIG. 9

19



EP 1816 417 A2

11

L46 2272722277777 7777Y /— 3e
1 — 41
! 47
e i /_ HR % 26 —
N g %”3211
7 HIR
NI /¥/23 ~—12 -
NP
HN
v77]
N N
AN 7 SN
6526 25 22\13
2 %
g ?
] 9
o 1—14
L/
7 7
] g
¢ 4
]
0oV
% 4

FIG. 10

20



EP 1816 417 A2

11

LLLLL

£

L NNNR NN NRNSNSRNN

N
N
\\\%)9

w

—h

ANNOONNNNNNNNN

26 25

21

Yo/

ZIAN
g\w
Y

/]

%
14
]

%

/]

4

FIG. 11



EP 1816 417 A2

g

——53

/‘ 3g
28

—24

77

21
25

Y

_

26
a1

L L

S~ 52

T T T

FIG. 12

22



EP 1816 417 A2

——53

24

/3h

LLLL

28

21

T}
N

4

©
N

—

5

—
™

‘

d \\Y\\\\\\

N

:

%%////%w

A ——

©

|

©

h \\\\\\\\\ >

=t
3 ©

FIG. 13



EP 1816 417 A2

24

/—3i

28

25

79

T
\\\\&\\wt/ -
N
o/
IIIIIIII =
NN\

72—

7

E\ 76

§T/_ 77
~

FIG. 14

24



EP 1816 417 A2

28

21
25

18

1
1o ™

|

TN L LT T 7B

NN\
71

4N

\\\\\\% g7

—— 76
L— 77

N LN

|

|

4
3 ©

N Y~

75

FIG. 15

25



EP 1816 417 A2
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

. JP 2004142701 A [0003] [0004]

26



	bibliography
	description
	claims
	drawings

