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(54) REFRIGERATION CYCLE

(57) Provided is a refrigeration cycle wherein, when
an orifice is disposed within a refrigeration circuit, and a
differential pressure between the upstream side and the
downstream side of the orifice is detected using two pres-
sure sensors, the difference between the characteristics
of the pressure sensors can be adequately and easily
absorbed in software, to accurately determine an actual
differential pressure, so that the flow rate of refrigerant
and the torque of a compressor can be accurately esti-
mated. The refrigeration cycle wherein the orifice is pro-

vided within a refrigerant circuit, and the pressure sen-
sors are respectively provided on the upstream side and
the downstream side of the orifice, is characterized in
that, with regard to output characteristics representing
the relationship between the detected pressure and the
sensor output of each pressure sensor, the difference
between the output characteristics of one pressure sen-
sor and the output characteristics of the other pressure
sensor is determined based on the outputs of both pres-
sure sensors at a condition where the flow of refrigerant
is stopped.
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Description

Technical Field of the Invention

[0001] The present invention relates to a refrigeration
cycle, and specifically, to a refrigeration cycle which has
an orifice and two pressure sensors disposed on the up-
stream and downstream sides thereof, which enables to
estimate a flow rate of refrigerant, a compressor torque,
etc. more accurately and which is suitable in use for an
air conditioning system for vehicles, etc.

Background Art of the Invention

[0002] For example, in a refrigeration cycle having a
compressor, a condenser, a pressure reduction/expan-
sion mechanism and an evaporator in this order, for ex-
ample, in a refrigeration cycle of an air conditioning sys-
tem for vehicles, there is a case where pressure sensors
are respectively provided at an upstream position and a
downstream position in the flow direction of refrigerant
in a refrigerant circuit, and a differential pressure between
the pressures detected by both pressure sensors is de-
termined. Further, in order to give a clear differential pres-
sure efficiently within a short zone, usually, it is effective
to provide an orifice (for example, Patent document 1).
If this differential pressure can be accurately determined,
it becomes possible to accurately estimate a flow rate of
refrigerant having a high correlation with the differential
pressure, and further, to accurately estimate a torque for
driving a compressor using the flow rate of refrigerant. If
the compressor torque can be estimated accurately and
at real time, it also becomes possible to reflect it to a
control of a vehicle engine as a drive source for the com-
pressor, etc. (for example, engine fuel injection control),
and it may contribute to save the fuel consumption of the
vehicle.
[0003] As described above, although it becomes pos-
sible to estimate a flow rate of refrigerant at that time
based on a predetermined relationship between a differ-
ential pressure and a flow rate of refrigerant by providing
pressure sensors respectively on the upstream and
downstream sides of the orifice in the refrigerant flow
direction and determining the differential pressure be-
tween the pressures detected by both pressure sensors,
in order to carry out this estimation at a high accuracy, it
is necessary to determine the differential pressure at a
high accuracy. Then, in order to determine the differential
pressure accurately, it is necessary at least that the pres-
sure detection properties of both pressure sensors are
same, or that the pressure detection properties are rec-
ognized clearly. Each pressure sensor itself does not
have so great problem as long as a single pressure sen-
sor detects a pressure at a certain position, because it
has an excellent repeatability with regard to the relation-
ship between the detected pressure and the sensor out-
put. However, in case where a plurality of pressure sen-
sors are provided, there is a case where a slight differ-

ence occurs between the respective pressure sensors
with regard to the output characteristics representing a
relationship between a detected pressure and a sensor
output ascribed to an error of manufacture of pressure
sensors, etc. Since the above-described differential pres-
sure between the upstream and downstream sides of the
orifice may become a much smaller value as compared
with the absolute value of the pressure detected by each
pressure sensor, if there is a slight difference in output
characteristics between the respective sensors, there is
a high fear that the difference appears as a relatively
large error relatively to the accuracy of the differential
pressure to be determined. If a relatively large error oc-
curs in the determined differential pressure, high-accu-
racy estimation of flow rate of refrigerant or torque of
compressor cannot be expected.

Prior art documents

Patent documents

[0004]

Patent document 1: JP-A-6-281300

Summary of the Invention

Problems to be solved by the Invention

[0005] Accordingly, an object of the present invention
is to provide a refrigeration cycle wherein, when an orifice
is disposed within a refrigeration circuit and a differential
pressure on the upstream and downstream sides thereof
is detected using two pressure sensors, the difference
between the characteristics of the respective pressure
sensors can be adequately and easily absorbed in soft-
ware, to accurately determine an actual differential pres-
sure, so that the flow rate of refrigerant and the torque
of a compressor can be accurately estimated.

Means for solving the Problems

[0006] To achieve the above-described object, a re-
frigeration cycle according to the present invention
wherein an orifice is provided within a refrigerant circuit,
and pressure sensors are respectively provided on an
upstream side and a downstream side of the orifice, is
characterized in that, with regard to output character-
istics representing a relationship between a detected
pressure and a sensor output of each of the pressure
sensors, a difference in characteristics between output
characteristics of one pressure sensor and output char-
acteristics of the other pressure sensor is determined
based on outputs of both pressure sensors at a condition
where a flow of refrigerant is stopped.
[0007] In such a refrigeration cycle according to the
present invention, since a difference in output character-
istics between output characteristics of the respective
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pressure sensors disposed on upstream and down-
stream sides of the orifice is determined at a condition
where a flow of refrigerant is stopped, which is considered
to be a condition at that both pressure sensors substan-
tially detect a same pressure, it becomes possible to ac-
curately determine the difference in output characteris-
tics between the respective pressure sensors ascribed
to error in manufacture, etc. of the respective pressure
sensors, it becomes possible to accurately recognize the
difference in output characteristics in advance before an
actual detection or control is carried out, and as needed,
it becomes possible to carry out a calibration in software
between the pressure sensors. Since such a calibration
in software can be accurately carried out without adding
a mechanical processing to a pressure sensor itself, it
can be performed very easily. Then, if the calibration be-
tween the pressure sensors can be carried out accurate-
ly, an actual differential pressure can be determined ac-
curately.
[0008] This calibration can be achieved, for example,
by the following structure. Namely, it is a structure where-
in a pressure calculation means, into which outputs of
the above-described pressure sensors are inputted, is
provided, and in the pressure calculation means, based
on the above-described difference in characteristics de-
termined, output characteristics of one pressure sensor
is calibrated on the basis of output characteristics of the
other pressure sensor. By this, the output characteristics
of both pressure sensors can be made even in software,
and even if the differential pressure is small, it can be
accurately determined. Namely, in a condition where re-
frigerant flows, using the above-described calibrated out-
put characteristics of the pressure sensor, a differential
pressure between the upstream and downstream sides
of the orifice may be calculated from outputs of both pres-
sure sensors.
[0009] Further, if a relationship between a flow rate of
refrigerant and a differential pressure between the up-
stream and downstream sides of the orifice is being de-
termined by an examination and the like in advance, from
the above-described calculated differential pressure, a
flow rate of refrigerant at that time can be accurately cal-
culated referring to the predetermined relationship be-
tween a flow rate of refrigerant and a differential pressure
between the upstream and downstream sides of the or-
ifice.
[0010] Further, if a relationship between a flow rate of
refrigerant and a torque of the compressor in the refrig-
eration cycle is being determined by an examination and
the like in advance, from the above-described calculated
differential pressure, a torque of the compressor at that
time can be accurately calculated referring to the prede-
termined relationship between a flow rate of refrigerant
and a torque of the compressor in the refrigeration cycle.
[0011] Thus, if the compressor torque can be estimat-
ed accurately, by sending a signal of the above-described
calculated torque of the compressor to a control unit for
a drive source of the compressor, an optimum control of

the drive source can be realized. In case where the drive
source of the compressor is a prime mover for a vehicle
(an engine), by estimating the compressor torque accu-
rately and at real time, it can be reflected, for example,
to a fuel injection control of the engine, thereby contrib-
uting to save the fuel consumption of the vehicle, etc.
[0012] With respect to the above-described calibration
of the output characteristics of the pressure sensor, for
example as described later, it can be carried out using a
preset calculation equation having a correction term. Al-
ternatively, the above-described calibration of the output
characteristics of the pressure sensor can also be carried
out using a map preset with a plurality of output charac-
teristics.
[0013] The above-described difference in characteris-
tics between output characteristics of the pressure sen-
sors is preferably determined after a predetermined time
passes since the refrigeration cycle is stopped. When a
predetermined time passes since the refrigeration cycle
is stopped, because the flow of refrigerant is in a stable
condition, the difference in output characteristics can be
determined more accurately.
[0014] Such a refrigeration cycle according to the
present invention is suitable particularly for use in an air
conditioning system for vehicles which requires an accu-
rate information of compressor driving torque from the
viewpoint of drive control of a prime mover for a vehicle,
etc. Further, also from the viewpoint that the determina-
tion of the difference between output characteristics of
the pressure sensors and the calibration between the
pressure sensors can carried out in software and there-
fore can be inexpensively without requiring a space, it is
suitable for use in an air conditioning system for vehicles
which strongly requires space saving and cost down.

Effect according to the Invention

[0015] In the refrigeration cycle according to the
present invention, when the orifice is disposed within the
refrigeration circuit and the differential pressure between
the upstream and downstream sides thereof is detected
using two pressure sensors, the difference between out-
put characteristics of the respective pressure sensors
can be adequately and easily treated and absorbed in
software, and an actual differential pressure can be de-
termined properly and accurately. Therefore, based on
the differential pressure determined accurately, the flow
rate of refrigerant can be estimated accurately, and ulti-
mately, it becomes possible to estimate the compressor
torque accurately. Consequently, by applying the refrig-
eration cycle according to the present invention, while
achieving a high-accuracy control, and space saving and
cost down as the whole of the refrigeration cycle, an air
conditioning system for vehicles having an optimum for-
mation can be realized.
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Brief explanation of the drawings

[0016]

[Fig. 1] Fig. 1 is a schematic diagram of a refrigeration
cycle according to an embodiment of the present in-
vention.
[Fig. 2] Fig. 2 is an enlarged sectional view showing
an example of a part of an orifice and pressure sen-
sors in the refrigeration cycle depicted in Fig. 1.
[Fig. 3] Fig. 3 is a diagram in characteristics showing
an example of correction of shift of output character-
istics of one pressure sensor relative to output char-
acteristics of the other pressure sensor in the refrig-
eration cycle depicted in Fig. 1.
[Fig. 4] Fig. 4 depicts diagrams in characteristics
showing examples of P-h diagrams of the refrigera-
tion cycle depicted in Fig. 1.

Embodiments for carrying out the Invention

[0017] Hereinafter, desirable embodiments of the
present invention will be explained referring to figures.
Fig. 1 shows a schematic structure of a refrigeration cycle
according to an embodiment of the present invention. In
the figure, symbol 1 indicates the whole of a refrigeration
cycle, and refrigeration cycle 1 has a compressor 2 for
compressing refrigerant, a condenser 3 for condensing
the compressed refrigerant, an expansion valve 4 as a
pressure reduction-expansion mechanism for pressure
reducing and expanding the refrigerant sent from the con-
denser 3, and an evaporator 5 for evaporating the refrig-
erant sent from the expansion valve 4. In this embodi-
ment, an orifice 7 for throttling the flow of refrigerant is
provided on a refrigerant path 6 between condenser 3
and expansion valve 4 in the refrigerant circuit of refrig-
eration cycle 1, and at the upstream and downstream
positions of the orifice 7 in the direction of the refrigerant
flow, a first pressure sensor 8 and a second pressure
sensor 9 each detecting the pressure of refrigerant are
provided, respectively. Orifice 7 and first and second
pressure sensors 8, 9 provided in this refrigerant path 6
are disposed, for example, as shown in Fig. 2. These
may be formed as an integrated unit.
[0018] The outputs of the detected pressures from the
above-described first pressure sensor 8 and second
pressure sensor 9 are sent to pressure calculation means
10. Although each pressure sensor 8 or 9 has output
characteristics representing a relationship between a de-
tected pressure (P) and a sensor output (V) such as one
shown in Fig. 3 for example, output V1 of first pressure
sensor 8 and output V2 of second pressure sensor 9
relative to a detected pressure (P) may be slightly shifted
from each other originating from errors in manufacture
of the respective pressure sensors 8, 9, etc. As afore-
mentioned, there is a case where such a slight shift be-
comes a relatively large amount of shit in case where a
differential pressure between the pressures detected by

both sensors. In pressure calculation means 10, with re-
gard to output characteristics representing a relationship
between a detected pressure and a sensor output of each
of pressure sensors 8, 9, a difference in characteristics
between output characteristics of both sensors is deter-
mined from outputs of both pressure sensors at a condi-
tion where the flow of refrigerant is stopped, preferably,
from outputs of both pressure sensors after a predeter-
mined time (a time necessary for stabilizing the flow of
the refrigerant at its condition being stopped) passes
since refrigeration cycle 1 is stopped. Then, a correction
calculation is performed so that, based on the determined
difference in characteristics, output characteristics of one
pressure sensor is calibrated on the basis of output char-
acteristics of the other pressure sensor. In the example
shown in Fig. 3, the calibration is performed in software
so as to adjust the characteristics of output V2 of second
pressure sensor 9 to the characteristics of output V1 of
first pressure sensor 8, for example, with regard to a ref-
erence pressure Pa. Since this calibration is performed
under a condition where the outputs of both pressure
sensors 8, 9 at the condition of the flow of refrigerant
being stopped, that is, the pressures to be detected by
both pressure sensors 8, 9 are basically in a same pres-
sure (uniform pressure) based on the outputs of both
pressure sensors 8, 9, the calibration is preformed accu-
rately. By this, the output characteristics of both pressure
sensors 8, 9 can be made even in software (for example,
base points such as zero points can be made even in
software), and via pressure detection using the output
characteristics made even, even in case where the dif-
ferential pressure is small in an actual pressure detection
at a condition where the refrigerant flows, the differential
pressure can be accurately and properly determined.
[0019] Such a calibration of the output characteristics
of pressure sensor 9 can be carried out, for example, by
using the following preset calculation equation having a
correction term (H) which corresponds to the above-de-
scribed difference between output characteristics. 

Where, B is a constant.
[0020] Alternatively, although it is not depicted, the
above-described calibration of the output characteristics
of pressure sensor 9 can also be carried out by using a
map preset with a plurality of output characteristics.
[0021] If the differential pressure between the up-
stream and downstream positions of orifice 7 is thus cal-
culated accurately, by a condition where a relationship
between a flow rate of refrigerant and a differential pres-
sure between the upstream and downstream sides of the
orifice is being determined by an examination and the
like in advance and the relationship is stored in memory,
from the differential pressure calculated as described
above, by a refrigerant flow rate estimation means 11, a
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flow rate of refrigerant at that time can be accurately cal-
culated referring to this predetermined relationship be-
tween a flow rate of refrigerant and a differential pressure
between the upstream and downstream sides of the or-
ifice.
[0022] Furthermore, by a condition where a relation-
ship between a flow rate of refrigerant and a torque of
compressor 2 in refrigeration cycle 1 is being determined
by an examination and the like in advance and the rela-
tionship is stored in memory, from the flow rate of refrig-
erant calculated as described above, by a compressor
torque estimation means 12, a torque of the compressor
2 at that time can be accurately calculated referring to
this predetermined relationship between a flow rate of
refrigerant and a torque of the compressor 2 in the re-
frigeration cycle 1.
[0023] Then, if the compressor torque can be thus es-
timated accurately, as aforementioned, by sending a sig-
nal of the estimated compressor torque to a control unit
for a drive source of the compressor (for example, an
engine for a vehicle), an optimum control of the drive
source can be realized. In particular, in case where the
drive source of the compressor is a prime mover for a
vehicle (an engine), by estimating the compressor torque
accurately and at real time, it can be reflected, for exam-
ple, to a fuel injection control of the engine, thereby con-
tributing to save the fuel consumption of the vehicle, etc.
[0024] Where, with respect to the position provided
with the above-described orifice and the property for giv-
ing a pressure loss to the provided orifice, it is possible
to optimize them from the viewpoint of the operation prop-
erty of refrigeration cycle 1. The operation property of
refrigeration cycle 1 can be represented by a P-h dia-
gram, for example, as shown in Figs. 4 (A) and (B). Name-
ly, by orifice 7 provided on refrigerant path 6, a differential
pressure between the upstream and downstream sides
of the orifice can be forcibly given, and it becomes pos-
sible to detect a differential pressure necessary, for ex-
ample, for estimating the flow rate of refrigerant by first
and second pressure sensors 8, 9. Then, it becomes pos-
sible to estimate the flow rate of refrigerant having a high
correlation with this differential pressure by refrigerant
flow rate estimation means 11, and ultimately, to estimate
the compressor torque by compressor torque estimation
means 12. At that time, the stable and accurate detection
of the differential pressure between the upstream and
downstream sides of the orifice may contribute to an ac-
curate estimation of refrigerant flow rate and an accurate
estimation of compressor torque. In order to detect the
differential pressure between the upstream and down-
stream sides of the orifice accurately at a stable condition,
it is preferred to detect it at a condition where there is no
phase change of refrigerant or an extremely small phase
change. For example, as shown in Fig. 4(A), it is preferred
to be set so that a differential pressure ∆P due to the
orifice occurs in the same liquid phase. However, for ex-
ample, as shown in Fig. 4(B), even if a differential pres-
sure ∆P occurs over the phase changing region, although

the accuracy may be reduced slightly, it is possible to
estimate the refrigerant flow rate and the compressor
torque at a sufficiently high accuracy.

Industrial Applications of the Invention

[0025] The refrigeration cycle according to the present
invention can be applied to any refrigeration cycle requir-
ing to determine the differential pressure between up-
stream and downstream sides of an orifice using the or-
ifice and pressure sensors disposed at upstream and
downstream sides thereof, and from the point in that the
calibration of the pressure sensor can be carried out in
software inexpensively, in particular, it is suitable for use
in an air conditioning system for vehicles which strongly
requires cost down.

Explanation of symbols

[0026]

1: refrigeration cycle
2: compressor
3: condenser
4: expansion vale as pressure reduction-expansion
mechanism
5: evaporator
6: refrigerant path
7: orifice
8: first pressure sensor
9: second pressure sensor
10: pressure calculation means
11: refrigerant flow rate estimation means
12: compressor torque estimation means

Claims

1. A refrigeration cycle wherein an orifice is provided
within a refrigerant circuit, and pressure sensors are
respectively provided on an upstream side and a
downstream side of said orifice, characterized in
that, with regard to output characteristics represent-
ing a relationship between a detected pressure and
a sensor output of each of said pressure sensors, a
difference in characteristics between output charac-
teristics of one pressure sensor and output charac-
teristics of the other pressure sensor is determined
based on outputs of both pressure sensors at a con-
dition where a flow of refrigerant is stopped.

2. The refrigeration cycle according to claim 1, wherein
a pressure calculation means, into which outputs of
said pressure sensors are inputted, is provided, and
in said pressure calculation means, based on said
difference in characteristics determined, output
characteristics of one pressure sensor is calibrated
on the basis of output characteristics of the other
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pressure sensor.

3. The refrigeration cycle according to claim 2, wherein,
in a condition where refrigerant flows, using said out-
put characteristics of said pressure sensor calibrat-
ed, a differential pressure between said upstream
and downstream sides of said orifice is calculated
from outputs of both pressure sensors.

4. The refrigeration cycle according to claim 3, wherein,
from said differential pressure calculated, a flow rate
of refrigerant at that time is calculated referring to a
predetermined relationship between a flow rate of
refrigerant and a differential pressure between said
upstream and downstream sides of said orifice.

5. The refrigeration cycle according to claim 4, wherein,
from said flow rate of refrigerant calculated, a torque
of a compressor at that time is calculated referring
to a predetermined relationship between a flow rate
of refrigerant and a torque of said compressor in said
refrigeration cycle.

6. The refrigeration cycle according to claim 5, wherein
a signal of said torque of said compressor calculated
is sent to a control unit for a drive source of said
compressor.

7. The refrigeration cycle according to any of claims 2
to 6, wherein calibration of said output characteristics
of said pressure sensor is carried out using a preset
calculation equation having a correction term.

8. The refrigeration cycle according to any of claims 2
to 6, wherein calibration of said output characteristics
of said pressure sensor is carried out using a map
preset with a plurality of output characteristics.

9. The refrigeration cycle according to any of claims 1
to 8, wherein said difference in characteristics be-
tween output characteristics of said pressure sen-
sors is determined after a predetermined time pass-
es since said refrigeration cycle is stopped.

10. The refrigeration cycle according to any of claims 1
to 9, wherein said refrigeration cycle is used for an
air conditioning system for vehicles.

9 10 



EP 2 461 124 A1

7



EP 2 461 124 A1

8



EP 2 461 124 A1

9



EP 2 461 124 A1

10



EP 2 461 124 A1

11



EP 2 461 124 A1

12

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 6281300 A [0004]


	bibliography
	description
	claims
	drawings
	search report

