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(54) REFRIGERATION CYCLE

(57) A refrigeration cycle provided with a compres-
sor, a condenser, a pressure reduction and expansion
means, an evaporator, and an internal heat exchanger
for exchanging heat between the refrigerant at the exit
side of the condenser and the refrigerant at the exit side
of the evaporator, wherein the refrigeration cycle uses
R1234yf as the refrigerant and the amount of heat ex-

change by the internal heat exchanger is greater than or
equal to a specific value that has been determined be-
forehand by a simulation or an experiment. When a cur-
rently used refrigerant is changed to a new refrigerant
R1234yf, the refrigeration cycle can be operated with a
refrigeration ability as same as or greater than that of
refrigeration cycles using a conventional refrigerant
R134a.
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Description

Technical Field of the Invention

[0001] The present invention relates to a refrigeration cycle, and specifically relates to a refrigeration cycle which can
be operated in a high refrigeration ability when a new-type refrigerant is used.

Background Art of the Invention

[0002] Known is a vapor compression type refrigeration cycle as used in an air conditioning system for vehicles, which
has a basic configuration as shown in Fig.1. In Fig. 1, refrigeration cycle 1 has compressor 2 for compressing refrigerant,
condenser 3 for condensing compressed refrigerant, expansion valve 4 as a pressure reduction and expansion means
for reducing in pressure and expanding condensed refrigerant, evaporator 5 for evaporating pressure-reduced and
expanded refrigerant and internal heat exchanger 6 for exchanging heat between refrigerant at the exit side of the
condenser and refrigerant at the exit side of the evaporator, where the refrigerant is circulated in the arrow direction as
changing in state in refrigerant cycle 1. It has been known that internal heat exchanger 6 provided in refrigeration cycle
1 can generally improve its refrigeration ability. However, internal heat exchanger 6 has not been used actually because
the advantage thereby is relatively low when using typical refrigerant R134a.
[0003] As described above, R134a can be quoted as a typical refrigerant at present, and new type refrigerants have
been researched and developed aiming further improvement of global warming potential (GWP), etc., as disclosed in
Non-patent document 1. R1234yf has been announced recently as a new refrigerant aiming at such an improvement,
and it is becoming possible that it is examined and studied for applying to refrigeration cycle as used for an automotive
air conditioning system.

Prior art documents

Non-patent documents

[0004] Non-patent document 1: Refrigeration, Vol. 83, No. 965, March issue, 2008

Summary of the Invention

Problems to be solved by the Invention

[0005] However, when the new-type refrigerant R1234yf is merely applied to a conventional refrigeration cycle it is
very likely that both refrigeration ability and coefficient of performance (COP) are lowered below those of a refrigeration
cycle using conventional refrigerant R134a. Further in that case, use of above-described internal heat exchanger 6 may
be effective for improving the refrigeration ability, however, amount of the effect is not clarified.
[0006] Accordingly, focusing on the above-described new-type refrigerant, an object of the present invention is to
provide a refrigeration cycle, which can be operated in a high refrigeration ability greater than or equal to a refrigeration
cycle using the conventional refrigerant R134a even when refrigerant is changed to the new-type refrigerant R1234yf.

Means for solving the Problems

[0007] To achieve the above-described object, a refrigeration cycle according to the present invention is a refrigeration
cycle comprising a compressor for compressing refrigerant, a condenser for condensing compressed refrigerant, a
pressure reduction and expansion means for reducing in pressure and expanding condensed refrigerant, an evaporator
for evaporating pressure-reduced and expanded refrigerant, and an internal heat exchanger for exchanging heat between
refrigerant at an exit side of the condenser and refrigerant at an exit side of the evaporator, characterized in that
R1234yf is used as refrigerant for the refrigeration cycle, and an amount of heat exchange by the internal heat exchanger
is greater than or equal to a specific value that has been determined beforehand by a simulation or an experiment.
[0008] Fig. 2 shows how the refrigeration ability can be improved by using the internal heat exchanger when the new-
type refrigerant R1234yf is used in the refrigeration cycle having the same basic configuration as shown in Fig. 1, in
comparison between one case where the conventional refrigerant R134a is used without using an internal heat exchanger
and the other case where the new-type refrigerant R1234yf is used as using an internal heat exchanger, under the same
calculational condition such as condensation temperature, evaporation temperature, superheating degree and subcool-
ing degree. The horizontal axis of Fig. 2 shows quantity of heat exchange by the internal heat exchanger (the ability of
the internal heat exchanger), and the vertical axis thereof shows the refrigeration ability as a whole refrigeration cycle.
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In a case where the new-type refrigerant R1234yf with characteristics different from that of R134a is used the refrigeration
ability changes as shown in Fig. 2 by providing the internal heat exchanger. On the other hand, in a case where the
conventional refrigerant R134a is used without using the internal heat exchanger the quantity of heat exchange by
internal heat exchanger is shown as constant because the internal heat exchanger is not used. In other words, if the
quantity of heat exchange by the internal heat exchanger is greater than or equal to a specific value, such as 0.7kW in
the comparative characteristic diagram shown in Fig. 2, the improvement of refrigeration ability by providing the internal
heat exchanger can be achieved surely in a case where the new-type refrigerant R1234yf is used. However, it can be
found that when the quantity of heat exchange by the internal heat exchanger is less than the specific value, such as
0.7kW in the comparative characteristic diagram shown in Fig. 2, the refrigeration ability with R1234yf is less than that
with R134a, which means that the advantage of providing the internal heat exchanger as seen in the R134a case cannot
be obtained. Therefore, it can be found that only if the quantity of heat exchange by the internal heat exchanger is set
greater than or equal to a specific value, or a predetermined value, the case with R1234yf can achieve refrigeration
ability greater than or equal to the case with R134a, so as to actually improve the refrigeration ability. The present
invention is based on this technical idea and characterized in that, when R1234yf is used as refrigerant for the refrig-
eration cycle an amount of heat exchange by the internal heat exchanger is greater than or equal to a specific value
that has been determined beforehand by a simulation or an experiment. Namely, used is the region identified by hatching,
which is the right side region of the point of intersection with a characteristic line in the R134a case and another char-
acteristic line in the R1234yf case, in Fig. 2. In other words, the specific value of the amount of heat exchange by the
internal heat exchanger is set so that a total refrigeration ability of the refrigeration cycle using R1234yf as refrigerant
is greater than or equal to a total refrigeration ability of a refrigeration cycle using R134a as refrigerant under the same
conditions.
[0009] In order to set the amount of heat exchange by the internal heat exchanger greater or equal to the specific
value, concretely, the size or thermal efficiency of the internal heat exchanger can be set arbitrarily if specification of the
evaporator or the condenser used in each refrigeration cycle is preliminarily known. In a refrigeration cycle which is
configured based on this concept, because the approximate ability of the internal heat exchanger is known, refrigeration
ability as a whole refrigeration cycle can be obtained stably, where the refrigeration ability is kept greater than or equal
to the refrigeration ability in the R134a case by properly controlling the opening degree of the decompression-expansion
means according to the superheating degree of refrigerant at the outlet side connecting to the compressor side of the
internal heat exchanger.
[0010] Such a refrigeration cycle according to the present invention is basically applicable to any refrigeration cycle
which aims to use the new-type refrigerant R1234yf, and is specifically suitable to a refrigeration cycle used in an
automotive air conditioning system which is required to achieve efficient operation for a long term.

Effect according to the Invention

[0011] The refrigeration cycle according to the present invention makes it possible that when the refrigerant is replaced
to the new-type refrigerant R1234yf, the improvement of coefficient of performance (COP) can be greatly achieved, and
superior characteristics, such as improvement of the global warming potential (GWP), etc., which the new-type refrigerant
R1234yf has in itself can be performed.

Brief explanation of the drawings

[0012]

[Fig. 1] Fig. 1 is a schematic framework showing a basic equipment layout of a refrigeration cycle as an object of
the present invention.
[Fig. 2] Fig. 2 is a relational diagram which shows a relation between "AMOUNT OF HEAT EXCHANGE BY INTERNAL
EXCHANGER" and "REFRIGERATION ABILITY" in comparison between characteristics of refrigerants R1234yf
and R134a.
[Fig. 3] Fig. 3 is a relational diagram which shows a relation between "CONDENSATION TEMPERATURE" and
"ABILITY RATE OF INTERNAL HEAT EXCHANGER" where refrigerant R1234yf is used.
[Fig. 4] Fig. 4 is a Mollier diagram which shows an example of operating state of a refrigeration cycle under a certain
condition for refrigerant R1234yf and R134a.
[Fig. 5] Fig. 5 is a Mollier diagram which shows an example of operating state of a refrigeration cycle under another
condition for refrigerant R1234yf and R134a.
[Fig. 6] Fig. 6 is a Mollier diagram which shows an example of operating state of a refrigeration cycle under yet
another condition for refrigerant R1234yf and R134a.
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Embodiments for carrying out the Invention

[0013] Hereinafter, the present invention will be explained with its embodiments as referring to figures.
A basic configuration of equipments of a refrigeration cycle according to the present invention can be the same one as
shown in Fig. 1. In Fig. 1 refrigeration cycle 1 has compressor 2 for compressing refrigerant, condenser 3 for condensing
compressed refrigerant, expansion valve 4 as a pressure reduction and expansion means for reducing in pressure and
expanding condensed refrigerant, evaporator 5 for evaporating pressure-reduced and expanded refrigerant and internal
heat exchanger 6 for exchanging heat between refrigerant at the exit side of the condenser and refrigerant at the exit
side of the evaporator, where the refrigerant is circulated in the arrow direction as changing in state in refrigerant cycle
1, as described above.
[0014] In addition, the present invention basically uses the region identified by hatching, which is the right side region
of the point of intersection with a characteristic line in the R134a case and another characteristic line in the R1234yf
case, in Fig. 2, as described above. In other words, an internal heat exchanger is provided as using the new-type
refrigerant R1234yf, so that the refrigeration ability can be improved from the conventional case using refrigerant R134a.
Characteristic A in Fig. 3 shows how "ability rate of internal heat exchanger", which means an improvement effect of an
ability by an internal heat exchanger to a refrigeration ability as a whole refrigeration cycle, will change when the condition
of the amount of heat exchange by the internal heat exchanger at the point of intersection with a characteristic line in
the R134a case and another characteristic line in the R1234yf case in Fig. 2 is changed to another condition thereof,
such as different condensation temperature of the refrigerant. Further to the characteristic A, Characteristic B in Fig. 3
shows a relation of "ABILITY RATE OF INTERNAL HEAT EXCHANGER TO REFRIGERATION ABILITY" as a whole
refrigeration cycle to "CONDENSATION TEMPERATURE" if the efficiency of the internal heat exchanger is assumed
to be 100%. In other words if the ability of internal heat exchanger is positioned within characteristic line A and characteristic
line B the refrigeration ability improvement effect is supposed to be greater than or equal to the case where R134a is
used. Because the efficiency of heat exchanger is actually less than 100%, an actual setting or a controlling region is
supposed to be positioned within the characteristic lines A and B.
[0015] Since the intersectional point of the characteristic lines A and B in the calculation result shown in Fig. 3 is
positioned at where the ability rate of the internal heat exchanger to refrigeration ability is 6.6%, if the ability rate is no
less than 7% the refrigeration ability is to be surely improved by providing the internal heat exchanger, according to the
relational characteristics shown in Fig. 3. The upper limit value of the ability rate is not specifically limited, and the
refrigeration ability has been confirmed to be improved, even in a condition around 30%, according to the calculation
result shown in Fig. 3.
[0016] An example of calculation results under a certain condition is shown in Table 1, as for the above-described
cases of R134a and R1234yf. The preconditions for calculation are as follows.

* Evaporation temperature: 0 deg
* Condensation temperature: 50 deg
* Superheating degree at evaporator exit: 5 deg
* Subcooling degree at condenser exit: 5 deg
* Pressure loss at heat exchanger/circuit: Assumed to be zero.
* Compressor efficiency: Assumed to be 100%.

[0017]
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[0018] In the case of the new-type refrigerant R1234yf, the refrigeration ability per unit volume can be kept no less
than the level with the conventional refrigerant R134a by increasing the amount of heat exchange of the internal heat
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exchanger as shown in the region surrounded by a bold border in Table 1. Therefore, the compressor does not have to
be operated rapidly any more. In addition, because the density of compressor suction refrigerant becomes low the
circulating volume of refrigerant decreases, and a pressure loss can be reduced. Further, the compressor suction side
refrigerant superheating degree becomes greater and the compressor discharge temperature becomes higher than
R134a, so that the efficiency can be improved. Furthermore, the coefficient of performance (COP) can be kept no less
than the same level with R134a because the increase of the compressor power (consumption power) is comparatively
small.
[0019] Fig. 4 - Fig. 6 show an example of comparative result between R1234yf and R134a on the Mollier diagram.
Fig. 4 - Fig. 6 show respective cases which have varied thermal efficiencies of the internal heat exchanger in the R1234yf
case. The conditions in each Fig. are as follows.
[0020] (1) The Mollier diagram shown in Fig. 4:

* Evaporation temperature: 0 deg
* Condensation temperature: 50 deg
* Superheating degree at evaporator exit: 5 deg
* Subcooling degree at condenser exit: 5 deg
* As for R134a, characteristics without internal heat exchanger are shown.
* As for R1234yf, characteristics with internal heat exchanger of which thermal efficiency is 75.3% are shown.

[0021] (2) The Mollier diagram shown in Fig. 5:

* Evaporation temperature: 0 deg
* Condensation temperature: 50 deg
* Superheating degree at evaporator exit: 5 deg
* Subcooling degree at condenser exit: 5 deg
* As for R134a, characteristics without internal heat exchanger are shown.
* As for R1234yf, characteristics with internal heat exchanger of which thermal efficiency is 93.0% are shown.

[0022] (3) The Mollier diagram shown in Fig. 6:

* Evaporation temperature: 0 deg
* Condensation temperature: 50 deg
* Superheating degree at evaporator exit: 5 deg
* Subcooling degree at condenser exit: 5 deg
* As for R134a, characteristics without internal heat exchanger are shown.
* As for R1234yf, characteristics with internal heat exchanger of which thermal efficiency is 99.9% are shown.

[0023] Besides, though each example as described above is shown as a simulation result by calculation, even the
above-described specific value which has been obtained by an experiment can be used, and alternatively, even the
above-described specific value which has been determined by referring to both the simulation result and the experimental
result can be used.

Industrial Applications of the Invention

[0024] The refrigeration cycle according to the present invention is applicable for every refrigeration cycle where the
new-type refrigerant R1234yf will be used, and specifically suitable as a refrigeration cycle used for an automotive air
conditioning system.

Explanation of symbols

[0025]

1: refrigeration cycle
2: compressor
3: condenser
4: expansion valve as pressure reduction/expansion means
5: evaporator
6: internal heat exchanger
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Claims

1. A refrigeration cycle comprising a compressor for compressing refrigerant, a condenser for condensing compressed
refrigerant, a pressure reduction and expansion means for reducing in pressure and expanding condensed refrig-
erant, an evaporator for evaporating pressure-reduced and expanded refrigerant, and an internal heat exchanger
for exchanging heat between refrigerant at an exit side of said condenser and refrigerant at an exit side of said
evaporator, characterized in that R1234yf is used as refrigerant for said refrigeration cycle, and an amount of heat
exchange by said internal heat exchanger is greater than or equal to a specific value that has been determined
beforehand by a simulation or an experiment.

2. The refrigeration cycle according to claim 1, wherein said specific value of said amount of heat exchange by said
internal heat exchanger is set so that a total refrigeration ability of said refrigeration cycle using R1234yf as refrigerant
is greater than or equal to a total refrigeration ability of a refrigeration cycle using R134a as refrigerant under same
conditions.

3. The refrigeration cycle according to claim 1, wherein said specific value of said amount of heat exchange by said
internal heat exchanger is set as an ability rate to said total refrigeration ability of said refrigeration cycle.

4. The refrigeration cycle according to claim 3, wherein said ability rate of said specific value of said amount of heat
exchange by said internal heat exchanger to said total refrigeration ability of said refrigeration cycle is set at 7% or
greater.

5. The refrigeration cycle according to claim 1, wherein an opening degree of said pressure reduction and expansion
means is controlled depending upon a superheated degree of refrigerant at an exit side of said internal heat exchanger
connected to said compressor.

6. The refrigeration cycle according to claim 1, wherein said refrigeration cycle is used in an air conditioning system
for vehicles.
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