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(54) FREEZING CYCLE

(57) In a refrigeration cycle comprising a compres-
sor, a condenser, a pressure reduction and expansion
means, and an evaporator, R1234yf is used as the re-
frigerant, the refrigerant at the exit side of the evaporator
is controlled in a superheated condition, and the refrig-
eration cycle is operated in a range of 5 to 16 degrees
of superheat, and preferably in a range of 10 to 16 de-

grees of superheat. When the refrigerant used is
changed to the new refrigerant R1234yf, while high ad-
vantage for improving the coefficient of performance can
be achieved, the rise in temperature of the discharged
refrigerant is appropriately suppressed so that deterio-
ration of refrigerating machine oil in the refrigerant can
be prevented, and a high-efficiency operation can be re-
alized as the entirety of the refrigeration cycle.
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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 efficiently operated when a specific new-
type refrigerant is used.

Background Art of the Invention

[0002] A refrigeration cycle used in an automotive air
conditioning system, etc., has basic configuration which
is shown in Fig. 1, for example. In Fig. 1, refrigeration
cycle 1 has compressor 2 for compressing refrigerant,
condenser 3 for condensing compressed refrigerant, ex-
pansion valve 4 as a pressure reduction and expansion
means for reducing in pressure and expanding con-
densed refrigerant, and evaporator 5 for evaporating
pressure-reduced and expanded refrigerant, where the
refrigerant is circulated in refrigeration cycle 1 as chang-
ing its state. It is known to be effective for improving the
refrigeration performance that such refrigeration cycle 1
is operated while the refrigerant at the outlet side of evap-
orator 5 is kept in a condition superheated with respect
to its saturation curve.

[0003] For example, where sample 11 of operating
condition of refrigeration cycle 1 is shown in the Mollier
diagram (enthalpy/pressure curve) of Fig. 2, it is known
that the refrigeration performance and the Coefficient Of
Performance (COP) of refrigeration cycle 1 can be some-
times improved by giving degree of superheat 14 with
respect to saturation curve 13 to refrigerant at the outlet
side of evaporator before compression process 12 using
compressor 2. In the Mollier diagram of Fig. 2, symbol
15 implies an isentrope and symbol 16 implies an iso-
temperature line.

[0004] Characteristics as shown in Fig. 2 may be ba-
sically expressed as general characteristics of a refrig-
eration cycle which is operated as keeping the refrigerant
in a superheat condition at the outlet side of the evapo-
rator, regardless of the type of refrigerant. However, the
concrete characteristics having a concrete numeric value
may depend greatly on the type of refrigerant.

[0005] R134a is a refrigerant which is typical at
present, however, research and development to find a
new-type refrigerant are being performed in order to im-
prove Global Warming Potential (GWP), as disclosed in
non-patent document 1. R1234yf has been announced
recently as a new refrigerant aiming at such an improve-
ment, and itis becoming possible that it is examined and
studied for applying to refrigeration cycle used for an au-
tomotive air conditioning system, etc.

Prior art documents

Non-patent documents

[0006] Non-patent document 1: Refrigeration, Vol. 83,
No. 965, March issue, 2008
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Summary of the Invention

Problems to be solved by the Invention

[0007] At present when R134a is used as refrigerant,
the refrigerant condition is generally controlled around 5
superheat degrees at the outlet side of the evaporator,
and the operation, regardless of high load and low load,
is performed in a condition around 5 degrees superheat.
Such a condition of 5 degrees superheat has been con-
figured for the following reasons. (1) The condition of 5
superheat degrees is regarded as being close to the reqg-
uisite minimum to achieve a target refrigeration gasifica-
tion state at the outlet side of the evaporator. (2) If the
condition is set as substantially higher than 5 degrees
superheat, the temperature of refrigerant discharged
from the evaporator might exceed a certain level as caus-
ing deterioration of refrigerant oil contained in the refrig-
erant.

[0008] However, because specific enthalpy difference
of R1234yf in an operating zone is less than that of
R134a, refrigerant flow rate for an operation using
R1234yf has to be increased to achieve a refrigeration
performance same as that for an operation using R134a
as a conventional refrigerant. In order to achieve the
same refrigeration performance in refrigeration cycle 1
with basic configuration as shownin Fig. 1, the refrigerant
flow rate has to be increased by increasing the rotational
speed of compressor 2, however, it may cause an in-
crease of the power consumption of compressor 2, and
consequently refrigeration coefficient of performance
may be reduced, so that the operating condition becomes
undesirable on efficiency.

[0009] According to the above-described new knowl-
edge, an object of the present invention is to provide a
refrigeration cycle which can be operated with a high ef-
ficiency even if the refrigerant has been replaced with
R1234yf as new-type refrigerant.

Means for solving the Problems

[0010] To achieve the above-described object, a re-
frigeration cycle according to the present invention is a
refrigeration cycle comprising a compressor for com-
pressing refrigerant, a condenser for condensing com-
pressed refrigerant, a pressure reduction and expansion
means for reducing in pressure and expanding con-
densed refrigerant, and an evaporator for evaporating
pressure-reduced and expanded refrigerant, character-
ized in that R1234yf is used as refrigerant for the refrig-
eration cycle, and the refrigeration cycle is operated so
that the refrigerant at an exit side of the evaporator is
controlled in a superheated condition, and the superheat-
ed condition is controlled in a range of 5 to 16 degrees
of superheat.

[0011] In other words, it is characterized in that con-
ventional operating condition around 5 superheat de-
grees in a case using R134a as refrigerant so as to keep
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the refrigerant superheated at the exit side of the evap-
orator has been changed to an operating condition be-
tween 5 and 16 superheat degrees, when the refrigerant
has been replaced with R1234yf as a new-type refriger-
ant so as to keep the refrigerant superheated at the exit
side of the evaporator. As shown in Fig. 3, the use of
R1234yf as refrigerant can improve the coefficient of per-
formance (COP) more greatly than the use of R134a as
refrigerant, even when the refrigerant superheat degree
increases as well at the exit side of the evaporator. Fur-
ther, when the R134a is used the condition has actually
to be maintained around 5 superheat degrees in case
thattemperature of discharged refrigerant mightincrease
to deteriorate the refrigerant oil in the refrigerant, and on
the other hand, when R1234yf is used the operating con-
dition can be controlled in a range of 5 - 16 superheat
degrees as keeping the same level of the discharged
refrigerant temperature as operated around 5 superheat
degrees. Therefore, coefficient of performance (COP)
can be improved by increasing superheat degree, as
properly preventing from excessive rise of the discharged
refrigerant temperature, so that operation with high-effi-
ciency and deterioration prevention of the refrigerant oil
can be desirably achieved.

[0012] The refrigeration cycle according to the present
invention may be operated at 5 -16 superheat degrees
of refrigerant at the exit side of the evaporator, and more
preferably, is operated at in a range of 10 - 16 superheat
degrees thereof as keeping the superheat degree as high
as possible, in order to achieve the deterioration preven-
tion of the refrigerant oil by suppressing the discharged
refrigerant temperature rise. Namely, if attention is fo-
cused on the discharged refrigerant temperature shown
in Fig. 4, the above-described operating condition of 10
superheat degrees is comparable with the operating con-
dition around 5 superheat degrees under low load in
R134a case, and the above-described operating condi-
tion of 16 superheat degrees is comparable with the op-
erating condition around 5 superheat degrees under high
load in R134a case. Therefore, the operating condition
of 10 - 16 superheat degrees keeps the discharged re-
frigerant temperature at the same level to any load con-
dition in R134a case, so that the lower limit for operating
condition of superheat degree can be kept as high as
possible. The operating condition range of superheat de-
gree with lower limit of 10 degrees does not overlap the
conventional condition range around 5 superheat de-
grees in R134a case at all.

[0013] In addition, the refrigeration cycle according to
the present invention, whose basic configuration is
shown in Fig. 1, preferably has means for elevating the
degree of superheat of the refrigerant at the exit side of
the evaporator, as compared with a case where R134a
is used as refrigerant. In other words, the means for el-
evating the superheat degree may be provided in order
to meet the operating condition of superheat degree high-
er than around 5 superheat degrees for the R134a case.
For such a means for elevating the degree of superheat,
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conventionally known means and mechanisms can be
applied. For example, a liquid/gas heat exchanger, such
as an internal heat exchanger which exchange heat be-
tween high-pressure side of the condenser outlet and
low-pressure side of the evaporator outlet, can be pro-
vided. As well, the evaporation tube inside the evaporator
may be extended, a so-called sensible heat exchanger
may be provided, or the set value of the pressure-reduc-
tion/expansion means such as expansion valve may be
altered.

[0014] Such a refrigeration cycle according to the
present invention is basically applicable to any refriger-
ation cycle which aims to use the new-type refrigerant
R1234yf, and is specifically suitable to a refrigeration cy-
cle used in an automotive air conditioning system which
is required to achieve efficient operation and to be highly
durable for a long term by preventing the refrigerant oil
from deterioration.

Effect according to the Invention

[0015] The refrigeration cycle according to the present
invention makes it possible that when the refrigerant is
replaced to the new-type refrigerant R1234yf, the im-
provement of coefficient of performance (COP) can be
greatly achieved and the discharged refrigerant temper-
ature can be properly kept from rising as preventing from
the deterioration of the refrigerant oil in refrigerant, so
that refrigeration cycle can be operated efficiently as a
whole.

Brief explanation of the drawings

[0016]

[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 Mollier diagram showing a sample
of the operating condition of the refrigeration cycle
accompanying superheat degree of refrigerant at the
exit side of the evaporator.

[Fig. 3] Fig. 3 is a relationship diagram between su-
perheat degree of refrigerant at the exit side of the
evaporator and the increase rate of coefficient of per-
formance (COP).

[Fig. 4] Fig. 4 is a relationship diagram between su-
perheat degree of refrigerant at the exit side of the
evaporator and temperature of discharged refriger-
ant.

Embodiments for carrying out the Invention

[0017] Hereinafter, the present invention will be ex-
plained as referring to figures as well as embodiments
of the present invention.

The basic configuration of equipments provided in a re-
frigeration cycle of the present invention can be the one
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as shown in Fig. 1. As described above, in Fig. 1 refrig-
eration cycle 1 has compressor 2 for compressing refrig-
erant, condenser 3 for condensing compressed refriger-
ant, expansion valve 4 as a pressure-reduction/expan-
sion means for reducing in pressure and expanding con-
densed refrigerant, and evaporator 5 for evaporating re-
frigerant which is pressure-reduced and expanded,
which is operated as keeping refrigerant superheated at
the exit side of evaporator 5 in refrigeration cycle 1 so as
to improve refrigeration performance. The Mollier dia-
gram in Fig. 2 shows a basic cycle where the refrigerant
changes in state as the superheat degree is given.
[0018] Fig. 3 shows a relationship between superheat
degree of refrigerant at the exit side of the evaporator
and the increase rate of coefficient of performance
(COP), where a case using refrigerant R134a is com-
pared to a case using refrigerant R1234yf, in a certain
condition (refrigerant condensation temperature = 52.6
degrees Celsius; refrigerant evaporation temperature =
10 degrees Celsius; subcool degree in front of expansion
valve = 6.1 deg) of a certain refrigeration cycle. Fig. 3
shows that the COP increase rate rises in both R134a
case and R1234yf case when increasing the superheat
degree of refrigerant at the exit side of the evaporator,
andthatthe increase rate of the R1234yf caseis relatively
higher. Therefore in the R1234yf case, the more superior
coefficient of performance (COP) can be obtained by
keeping high superheat degree of refrigerant at the exit
side of the evaporator.

[0019] Fig. 4 shows a relationship between superheat
degree of refrigerant at the exit side of the evaporator
and temperature of discharged refrigerant, for a high-
pressure (high-load) condition (Condensation tempera-
ture = 79.4 degrees Celsius), a medium-pressure (me-
dium-load) condition (Condensation temperature = 58.0
degrees Celsius), and a low-pressure (low-load) condi-
tion (Condensation temperature =43.0 degrees Celsius).
The conventional set value of superheat degree in the
R134a case has been around 5 deg regardless of loads,
as described above. As shown in Fig. 4, adesirable range
in the R1234yf case can be defined by the superheat
degree of refrigerant at the exit side of the evaporator in
the intersection where the line of discharged refrigerant
temperature value in the R134a case of each condition
intersects the characteristic line of the R1234yf, in order
to keep the discharged refrigerant temperature at the
same level between the R1234yf case and the R134a
case, as suppressing the discharged refrigerant temper-
ature increase. In other words, superheat of 5 deg in a
low-pressure (low-load) condition in the R134a case is
comparable with superheat of 10 deg in a low-pressure
(low-load) condition in the R1234yf case, and superheat
of 5 deg in a high-pressure (high-load) condition in the
R134a case is comparable with superheat of 16 deg in
a high-pressure (high-load) condition in the R1234yf
case. Therefore, Fig. 4 shows that 5 deg as a conven-
tional set value of superheat degree to suppress the dis-
charged refrigerant temperature in the R134a case is
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comparable with 10 deg - 16 deg as a setting range of
superheat degree in the R1234yf case, where the dete-
rioration of refrigerant oil derived from the discharged
refrigerant temperature increase can be suppressed in
operation to the same level as conventional. If the lower
limit value of this range is set to 5 deg which is the same
as conventional, the increase of discharged refrigerant
temperature can be suppressed more securely, so that
the deterioration of refrigerant oil can be prevented more
surely.

[0020] The characteristics comparison between
R134a and R1234yf in Fig. 3 and Fig. 4 and the proper
setting of superheat degree of refrigerant at the exit side
of the evaporator in operation shows that the present
invention makes it possible that, in a case using R1234yf,
coefficient of performance (COP) is improved by high
superheat degree and simultaneously the discharged re-
frigerant temperature is properly prevented from exces-
sive increase, so that both high-efficiency operation and
deterioration prevention of refrigerant oil can be
achieved.

Industrial Applications of the Invention

[0021] The refrigeration cycle according to the present
invention is applicable to any refrigeration cycle, and spe-
cifically, is suitable as a refrigeration cycle used in an
automotive air conditioning system.

Explanation of symbols

[0022]

1: refrigeration cycle

2: compressor

3: condenser

4: expansion valve as pressure-reduction/expan-
sion means

5: evaporator

11:  sample of operating condition of refrigeration cy-
cle

12:  compression process
13:  saturation curve

14:  superheat degree

15:  isentrope

16:  isotemperature line

Claims

1. A refrigeration cycle comprising a compressor for
compressing refrigerant, a condenser for condens-
ing compressed refrigerant, a pressure reduction
and expansion means for reducing in pressure and
expanding condensed refrigerant, and an evapora-
tor for evaporating pressure-reduced and expanded
refrigerant, characterized in that R1234yf is used
as refrigerant for said refrigeration cycle, and said
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refrigeration cycle is operated so that said refrigerant
at an exit side of said evaporator is controlled in a
superheated condition, and said superheated con-
dition is controlled in a range of 5 to 16 degrees of
superheat. 5

The refrigeration cycle according to claim 1, wherein

said refrigeration cycle is operated at said superheat-

ed condition in a range of 10 to 16 degrees of super-
heat of said refrigerant at said exit side of said evap- 10
orator.

The refrigeration cycle according to claim 1, wherein

said refrigeration cycle comprises means for elevat-

ing said degree of superheat of said refrigerant at 75
said exit side of said evaporator, as compared with

a case where R134a is used as refrigerant for said
refrigeration cycle.

The refrigeration cycle according to claim 1, wherein 20

said refrigeration cycle is used in an air conditioning
system for vehicles.
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