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(57)  This refrigeration system is an orifice-tube sys-
tem constituting a refrigeration cycle in which a refriger-
ant passes through a compressor 1, a condenser 10, an
orifice-tube 3, an evaporator 4, and an accumulator 5 in
this order and then returns to the compressor 1. The
condenser 10 is constituted by the so-called multi-flow
type heat exchanger having a plurality of passes P1-P3.
The intermediate pass P2 is constituted as a decom-
pression pass for decompressing the refrigerant. After
condensing the refrigerant by the first pass P1, the con-
densed refrigerant is decompressed and evaporated by
the decompression pass P2, and then the evaporated
refrigerant is re-condensed by the third pass P3. This
refrigeration system is excellent in response character-
istic to thermal load fluctuations and in refrigeration per-
formance.
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Description

[0001] This application claims priority to Japanese
Patent Application No. 2001-278975 filed on September
14, 2001 and U.S. Provisional Application No.
60/324,542 filed on September 26, 2001, the disclosure
of which is incorporated by reference in its entirety.

Technical Field

[0002] The presentinvention relates to a refrigeration
system for car air-conditioners including a refrigeration
cycle which employs a decompressing tube as decom-
pressing means such as an orifice-tube or a capillary
tube, and also relates to a condenser for use in a de-
compressing-tube system.

Background Art

[0003] Generally, as a refrigeration system to be
adopted for car air-conditioners or the like, the following
refrigeration systems are well known: that is, an expan-
sion-valve type refrigeration system including an auto-
matic thermal expansion valve (TXV) as a decompress-
ing means (hereinafter referred to as "expansion valve
system"); and an orifice-tube type refrigeration system
(CCOT) including a decompressing tube as decom-
pressing means such as an orifice-tube or a capillary
tube (hereinafter referred to as "orifice-tube system" or
"decompressing-tube system").

[0004] Asshownin Fig. 13, in the orifice-tube system,
the gaseous refrigerant of high temperature and high
pressure from the compressor 1 flows into the condens-
er 2 to be condensed therein. Then, the condensed re-
frigerant passes through the orifice-tube 3 to be decom-
pressed and then flows into the evaporator 4. In the
evaporator 4, the condensed refrigerant exchanges
heat with the ambient air to be evaporated, and then is
introduced into the accumulator 5. In the accumulator 5,
only the gaseous refrigerant is separated from the re-
frigerant introduced in the accumulator 5, and the gas-
eous refrigerant returns to the aforementioned com-
pressor 1. Thus, a refrigeration cycle is formed.

[0005] Ascompared withthe expansion valve system,
this orifice-tube system has fewer components and can
be fabricated by fewer steps. Furthermore, the orifice-
tube system is simple in structure and low in manufac-
turing cost.

[0006] The orifice-tube system is, however, inferior in
response to load fluctuations.

[0007] That is, in the orifice-tube system, a liquefied
refrigerant R stagnates at the subcooling area ranging
from near the inlet of the orifice-tube 3 to the outlet of
the condenser 2. This liquefied refrigerant R increases
when the thermal load of the condenser 2 is small. For
example, when an automobile mounting this refrigera-
tion system is running at a high speed, the thermal load
of the condenser 2 is small because of an enough
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amount of ventilation. In this case, the condenser per-
formance can be fully demonstrated, resulting in an en-
hanced condensation of the refrigerant therein.

[0008] By the way, the amount of refrigerant passing
through the orifice-tube 3 (i.e., circulation amount of re-
frigerant) is constant, and the amount of refrigerant
passing through the orifice-tube 3 is limited. According-
ly, in cases where the thermal load of the condenser de-
creases suddenly, for example, when the running speed
of the car is changed from a low-speed to a high-speed,
the amount of liquefied refrigerant increases suddenly,
and the subcooling area spreads even in the condenser
2. As a result, a large amount of liquefied refrigerant is
temporarily accumulated in the condenser 2. When a
large amount of liquefied refrigerant is accumulated in
the condenser 2, the condensation of refrigerant will not
be performed in the liquefied refrigerant stagnated por-
tion. Accordingly, the effective area for condensing the
refrigerant decreases, which in turn decreases the con-
denser performance.

[0009] To the contrary, in cases where the thermal
load of the condenser increases suddenly, for example,
when the running speed of the car is changed from a
high-speed to a low-speed, the refrigerant is not con-
densed smoothly in the condenser 2. As a result, the
amount of liquefied refrigerant accumulated in the outlet
side portion in the condenser 2 decreases, resulting in
insufficient subcooling degree of the liquefied refriger-
ant. This deteriorates the condenser performance tem-
porarily. As will be apparent from the above, the orifice-
tube system is inferior in response characteristic to load
fluctuations, and cannot obtain sufficient refrigeration
performance.

[0010] It is an object of the present invention to pro-
vide a refrigeration system that is excellent in response
characteristic to load fluctuations and can obtain suffi-
cient refrigeration performance irrespective of load fluc-
tuations.

[0011] It is an object of the present invention to pro-
vide a condenser for use in a decompressing-tube sys-
tem that is excellent in response characteristic to load
fluctuations and can obtain sufficient refrigeration per-
formance irrespective of load fluctuations.

[0012] Another object of the present invention will be
apparent from the following embodiments.

Disclosure of the Invention

[0013] According to the first aspect of the present in-
vention, a refrigeration system having a refrigeration cy-
cle, comprises:

a compressor for compressing a refrigerant;

a condenser for condensing the refrigerant com-
pressed by the compressor;

adecompressing tube for decompressing the refrig-
erant condensed by the condenser;

an evaporator for evaporating the refrigerant de-
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compressed by the decompressing tube; and

an accumulator for separating a gaseous refriger-
ant from the refrigerant evaporated by the evapora-
tor,

wherein the condenser includes a refrigerant inlet
for introducing the refrigerant compressed by the com-
pressor, a refrigerant outlet for discharging the refriger-
ant condensed by the condenser, a refrigerant passage
for leading the refrigerantintroduced from the refrigerant
inlet to the refrigerant outlet while condensing the refrig-
erant, and decompressing means provided at a part of
the refrigerant passage to decompress the refrigerant
passing through the decompressing means.
[0014] In this refrigeration system, when the thermal
load of the condenser decreases, the condensation of
refrigerant in the condenser is enhanced at the up-
stream side of the decompressing means, and therefore
only the completely liquefied refrigerant passes through
the decompressing means. Thus, the resistance of the
refrigerant passing through the decompressing means
decreases, thereby increasing the flow rate. According-
ly, at the upstream side of the decompressing means
and the downstream side thereof, the condensation of
refrigerant is performed efficiently. Thus, the perform-
ance of the condenser is sufficiently demonstrated.
[0015] To the contrary, when the thermal load of the
condenser increases, the condensation of refrigerant in
the condenser deteriorates at the upstream side of the
decompressing means, and therefore incompletely lig-
uefied refrigerant passes through the decompressing
means. At this time, the amount of gas in the refrigerant
increases, i.e., the volume of the refrigerant passing
through the decompressing means increases, resulting
in increased flow resistance of the refrigerant passing
through the decompressing means, which in turn de-
creases the flow rate. As the flow rate decreases in this
way, the condensation load at the upstream side of the
decompressing means decreases. Accordingly, the
condensation will be performed fully, resulting in en-
hanced condenser performance.
[0016] As will be apparent from the above, since the
refrigerant flow rate can be appropriately adjusted in re-
sponse to fluctuations of thermal load in the condenser,
this refrigeration system is excellent in response char-
acteristics to load fluctuations. Accordingly, sufficient re-
frigeration performance can be obtained.
[0017] In this refrigeration system, an orifice-tube can
be suitably used as the decompressing tube.
[0018] Furthermore, in this refrigeration system, it is
preferable that at least a part of the condensed refriger-
ant is evaporated by the decompressing means and
then re-condensed.
[0019] Thatis, in this refrigeration system, it is prefer-
able that at least a part of the refrigerant condensed at
an upstream side of the decompressing means in the
refrigerant passage is decompressed by the decom-
pressing means into a low-pressure gaseous refriger-
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ant, and the low-pressure gaseous refrigerant is re-con-
densed at a downstream side of the decompressing
means in the refrigerant passage.

[0020] According to the second aspect of the present
invention, a refrigeration system having a refrigeration
cycle in which a refrigerant is compressed into a com-
pressed refrigerant, the compressed refrigerant is con-
densed into a condensed refrigerant, the condensed re-
frigerant is decompressed by giving passage resistance
into a decompressed refrigerant, the decompressed re-
frigerant is evaporated into an evaporated refrigerant,
and then a gaseous refrigerant is separated from the
evaporated refrigerant and re-compressed, wherein a
decompressing passage for decompressing the refrig-
erant is provided at a part of a refrigerant passage in
which the compressed refrigerant is condensed.
[0021] In this refrigeration system, in the same man-
ner as in the aforementioned system, since the flow rate
of the refrigerant is appropriately adjusted by the de-
compressing passage in response to fluctuations of
thermal load, the response characteristics to load fluc-
tuations is excellent, and sufficient refrigeration per-
formance can be obtained.

[0022] According to the third aspect of the present in-
vention, a refrigeration system having a refrigeration cy-
cle in which a refrigerant is compressed into a com-
pressed refrigerant, the compressed refrigerant is con-
densed into a condensed refrigerant, the condensed re-
frigerant is decompressed by giving passage resistance
into a decompressed refrigerant, the decompressed re-
frigerant is evaporated into an evaporated refrigerant,
and then a gaseous refrigerant is separated from the
evaporated refrigerant and re-compressed, wherein a
passage for giving passage resistance to the refrigerant
is provided at a part of a refrigerant passage in which
the compressed refrigerant is condensed.

[0023] In this refrigeration system, when the thermal
load of the condenser decreases, the condensation of
refrigerant in the condenser is enhanced at the up-
stream side of the passage for giving passage resist-
ance, and therefore only the completely liquefied refrig-
erant passes through the passage for giving passage
resistance. Thus, the resistance of the refrigerant pass-
ing through the passage for giving passage resistance
decreases, thereby increasing the flow rate. According-
ly, at the upstream side of the passage for giving pas-
sage resistance and the downstream side thereof, the
condensation of refrigerant is performed efficiently.
Thus, the performance of the condenser is sufficiently
demonstrated.

[0024] To the contrary, when the thermal load of the
condenser increases, the condensation of refrigerant in
the condenser deteriorates at the upstream side of the
passage for giving passage resistance, and therefore
incompletely liquefied refrigerant passes through the
passage for giving passage resistance. At this time, the
amount of gas in the refrigerant increases, i.e., the vol-
ume of the refrigerant passing through the passage for
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giving passage resistance increases, resulting in in-
creased flow resistance of the refrigerant passing
through the passage for giving passage resistance,
which in turn decreases the flow rate. As the flow rate
decreases in this way, the condensation load at the up-
stream side of the passage for giving passage resist-
ance decreases. Accordingly, the condensation will be
performed fully, resulting in enhanced condenser per-
formance.

[0025] As will be apparent from the above, since the
refrigerant flow rate can be appropriately adjusted in re-
sponse to fluctuations of thermal load in the condenser,
this refrigeration system is excellent in response char-
acteristics to load fluctuations. Accordingly, sufficient re-
frigeration performance can be obtained.

[0026] According to the fourth aspect of the present
invention, a refrigeration system having a refrigeration
cycle in which a refrigerant is compressed into a com-
pressed refrigerant, the compressed refrigerant is con-
densed into a condensed refrigerant, the condensed re-
frigerant is decompressed by giving passage resistance
into a decompressed refrigerant, the decompressed re-
frigerant is evaporated into an evaporated refrigerant,
and then a gaseous refrigerant is separated from the
evaporated refrigerant and re-compressed, wherein a
small-cross-sectional passage, i.e., a passage whose
passage cross-sectional area is smaller than that of
each passage located before and after the passage is
provided at a part of a refrigerant passage in which the
compressed refrigerant is condensed.

[0027] In this refrigeration system, when the thermal
load of the condenser decreases, the condensation of
refrigerant in the condenser is enhanced at the up-
stream side of the small-cross-sectional passage, and
therefore only the completely liquefied refrigerant pass-
es through the small-cross-sectional passage. Thus, the
resistance of the refrigerant passing through the small-
cross-sectional passage decreases, thereby increasing
the flow rate. Accordingly, at the upstream side of the
small-cross-sectional passage and the downstream
side thereof, the condensation of refrigerant is per-
formed efficiently. Thus, the performance of the con-
denser is sufficiently demonstrated.

[0028] To the contrary, when the thermal load of the
condenser increases, the condensation of refrigerant in
the condenser deteriorates at the upstream side of the
small-cross-sectional passage, and therefore incom-
pletely liquefied refrigerant passes through the small-
cross-sectional passage. At this time, the amount of gas
in the refrigerant increases, i.e., the volume of the re-
frigerant passing through the small-cross-sectional pas-
sage increases, resulting in increased flow resistance
of the refrigerant passing through the small-cross-sec-
tional passage, which in turn decreases the flow rate.
As the flow rate decreases in this way, the condensation
load at the upstream side of the small-cross-sectional
passage decreases. Accordingly, the condensation will
be performed fully, resulting in enhanced condenser
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performance.

[0029] As will be apparent from the above, since the
refrigerant flow rate can be appropriately adjusted in re-
sponse to fluctuations of thermal load in the condenser,
this refrigeration system is excellent in response char-
acteristics to load fluctuations. Accordingly, sufficient re-
frigeration performance can be obtained.

[0030] According to the fifth aspect of the present in-
vention, as the condenser in the refrigeration system ac-
cording to the aforementioned first and second aspects
of the present invention, the so-called multi-flow type
heat exchanger is employed.

[0031] That is, a refrigeration system having a refrig-
eration cycle, comprises:

a compressor for compressing a refrigerant;

a condenser for condensing the refrigerant com-
pressed by the compressor;

adecompressing tube for decompressing the refrig-
erant condensed by the condenser;

an evaporator for evaporating the refrigerant de-
compressed by the decompressing tube; and

an accumulator for separating a gaseous refriger-
ant from the refrigerant evaporated by the evapora-
tor,

wherein the condenser includes:

a pair of headers disposed in parallel with each oth-
er at a certain distance;

a plurality of heat exchanging tubes disposed be-
tween the pair of headers with opposite ends there-
of connected with the headers;

a partition provided in the header to group the plu-
rality of heat exchanging tubes into a plurality of
passes;

whereby the plurality of passes constitute a refrig-
erant passage through which the refrigerant passes in
turn, the plurality of passes including a first pass and a
final pass; and further includes:

decompressing means which is disposed at a part
of the refrigerant passage between the first pass
and the final pass to decompress the refrigerant
passing through the decompressing means.

[0032] In this case, in the same manner as in the
aforementioned system, the flow rate of refrigerant is
appropriately adjusted by the decompressing means in
response to fluctuations of thermal load. Thus, the re-
sponse characteristic is excellent, and sufficient refrig-
eration performance can be obtained.

[0033] Inthisinvention, an orifice-tube can be suitably
used as the decompressing tube.

[0034] Furthermore, in this invention, it is preferable
that the plurality of passes include the first pass, the final
pass and one or a plurality of intermediate passes locat-
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ed between the first pass and the final pass, and wherein
the one or a plurality of intermediate passes constitute
a decompressing pass constituting the decompressing
means.

[0035] In this case, a heat exchanging tube can be
used as the decompressing means as it is. Thus, it is
not necessary to attach additional components, and
therefore the structure can be simplified.

[0036] In this refrigeration system, it is preferable that
the intermediate pass located immediately before the fi-
nal pass constitutes the decompressing means, that a
total passage cross-sectional area of the decompress-
ing pass is smaller than that of each pass located im-
mediately before and after the decompressing pass,
and that the number of heat exchanging tubes consti-
tuting the decompressing pass is smaller than that of
each pass located immediately before and after the de-
compressing pass.

[0037] Inthese cases, the decompression effects can
be effectively obtained by the decompressing means.
[0038] According to the sixth aspect of the present in-
vention, a condenser for use in a decompressing-tube
system constituting a refrigeration cycle which includes
a compressor, a decompressing tube, an evaporator
and an accumulator, comprises:

a refrigerant inlet for introducing a refrigerant;

a refrigerant outlet for discharging the refrigerant;
a refrigerant passage for leading the refrigerant in-
troduced from the refrigerant inlet to the refrigerant
outlet while condensing the refrigerant; and
decompressing means which is provided at a part
of the refrigerant passage to decompress the refrig-
erant passing through the decompressing means.

[0039] In this invention, in the same manner as in the
aforementioned cases, the flow rate of refrigerant is ap-
propriately adjusted by the decompressing means in re-
sponse to fluctuations of thermal load. Thus, the re-
sponse characteristic is excellent, and sufficient refrig-
eration performance can be obtained.

[0040] According to the seventh aspect of the present
invention, a condenser for use in a decompressing-tube
system constituting a refrigeration cycle which includes
a compressor, a decompressing tube, an evaporator
and an accumulator, comprises:

a refrigerant inlet for introducing a refrigerant;

a refrigerant outlet for discharging the refrigerant;
a refrigerant passage for leading the refrigerant in-
troduced from the refrigerant inlet to the refrigerant
outlet while condensing the refrigerant; and
means which is provided at a part of the refrigerant
passage to give passage resistance to the refriger-
ant.

[0041] In this invention, in the same manner as in the
aforementioned cases, the flow rate of refrigerant is ap-
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propriately adjusted by the means for giving passage
resistance in response to fluctuations of thermal load.
Thus, the response characteristic is excellent, and suf-
ficient refrigeration performance can be obtained.
[0042] According to the eighth aspect of the present
invention, a condenser for use in a decompressing-tube
system constituting a refrigeration cycle which includes
a compressor, a decompressing tube, an evaporator
and an accumulator, comprises:

a refrigerant inlet for introducing a refrigerant;

a refrigerant outlet for discharging the refrigerant;
a refrigerant passage for leading the refrigerant in-
troduced from the refrigerant inlet to the refrigerant
outlet while condensing the refrigerant; and
diminishing means which is provided at a part of the
refrigerant passage to diminish a cross-sectional
area of the passage.

[0043] In this invention, in the same manner as in the
aforementioned cases, the flow rate of refrigerant is ap-
propriately adjusted by the diminishing means in re-
sponse to fluctuations of thermal load. Thus, the re-
sponse characteristic is excellent, and sufficient refrig-
eration performance can be obtained.

[0044] In this condenser, the so-called multi-flow type
condenser can be used.

[0045] According to the ninth aspect of the present in-
vention, a condenser for use in a decompressing-tube
system constituting a refrigeration cycle which includes
a compressor, a decompressing tube, an evaporator
and an accumulator, comprises:

a pair of headers disposed in parallel with each oth-
er at a certain distance;

a plurality of heat exchanging tubes disposed be-
tween the pair of headers with opposite ends there-
of connected with the headers;

a partition provided in the header;

wherein the plurality of heat exchanging tubes are
grouped by the partition into a plurality of passes con-
stituting a refrigerant passage through which the refrig-
erant passes in turn, the plurality of passes including a
first pass and a final pass; and further comprises:

decompressing means which is disposed at a part
of the refrigerant passage between the first pass
and the final pass to decompress the refrigerant
passing through the decompressing means.

[0046] In this invention, in the same manner as in the
aforementioned cases, the response characteristic is
excellent, and sufficient refrigeration performance can
be obtained.

[0047] In this condenser, it is preferable that the plu-
rality of passes include the first pass, the final pass and
one or a plurality of intermediate passes located be-
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tween the first pass and the final pass, and wherein the
one or a plurality of intermediate passes constitute a de-
compressing pass constituting the decompressing
means.

[0048] In this case, a heat exchanging tube can be
used as the decompressing means as it is.

[0049] Otherobjects and the features will be apparent
from the following detailed description of the present in-
vention with reference to the attached drawings.

Brief Description of the Drawings

[0050] The present invention will be more fully de-
scribed and better understood from the following de-
scription, taken with the appended drawings.

Fig. 1 shows a refrigerant circuit of a refrigeration
system according to an embodiment of the present
invention.

Fig. 2 is a front view showing the condenser em-
ployed in the refrigeration system of the embodi-
ment.

Fig. 3 is a cross-sectional view showing a heat ex-
changing tube used in the condenser of the embod-
iment.

Fig. 4 is an exploded perspective view showing a
heat exchanging tube for condensers according to
a first modification of the present invention.

Fig. 5A is a side cross-sectional view showing the
heat exchanging tube of the first modification, and
Fig. 5B is the front cross-sectional view showing the
heat exchanging tube of the first modification.

Fig. 6 is a cross-sectional view showing a heat ex-
changing tube for condensers according to a sec-
ond modification of the present invention.

Fig. 7 is a Mollier diagram of the refrigeration cycle
in the refrigeration system according to the present
invention.

Fig. 8 shows a refrigerant circuit of a refrigeration
system according to a third embodiment of the
present invention.

Fig. 9is afront view showing a condenser according
to a fourth embodiment of the present invention.
Fig. 10 shows a refrigerant circuit of a refrigeration
system according to the fourth embodiment of the
present invention.

Fig. 11 is a cross-sectional view showing a heat ex-
changing tube for a decompression pass according
to a fourth modification of the present invention.
Fig. 12 is a graph showing the relation of the cooling
performance, the compressor discharge pressure
and the coefficient of performance relative to the
compressor rotating speed in the refrigeration sys-
tem.

Fig. 13 shows a refrigerant circuit of a conventional
orifice-tube system.
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Best Mode for Carrying out the Invention

[0051] Fig. 1 shows a refrigerant circuit of the refrig-
eration system according to an embodiment of the
present invention. Fig. 2 is a front view showing a con-
denser 10 employed in the refrigeration system.
[0052] As shown in these figures, this refrigeration
system is an orifice-tube system. In this system, the gas-
eous refrigerant of high temperature and high pressure
sent out from the compressor 1 is introduced into the
condenser 10 and condensed therein. The condensed
refrigerant is decompressed by the orifice-tube 3 and
then introduced into the evaporator 4. In the evaporator
4, the refrigerant exchanges heat with the ambient air
to be evaporated. Then, only the gaseous refrigerant is
extracted by the accumulator 5 and then returns to the
aforementioned compressor 1.

[0053] In this refrigeration system, the condenser 10
is the so-called multi-flow type heat exchanger, and is
provided with a pair of right and left headers 11 and 11
vertically disposed at a certain distance. Between these
headers 11 and 11, a plurality of heat exchanging flat
tubes 12 are disposed horizontally in parallel at certain
intervals in the direction of up-and-down with the oppo-
site ends thereof connected with the headers 11 and 11.
A corrugated fin 13 is disposed between the adjacent
heat exchanging tubes 12 and 12. Furthermore, a cor-
rugated fin 13 is arranged on each of the outermost heat
exchanging tubes 12. Disposed on the outermost fin 13
is a side plate 14.

[0054] As the heat exchanging tube 12, as shown in
Fig. 3, the so-called harmonica tube having a plurality
of refrigerant passages 12a arranged side by side inside
is generally used.

[0055] In the present invention, in place of the afore-
mentioned heat exchanging tube, the heat exchanging
tube as shown in Figs. 4 and 5 can also be preferably
used. This heat exchanging tube 12 is provided with a
plurality of refrigerant passages 12a. The adjacent re-
frigerant passages 12a and 12a are communicated with
each other via a plurality of communication apertures
12c formed in the partition wall 12b which partitions the
adjacent passages 12a and 12a. Furthermore, the heat
exchanging tube 12 with numerous inner fins 12d as
shown in Fig. 6 can also be suitably used. In this heat
exchanging tube 12, a plurality of inner fins 12d are pro-
truded from the inner surface of each refrigerant pas-
sage 12a.

[0056] As showninFigs. 1and 2, partitions 15 and 16
for dividing the inside of the header 11 are provided at
the predetermined positions of the headers 11 and 11.
In this embodiment, the 1st to 10th heat exchanging
tubes counted from the uppermost tube constitute the
first pass P1. The 11th heat exchanging tube 12 counted
from the uppermost tube constitutes the second pass
P2. The 12th to 14th heat exchanging tubes 12 counted
from the uppermost tube constitute the third pass P3
which is the final pass.
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[0057] In this embodiment, the first pass P1 consti-
tutes a first condensing portion. The second pass P2
constitutes a decompressing pass (a decompressing
means, a decompressing passage), and the third pass
P3 constitutes a second condensing portion (re-con-
densing portion).

[0058] Furthermore, arefrigerantinlet 11ais provided
at the upper portion of one of the headers 11 (right-hand
side header), and a refrigerant outlet 11b is provided at
the lower portion of the other header 11 (left-hand side
header). The refrigerant introduced into the header 11
via the refrigerant inlet 11a passes through the first pass
to the third pass in a meandering manner in turn, and
then flows out of the refrigerant outlet 11b.

[0059] As shown in Fig. 1, this condenser 10 is con-
nected with the compressor 1, the orifice-tube 3, the
evaporator 4 and the accumulator 5 via refrigerant tubes
to form a refrigeration system for automobiles.

[0060] Next, the operation of the refrigeration system
of this embodiment will be explained with reference to
the Mollier diagram shown in Fig. 7.

[0061] In this diagram, the refrigerant at the region on
the left side of the liquidus curve is in a liquid phase
state. The refrigerant at the region between the liquidus
curve and the vapor line is in a vapor-liquid mixed phase
state. The refrigerant at the region on the right side of
the vapor line is in a vapor phase.

[0062] In this refrigeration system, the refrigerant
compressed by the compressor 1 shifts from the point
A to the point B to become a gaseous refrigerant of high
temperature and high pressure. The gaseous refriger-
ant is then introduced into the condenser 10. In the con-
denser 10, the refrigerant passed through the first pass
P1 is condensed, and shifts from the point B to the point
C1. Subsequently, the liquefied refrigerant passes
through the decompressing pass P2 to be decom-
pressed, and shifts from the point C1 to the point C2.
Thereafter, the refrigerant passes through the third pass
P3 to be re-condensed, and shifts from the point C2 to
the point C3.

[0063] The condensed refrigerant passes through the
orifice-tube 3 to be decompressed, and shifts from the
point C3 to the point D in which the refrigerant is in a
vapor-liquid mixed phase state. Then, the refrigerant is
sent to the evaporator 4, and exchanges heat with the
ambient air therein to be evaporated. Thus, the refriger-
ant shifts from the point D to the point A, and then returns
to the aforementioned compressor 1.

[0064] In this refrigeration system, when the thermal
load of the condenser increases suddenly, the conden-
sation of refrigerant in the first pass P1 deteriorates, and
therefore incompletely liquefied refrigerantis introduced
into the decompressing pass P2. At this time, the
amount of gas in the refrigerant increases, i.e., the vol-
ume of the refrigerant passing through the decompress-
ing pass P2 increases, resulting in increased flow resist-
ance of the refrigerant passing through the decompress-
ing pass P2, which in turn increases the flow resistance
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of the refrigerant to thereby decrease the flow rate. As
the flow rate decreases in the decompressing pass P2,
the condensation load at the upstream side of the de-
compressing means pass P2, i.e., the condensation
load at the first pass P1 decreases. Accordingly, the
condensation and decompression will be performed
smoothly in each pass P1 to P3, resulting in enhanced
condenser performance.

[0065] To the contrary, in this refrigeration system,
when the thermal load of the condenser decreases sud-
denly, the condensation of refrigerant in the first pass
P1 is performed fully, and therefore only the completely
liquefied refrigerant is introduced into the decompress-
ing pass P2. Thus, the resistance of the refrigerant pass-
ing through the decompressing pass P2 decreases,
thereby increasing the flow rate. Accordingly, at the up-
stream side of the decompressing pass P2, i.e., at the
fist pass P1, the condensation of refrigerant is per-
formed efficiently. Thus, the refrigerant is effectively
condensed or decompressed in each pass P1 to P3.
Therefore, the performance of the condenser is suffi-
ciently demonstrated.

[0066] Thus, in the refrigeration system of this embod-
iment, since the decompressing pass P2 has a self-con-
trol function for controlling the refrigerant flow rate in re-
sponse to fluctuations of thermal load. Accordingly, the
circulation flow rate of refrigerant in the refrigeration cy-
cle can be adjusted appropriately. Therefore, the re-
sponse characteristic to load fluctuations is excellent,
and thus sufficient refrigeration performance can be ob-
tained.

[0067] Furthermore, in the refrigeration system of this
embodiment, the refrigerant is initially condensed in the
first pass P1 of the condenser 10 to release the heat,
and then secondarily condensed in the second pass P2
to release the heat. Therefore, sufficient heat release
can be secured, which in turn can secure a large en-
thalpy difference (D-A) at the time of evaporation. Thus,
outstanding refrigeration effects can be obtained.
[0068] Furthermore, in the condenser 10, since the
amount of releasing heat is increased by the secondary
condensation accompanying phase changes, the heat
can be effectively released. In other words, in the con-
denser 10 of this embodiment, since almost the entire
region thereof constitutes a condensing portion, the
heat radiation of the refrigerant can be effectively per-
formed, resulting in excellent condensing performance.
Accordingly, the refrigerant can be condensed assured-
ly while preventing the rise of the refrigerant pressure
within the refrigeration cycle. Thus, the load of the com-
pressor 1 can be decreased. Accordingly, it becomes
possible to prevent the enlargement of the compressor
1, resulting in a small and lightweight refrigeration sys-
tem, an enhanced fuel consumption rate at the time of
mounting the system on an automobile, a reduced
amount of refrigerant and a decreased cost.

[0069] In the aforementioned embodiment, the
number of passes and the number of tubes constituting
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each pass, especially the number of tubes constituting
the decompressing pass, are not limited to the above.
For example, as shown in Fig. 8, it is possible that four
passes P1 to P4 are provided and the number of the
third pass P3 constitutes the decompressing pass in-
cluding two tubes.

[0070] Furthermore, in this invention, two or more de-
compressing passes may be provided. For example, as
shown in Figs. 9 and 10, the headers 11 and 11 may be
partitioned by partitions 15 to 17 to form four passes P1
to P4, and the second pass P2 and the third pass P3,
each including one tube 12, may constitute a decom-
pressing pass, respectively.

[0071] Furthermore, in the present invention, in order
to enhance the decompression effects, a tube constitut-
ing a decompressing pass may be constituted by a tube
different from the other tube in structure. For example,
as shown in Fig. 11, the so-called harmonica tube hav-
ing a plurality of refrigerant small circular passages 12a
may be used as a heat exchanging tube for a decom-
pressing pass.

[0072] Furthermore, as a tube constituting a decom-
pressing pass, it is not necessary to use a straight tube.
For example, it may be possible to employ a serpentine
type tube bent in a zigzag manner for a serpentine type
heat exchanger or a capillary tube.

[0073] Furthermore, it is not necessary to constitute
the decompressing means by a heat exchanging tube.
For example, it is possible to provide a decompressing
means such as a partitioning plate with an orifice formed
in a tube.

[0074] Furthermore, in the present invention, it is not
necessary to provide a decompressing means in a heat
exchanging tube, and a decompressing means may be
provided in a header. In short, it is enough that decom-
pressing means or a decompressing passage is provid-
ed at a part of a refrigerant passage between a refriger-
ant inlet and a refrigerant outlet.

<Example>

[0075] The so-called multi-flow type condenser hav-
ing four passes, the first pass to the fourth four pass,
was prepared. The first pass was constituted by 19 heat
exchanging tubes, the second pass was constituted by
8 heat exchanging tubes, the third pass (decompressing
pass) was constituted by 1 heat exchanging tube, and
the fourth pass was constituted by 7 heat exchanging
tubes.

[0076] In the refrigeration cycle including the con-
denser as shown in Fig. 1, the cooling performance
(kW), the compressor discharge pressure (kPa) and the
coefficient of performance to the compressor rotation
speed (rpm) were measured.

<Comparative example>

[0077] The so-called multi-flow type condenser hav-
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ing afirst pass constituted by 14 heat exchanging tubes,
a second pass constituted by 10 tubes, a third pass con-
stituted by 7 tubes and a fourth pass constituted by 4
tubes was prepared. By using the condenser, the same
examination as in the aforementioned example was per-
formed.

[0078] The measured results of the aforementioned
example and comparative example are shown in the
graph shown in Fig. 12. In the graph, "W" denotes the
example, and "S" denotes the comparative example.
Furthermore, the round mark denotes the cooling per-
formance, the square mark denotes a coefficient of per-
formance and "x" mark denotes the compressor dis-
charge pressure.

[0079] As will apparent from the graph, it is under-
stood that, in each of the cooling performance, the com-
pressor discharge pressure and the coefficient of per-
formance, the refrigeration cycle of the example is su-
perior to that of the comparative example.

[0080] As mentioned above, according to the present
invention, in a decompressing-tube system such as an
orifice-tube system, since the flow rate of refrigerant is
appropriately adjusted by the decompressing means or
the decompressing passage in response to fluctuations
of thermal load in the condensing portion, the response
characteristics to load fluctuations is excellent, and suf-
ficient refrigeration performance can be obtained.
[0081] The terms and expressions which have been
employed herein are used as terms of description and
not of limitation, and there is no intent, in the use of such
terms and expressions, of excluding any of the equiva-
lents of the features shown and described or portions
thereof, but it is recognized that various modifications
are possible within the scope of the invention claimed.

Industrial Applicability

[0082] As described above, the refrigeration system
and the condenser for the decompressing tube system
according to the present invention can especially be ap-
plied to a refrigeration cycle for car air-conditioners
since the response characteristic to fluctuations of ther-
mal load is excellent and sufficient refrigeration perform-
ance can be obtained.

Claims

1. A refrigeration system having a refrigeration cycle,
said refrigeration system comprising:

a compressor for compressing a refrigerant;

a condenser for condensing the refrigerant
compressed by said compressor;

a decompressing tube for decompressing the
refrigerant condensed by said condenser;

an evaporator for evaporating the refrigerant
decompressed by said decompressing tube;



15 EP 1 426 714 A1 16

and

an accumulator for separating a gaseous refrig-
erant from the refrigerant evaporated by said
evaporator,

wherein said condenser includes a refrigerant
inlet for introducing the refrigerant compressed by
said compressor, a refrigerant outlet for discharging
the refrigerant condensed by said condenser, a re-
frigerant passage for leading the refrigerant intro-
duced from said refrigerant inlet to said refrigerant
outlet while condensing the refrigerant, and decom-
pressing means provided at a part of said refriger-
ant passage to decompress the refrigerant passing
through said decompressing means.

The refrigeration system as recited in claim 1,
wherein said decompressing tube is an orifice-tube.

The refrigeration system as recited in claim 1, at
least a part of the refrigerant condensed at an up-
stream side of said decompressing means in said
refrigerant passage is decompressed by said de-
compressing means into a low-pressure gaseous
refrigerant, and the low-pressure gaseous refriger-
ant is re-condensed at a downstream side of said
decompressing means in said refrigerant passage.

The refrigeration system as recited in claim 1, at
least a part of the refrigerant condensed at an up-
stream side of said decompressing means in said
refrigerant passage is decompressed by said de-
compressing means into a low-pressure gaseous
refrigerant, and the low-pressure gaseous refriger-
ant is re-condensed at a downstream side of said
decompressing means in said refrigerant passage.

A refrigeration system having a refrigeration cycle
in which a refrigerant is compressed into a com-
pressed refrigerant, the compressed refrigerant is
condensed into a condensed refrigerant, the con-
densed refrigerant is decompressed by giving pas-
sage resistance into a decompressed refrigerant,
the decompressed refrigerant is evaporated into an
evaporated refrigerant, and then a gaseous refrig-
erant is separated from the evaporated refrigerant
and re-compressed,

wherein a decompressing passage for de-
compressing the refrigerant is provided at a part of
a refrigerant passage in which the compressed re-
frigerant is condensed.

A refrigeration system having a refrigeration cycle
in which a refrigerant is compressed into a com-
pressed refrigerant, the compressed refrigerant is
condensed into a condensed refrigerant, the con-
densed refrigerant is decompressed by giving pas-
sage resistance into a decompressed refrigerant,
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the decompressed refrigerant is evaporated into an
evaporated refrigerant, and then a gaseous refrig-
erant is separated from the evaporated refrigerant
and re-compressed,

wherein a passage for giving passage resist-
ance to the refrigerant is provided at a part of a re-
frigerant passage in which the compressed refrig-
erant is condensed.

A refrigeration system having a refrigeration cycle
in which a refrigerant is compressed into a com-
pressed refrigerant, the compressed refrigerant is
condensed into a condensed refrigerant, the con-
densed refrigerant is decompressed by giving pas-
sage resistance into a decompressed refrigerant,
the decompressed refrigerant is evaporated into an
evaporated refrigerant, and then a gaseous refrig-
erant is separated from the evaporated refrigerant
and re-compressed,

wherein a passage whose cross-sectional ar-
ea is smaller than that of each passage located be-
fore and after said passage is provided at a part of
a refrigerant passage in which the compressed re-
frigerant is condensed.

A refrigeration system having a refrigeration cycle,
said refrigeration system comprising:

a compressor for compressing a refrigerant;

a condenser for condensing the refrigerant
compressed by said compressor;

a decompressing tube for decompressing the
refrigerant condensed by said condenser;

an evaporator for evaporating the refrigerant
decompressed by said decompressing tube;
and

an accumulator for separating a gaseous refrig-
erant from the refrigerant evaporated by said
evaporator,

wherein said condenser includes:

a pair of headers disposed in parallel with each
other at a certain distance;

a plurality of heat exchanging tubes disposed
between said pair of headers with opposite
ends thereof connected with said headers; and
a partition provided in said header to group said
plurality of heat exchanging tubes into a plural-
ity of passes;

whereby said plurality of passes constitute a
refrigerant passage through which the refrigerant
passes in turn, said plurality of passes including a
first pass and a final pass; and further includes:

decompressing means which is disposed at a
part of said refrigerant passage between said
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first pass and said final pass to decompress the
refrigerant passing through said decompress-
ing means.

The refrigeration system as recited in claim 8,
wherein said decompressing tube is an orifice-tube.

The refrigeration system as recited in claim 8,
wherein said plurality of passes include said first
pass, said final pass and one or a plurality of inter-
mediate passes located between said first pass and
said final pass, and wherein said one or a plurality
of intermediate passes constitute a decompressing
pass constituting said decompressing means.

The refrigeration system as recited in claim 9,
wherein said plurality of passes include said first
pass, said final pass and one or a plurality of inter-
mediate passes located between said first pass and
said final pass, and wherein said one or a plurality
of intermediate passes constitute a decompressing
pass constituting said decompressing means.

The refrigeration system as recited in claim 11,
wherein said intermediate pass located immediate-
ly before said final pass constitutes said decom-
pressing means.

The refrigeration system as recited in claim 11,
wherein a total passage cross-sectional area of said
decompressing pass is smaller than that of each
pass located immediately before and after said de-
compressing pass.

The refrigeration system as recited in claim 12,
wherein a total passage cross-sectional area of said
decompressing pass is smaller than that of each
pass located immediately before and after said de-
compressing pass.

The refrigeration system as recited in claim 10,
wherein the number of heat exchanging tubes con-
stituting said decompressing pass is smaller than
that of each pass located immediately before and
after said decompressing pass.

The refrigeration system as recited in claim 11,
wherein the number of heat exchanging tubes con-
stituting said decompressing pass is smaller than
that of each pass located immediately before and
after said decompressing pass.

The refrigeration system as recited in claim 12,
wherein the number of heat exchanging tubes con-
stituting said decompressing pass is smaller than
that of each pass located immediately before and
after said decompressing pass.
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A condenser for use in a decompressing-tube sys-
tem constituting a refrigeration cycle which includes
a compressor, a decompressing tube, an evapora-
tor and an accumulator, said condenser comprising:

a refrigerant inlet for introducing a refrigerant;
a refrigerant outlet for discharging the refriger-
ant;

a refrigerant passage for leading the refrigerant
introduced from said refrigerant inlet to said re-
frigerant outlet while condensing the refriger-
ant; and

decompressing means which is provided at a
part of said refrigerant passage to decompress
the refrigerant passing through said decom-
pressing means.

A condenser for use in a decompressing-tube sys-
tem constituting a refrigeration cycle which includes
a compressor, a decompressing tube, an evapora-
tor and an accumulator, said condenser comprising:

a refrigerant inlet for introducing a refrigerant;
a refrigerant outlet for discharging the refriger-
ant;

arefrigerant passage for leading the refrigerant
introduced from said refrigerant inlet to said re-
frigerant outlet while condensing the refriger-
ant; and

means which is provided at a part of said refrig-
erant passage to give passage resistance to
the refrigerant.

A condenser for use in a decompressing-tube sys-
tem constituting a refrigeration cycle which includes
a compressor, a decompressing tube, an evapora-
tor and an accumulator, said condenser comprising:

a refrigerant inlet for introducing a refrigerant;
a refrigerant outlet for discharging the refriger-
ant;

arefrigerant passage for leading the refrigerant
introduced from said refrigerant inlet to said re-
frigerant outlet while condensing the refriger-
ant; and

diminishing means which is provided at a part
of said refrigerant passage to diminish a cross-
sectional area of the passage.

A condenser for use in a decompressing-tube sys-
tem constituting a refrigeration cycle which includes
a compressor, a decompressing tube, an evapora-
tor and an accumulator, said condenser comprising:

a pair of headers disposed in parallel with each
other at a certain distance;

a plurality of heat exchanging tubes disposed
between said pair of headers with opposite
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ends thereof connected with said headers;
a partition provided in said header;

wherein said plurality of heat exchanging
tubes are grouped by said partition into a plurality
of passes constituting a refrigerant passage
through which the refrigerant passes in turn, said
plurality of passes including a first pass and a final
pass; and, further comprising:

decompressing means which is provided at a
part of said refrigerant passage between said
first pass and said final pass to decompress the
refrigerant passing through said decompress-
ing means.

The refrigeration system as recited in claim 21,
wherein said plurality of passes include said first
pass, said final pass and one or a plurality of inter-
mediate passes located between said first pass and
said final pass, and wherein said one or a plurality
of intermediate passes constitute a decompressing
pass constituting said decompressing means.
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