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(54) Refrigeration apparatus

(57)  The present invention is proposed to ensure a
desired refrigeration capacity while observing a regula-
tion on afilling amount of a flammable refrigerant required
for a refrigeration circuit.

A refrigeration circuit 34 includes a compressor CM,
a condenser CD, an expansion valve EV and an evapo-
rator EP each of which is connected by refrigerant pipes
32, and a flammable refrigerant is circulated there-
through. In the refrigeration circuit 34, volume per circuit
is set equal to or smaller than 2200x 10-6 m3, and volume
of the condenser CD is set equal to or smaller than
750x106 m3. Thus, a filling amount of the flammable
refrigerant required for one refrigeration circuit 34 can be
suppressed to or below a specified value.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a refrigeration
apparatus using a flammable refrigerant.

BACKGROUND ART

[0002] Nonflammable chlorofluorocarbon refrigerants
have been conventionally used as refrigerants of refrig-
eration apparatuses. However, since chlorofluorocarbon
refrigerants have a harmful influence on the natural en-
vironment, alternative refrigerants have been sought for.
Hydrocarbon (HC) refrigerants such as methane, ethane,
propane, butane, pentane and the like are attracting our
attention as alternative refrigerants replacing said chlo-
rofluorocarbon refrigerants. However, since the HC re-
frigerants are flammable, a maximum filling amount (150
g) per one refrigeration circuit unit is regulated by law (for
example, see Japanese Unexamined Patent Publication
No. 2004-198062).

PROBLEM OF THE PRIOR ART

[0003] Inarefrigeration apparatus using a convention-
al chlorofluorocarbon refrigerant, the filling amount of the
refrigerant has a relatively small effect on refrigeration
capacity. Thus, a condenser and the like were designed
to take precedence over the downsizing of a machine,
and no particular consideration was made for the filling
amount of the refrigerant. Accordingly, if a construction
similar to that of a refrigeration apparatus using a con-
ventional chlorofluorocarbon refrigerant is adopted for a
refrigeration apparatus using the above flammable re-
frigerant, the refrigerant may be filled more than the filling
amount regulated by law. Furthermore, a desired refrig-
eration capacity may not be exhibited if the refrigerant is
filled more than the legally regulated amount.

[0004] Accordingly, in view of the above problem in-
herent in the refrigeration apparatus using the prior art,
the presentinvention was proposed to solve the problem,
and an object thereof is to provide a refrigeration appa-
ratus capable of ensuring a desired refrigeration capacity
while observing a legal regulation on the filling amount
of a flammable refrigerant.

MEANS FOR SOLVING THE PROBLEM

[0005] In order to overcome the above problem and
accomplish the desired object, the invention of the
present application is directed to a refrigeration appara-
tus, having a refrigeration circuit comprising a compres-
sor, a condenser, a decompression means and an evap-
orator each of which is connected by pipes and a flam-
mable refrigerant is circulated therethrough, wherein vol-
ume per circuit in the refrigeration circuit is set equal to
or smaller than 2200 106 m3 and volume of the con-

10

15

20

25

30

35

40

45

50

55

denser is set equal to or smaller than 750%x10-6 m3,
EFFECT OF THE INVENTION

[0006] According to the refrigeration apparatus of the
present invention, a desired cooling capacity is ensured
while a legal regulation on the filling amount of a flam-
mable refrigerant is observed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]

Fig. 1is a schematic diagram showing an auger-type
ice making machine having a refrigeration apparatus
according to the first embodiment of the present in-
vention,

Fig. 2 is a front view showing a condenser of the first
embodiment,

Fig. 3 is a sectional side view of the condenser of
the first embodiment,

Fig. 4 is an enlarged plan view showing an essential
part of the condenser of the first embodiment, and
Fig. 5is a schematic diagram showing an auger-type
ice making machine having a refrigeration apparatus
according to the second embodiment.

EMBODIMENTS OF THE INVENTION

[0008] Next, preferred embodiments of a refrigeration
apparatus according to the present invention are ex-
plained with reference to the accompanying drawings. In
the following explanation, a refrigeration apparatus in an
auger-type ice making machine is illustrated.

FIRST EMBODIMENT

[0009] As shown in Fig. 1, an ice making machine 10
is provided with an ice making mechanism 12 for produc-
ing ice and a refrigeration apparatus 30 for refrigerating
said ice-making mechanism 12. The ice-making mech-
anism 12 includes a cylindrical refrigeration casing 14,
an auger 16 rotatably arranged inside of said refrigeration
casing 14, a driving means (not shown) for rotating said
auger 16 and an ice-making water tank 18 for supplying
ice-making water to the refrigeration casing 14.

[0010] An evaporator EP which will be described later
constituting the refrigeration apparatus 30 is arranged on
the outer circumference of the refrigeration casing 14. In
the ice-making mechanism 12, the interior of the refrig-
eration casing 14 is filled with the ice-making water sup-
plied from the ice-making water tank 18 and this refrig-
eration casing 14 is cooled by the evaporator EP to cause
ice to grow on an inner surface (ice-making surface) of
the refrigeration casing 14. The auger 16 is rotated by
the driving means to scrape off the ice grown on the ice-
making surface, convey the scraped ice upward and dis-
charge it to an ice storage chamber (not shown) via a
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guide 20 provided atop the refrigeration casing 14.
[0011] Therefrigeration apparatus 30 includes one so-
called vapor compression type refrigeration circuit 34
(see Fig. 1) in which devices such as a compressor CM,
a condenser CD to be cooled by a cooling fan FM, an
expansion valve EV as a decompression means and a
evaporator EP are connected by refrigerant pipes (pip-
ing) 32. In the refrigeration apparatus 30, a refrigerant is
circulated in a pipe system of the refrigeration circuit 34
by driving the compressor CM and the cooling fan FM.
In the refrigeration circuit 34, after the vaporized refrig-
erant compressed by the compressor CM is condensed
and liquefied in the condenser CD, the refrigerant de-
compressed by the expansion valve EV is allowed to flow
into the evaporator EP, where the decompressed refrig-
erant is expanded and evaporated to cool the refrigera-
tion casing 14 to below the freezing point. The vaporized
refrigerant heat-exchanged with the refrigeration casing
14 by the evaporator EP returns to the compressor CM
and is circulated in the refrigeration circuit 34 after being
compressed again in the compressor CM. In the refrig-
eration apparatus 30 of the first embodiment, copper
pipes are used as the refrigerant pipes 32. Reference
numeral 36 in Fig. 1 denotes a drier for removing moisture
from the liquefied refrigerant flowing from the condenser
CD into the expansion valve EV. Volume per circuit in
the refrigeration circuit 34 is set equal to or smaller than
2200106 m3.

[0012] As the refrigerant to be filled into the refrigera-
tion circuit 34, a hydrocarbon (HC) refrigerant such as
methane, ethane, propane, butane or pentane or ammo-
nia or the like is employed. These refrigerants have good
refrigerant characteristics such as heat of vaporization
and saturation pressure. Now, in the first embodiment,
isobutane or propane is used.

[0013] As shown in Fig. 1, the condenser CD is of the
air-cooled type and disposed in a machine room (not
shown) defined inside of the ice making machine 10. The
condenser CD is arranged downstream of the compres-
sor CM and upstream of the evaporator EV in the refrig-
eration circuit 34. Further, outside air taken into the ma-
chine room by the cooling fan FM comes into contact with
the condenser CD, which then liquefies the high-temper-
ature and highpressure vaporized refrigerant from the
compressor CM by heat exchange with the outside air.
[0014] As shown in Figs. 2 and 3, the condenser CD
includes a plurality of heat exchanger units 38, 38 (two
units in the first embodiment) each composed of a tube
40 serving as a refrigerant path for permitting the flow of
the refrigerant, and a fin 42 extending radially outward
from the outer circumference of said tube 40. A so-called
spiral fin tube, in which the fin 42 is spirally wound around
the outer circumference of the tube 40, is employed as
each heat exchanger unit 38 of the first embodiment, and
each heat exchanger unit 38 is formed to meander in
such a manner that horizontally or substantially horizon-
tally extending straight sections are placed one over an-
other (see Fig. 2).
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[0015] Intherefrigeration circuit 34, the refrigerant pipe
32 atan upstream side is branched off into as many pipes
as the heat exchanger units 38 in the condenser CD, the
branched pipes are connected with the respective tubes
40, and the refrigerant pipes 32 connected with the down-
stream sides of the tubes 40 of the respective heat ex-
changer units 38 are joined so that one refrigerant tube
32 is connected with the expansion valve EV. Namely,
the condenser CD includes two independent refrigerant
paths for the respective heat exchanger units 38 and con-
nected in parallel with the refrigeration circuit 34. In the
condenser CD, the two systematic heat exchanger units
38, 38 are arranged in front and behind in an air flowing
direction in the machine room (see Fig. 2 or 3). In other
words, the condenser CD is so arranged that the straight
sections of the respective heat exchanger units 38, 38
intersect with the flow of air caused by the cooling fan FM.
[0016] For example, volume of the condenser CD is
set equal to or smaller than 750 10-¢ m3. Namely, a total
interior volume of the tubes 40 (refrigerant paths) in the
two heat exchanger units 38, 38 is the volume of the
condenser CD. Thin tubes made of metal having good
thermal conductivity such as copper and having a diam-
eter of 1.0 mm to 6.35 mm are employed as the tubes
40. As compared with a conventional refrigeration appa-
ratus having a comparable refrigeration capacity in which
volume of a condenser is set at about 1100x10-6 m3, the
volume of the condenser CD of the first embodiment is
reduced by 30 % or more.

[0017] A fixing means 44 is so formed as to hold the
adjacent two heat exchanger units 38, 3 8 as a pair and
so arranged as to hold substantially central parts of the
respective heat exchanger units 38, 38 in a lateral direc-
tion (extending direction of the straight sections) (see Fig.
2). The fixing means 44 is formed by combining a pair of
supporting members 46, 46 arranged to face each other
with the adjacent two heat exchanger units 38, 38 located
therebetween and holding members 48 provided on the
respective supporting members 46 for holding the corre-
sponding heat exchanger units 38 (see Fig. 3). The fixing
means 44 tightly holds the adjacent two heat exchanger
units 38, 38 in contact by using the holding members 48,
48 respectively provided on the facing supporting mem-
bers 46, 46. Here, the condenser CD may be such that
fin 42 of the other heat exchanger unit 38 are inserted
between corresponding fin 42 of one heat exchanger unit
38 to mesh the fins 42 of the both heat exchanger units
38, 38 with each other (see Fig. 4).

[0018] Asshownin Figs. 2 and 3, the supporting mem-
ber 46 is a long plate member whose longer sides extend
in a vertical direction and are longer than a vertical di-
mension of the facing heat exchanger unit 38, so that the
supporting member 46 is arranged to vertically extend
over the heat exchanger unit 38. Each supporting mem-
ber 46 is set to have a smaller width than the straight
sections of the corresponding heat exchanger unit 38.
Further, the respective supporting members 46 are sep-
arated in front and behind in the air flowing direction in
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the machine room and located at the central parts of the
straight sections of the corresponding heat exchanger
units 38.

[0019] In the first embodiment, a temperature opera-
tion-type expansion valve having a temperature-sensi-
tive tube TH is employed as the expansion valve EV. The
temperature-sensitive tube TH is mounted on the refrig-
eration pipe 32 connected with the exit of the evaporator
EP and is nearly positioned to the exit of the evaporator
EP. The expansion valve EV is opened and closed ac-
cording to the temperature of the vaporized refrigerant
flowing in the refrigeration pipe 32 detected by the tem-
perature-sensitive tube TH and efficiently operates by
regulating the pressure of the evaporator EP. Further,
the evaporator EP is made of an evaporation pipe 50
spirally provided on the outer circumferential surface of
the refrigeration casing 14.

FUNCTION OF FIRST EMBODIMENT

[0020] Next, the function of the refrigeration apparatus
30 according to the first embodiment is explained. The
refrigeration apparatus 30 of the first embodiment can
suppress a filling amount of a flammable refrigerant re-
quired for one refrigeration circuit 34 to or below a spec-
ified value by (1) setting the volume per circuit in the
refrigeration circuit 34 equal to or smaller than 2200 10-6
m3 and (2) setting the volume of the condenser CD equal
to or smaller than 750x10-6 m3. Here, the refrigerant is
present in a gaseous state or a liquid state in the refrig-
eration circuit 34 and a reduction in the volume of the
refrigerant in the liquid state largely contributes to a re-
duction in the filling amount of the refrigerant. The com-
pressor CM, the condenser CD and the evaporator EP
can be cited as constituent devices with large volume
ratios in the refrigeration circuit 34. However, since the
refrigerant is present in the liquid state in the condenser
CD, the device that influences the filling amount of the
refrigerant most out of the constituent devices is the con-
denser CD. Namely, the filling amount of the refrigerant
in the refrigeration circuit 34 can be reduced more by
suppressing the volume of the condenser CD to or below
750106 m3 as in the refrigeration apparatus 30 of the
firstembodiment than by reducing the volume of the com-
pressor CM or the evaporator EP. Since the condenser
CD can be easily changed in shape as compared with
the compressor CM having a driving mechanism and the
evaporator EP needed to conform to the refrigeration
casing 14, costs required for a volume change can be
suppressed.

[0021] The refrigeration apparatus 30 of the first em-
bodiment can avoid the filling of the refrigerant more than
the specified value into the refrigeration circuit 34 by set-
ting the volumes of the refrigeration circuit 34 and the
condenser CD as descried above. Thus, the refrigeration
apparatus 30 can ensure a desired refrigeration capacity
even if the volumes of the refrigeration circuit 34 and the
condenser CD are reduced. Note that the use of an HC
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refrigerant in a refrigeration apparatus having a refriger-
ation capacity of 300 W or lower is generally said to be
possible. However, a refrigeration capacity equal to or
higher than 300 W and equivalent to that of 650 W can
be ensured per one refrigeration circuit 34 by setting the
volumes of the refrigeration circuit 34 and the condenser
CD as descried above. Theoretically, even if the filling
amount of the refrigerant is equal to or smaller than the
legally regulated value, a refrigeration capacity equiva-
lent to 1300 W can be obtained from one refrigeration
circuit 34.

[0022] In the refrigeration apparatus 30 of the first em-
bodiment, the volume of the condenser CD is reduced
by narrowing the tubes 40 constituting the refrigerant
paths in the condenser CD. In this condenser CD, if the
tubes 40 are set to be narrow, a pressure loss of the
refrigerant paths increases and also a heat exchange
area decreases, wherefore a condensation capacity de-
creases. However, by separately arranging the heat ex-
changer units 38, 38 in parallel in two systems, the con-
denser CD of the first embodiment can ensure a heat
exchange area without increasing lateral or vertical di-
mensions of the individual heat exchanger units 38, 38.
Further, the condenser CD can have a compact construc-
tion as a whole. In addition, since the two heat exchanger
units 38, 38 are connected in parallel with the refrigeration
circuit 34 in the condenser CD of the first embodiment,
lengths of the tubes 40 of the individual heat exchanger
units 38, 38 can be shortened and the refrigerant in the
refrigerant paths can be smoothly circulated by reducing
the pressure loss. Thus, even if the volume of the con-
denser CD of the first embodiment is reduced by narrow-
ing the tubes 40, a required condensation capacity can
be ensured.

[0023] Since the condenser CD is so constructed that
parts of the straight sections of the heat exchanger units
38, 38 are held by the fixing means 44, areas of the heat
exchanger units 38, 38 covered by the fixing means 44
can be made smaller as compared with the case where
curved sections of the heat exchanger units are held.
Namely, in the condenser CD, the flow of air through the
heat exchanger units 38, 38 is not hindered by the fixing
means 44 and the curved sections are also effectively
utilized, wherefore heat exchange efficiency in the re-
spective heat exchanger units 38, 38 can be improved.
Further, since the fixing means 44 is for holding the heat
exchanger units 38, 38 while vertically displacing one
heat exchanger unit 38 and the other heat exchanger
unit 38, air can be properly brought into contact with the
straight sections of the other heat exchanger unit 38 ex-
posed between the straight sections of the one heat ex-
changer unit 38 and heat exchange can be more effi-
ciently performed.

SECOND EMBODIMENT

[0024] Although the refrigeration apparatus 30 of the
first embodiment includes one refrigeration circuit 34, a
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plurality of refrigeration circuits may be provided. A re-
frigeration apparatus 60 of a second embodiment shown
in Fig. 5 includes two refrigeration circuits 34, each of
which is mutually independent. Each refrigeration circuit
34 of the second embodiment includes a compressor
CM, a condenser CD, an expansion valve EV and an
evaporator EP, each of which are connected by refriger-
ant pipes 32 and has a similar construction to the refrig-
eration circuit 34 of the first embodiment. However, in an
auger-type ice making machine 11 including the refrig-
eration apparatus 60 of the second embodiment, since
the evaporators EP of the respective refrigeration circuits
34 are provided in a refrigeration casing 14, two evapo-
rators EP are provided on the outer circumference of the
refrigeration casing 14. Further, volume per circuit in
each refrigeration circuit 34 of the second embodiment
is set equal to or smaller than 2200 10-6 m3, and volume
of the condenser CD is set equal to or smaller than
750106 m3.

[0025] Since afillingamount of a flammable refrigerant
per one refrigeration circuit is legally regulated, the two
refrigeration circuits 34 are mutually independent in the
refrigeration apparatus 60 of the second embodiment.
Also, since the volume per circuitis set equal to or smaller
than 2200106 m3 and the volume of the condenser CD
is set equal to or smaller than 750%x10-¢ m3 for each
refrigeration circuit 34, the filling amount of the flammable
refrigerant required for each refrigeration circuit 34 can
be suppressed to or below a specified value. In addition,
by providing the two refrigeration circuits 34, 34, the re-
frigeration apparatus 60 can increase its refrigeration ca-
pacity as a whole and cope with the large-size ice making
machine 11. Further, an operation of the refrigeration ap-
paratus 60 can be changed to a refrigeration operation
using the both refrigeration circuits 34, 34 and that using
only one refrigeration circuit 34, so that the refrigerating
capacity can be controlled in a stepwise manner. There-
fore, if one refrigeration circuit 34 breaks down, the other
refrigeration circuit 34 can be used as a backup means.

MODIFICATIONS

[0026] The present invention is not limited to the con-
structions of the above embodiments and may be mod-
ified as follows.

(1) The refrigeration apparatus is also applicable to
so-called storages such as refrigerators, freezers,
refrigerator-freezers, showcases and prefabricated
structures, air-conditioning equipments and the like.
(2) The expansion valve is used as a decompression
means in the above embodiments, but a capillary
tube may be employed.

(3) The condenser including two refrigerant paths is
taken as an example in the above embodiments, but
the condenser may include one, three or more re-
frigerant paths.

(4) The example of providing two refrigeration cir-
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cuits is described in the second embodiment, but
three or more refrigeration circuits may be provided.

Claims

1. A-refrigeration apparatus, having a refrigeration cir-
cuit (34) comprising a compressor (CM), a condens-
er (CD), a decompression means (EV) and an evap-
orator (EP) each of which is connected by pipes (32)
and a flammable refrigerant is circulated there-
through, wherein:

a volume per circuit in the refrigeration circuit
(34) is set equal to or smaller than 2200x10-6
m3; and

a volume of the condenser (CD) is set equal to
or smaller than 750106 m3.

2. The refrigeration apparatus according to claim 1,
comprising a plurality of refrigeration circuits (34).

3. The refrigeration apparatus according to claim 1 or
2, wherein the condensers (CD) includes a plurality
of refrigerant paths arranged in parallel.
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