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DESCRIPTION

Refrigerator
TECHNICAL FIELD

- The present invention relates to-a refrigerator of a type havinga -~

refrigerator compartment, including a vegetable storage chamber, and a freezer
compartment defined below tpe_ refrigerator compartment.
BACKGROUND ART

It is well kn_dwn that the refrigerator has a plurality of utility

compartments, respective . inside tempé}atures of which are controlled to a

different temperature appropriate for 'stofage of particular food materials. The
refriggérator very popular in the art has a freezer compartment defined at top of

the refrigerator housing and a refrigerator compartment defined in the

‘refrigerator housing at a Iocation below the freezer compartment, and is

generally referred 1o as a top-freezer refrigerator. The refrigerator compartment
is usually divided into a refrigerating chamber and a crisper or vegetable
storage chamber generally defined below the refrigerating chamber. |

However, in View of ease of use, a bottom-freezer refrigerator has
recently come into the mainstream. In the bottom-freezer refrigerator, the

refrigerator compartment is positioned below the refrigerator companment with

| the crisper located at the bottom of the refrigerator compartment. An example

of this bottom-freezer .refrigerat'of is disclosed in, for example, the Japanese
Laid-open Patent Publication No. 5-71850. |

Some prior art bottom-freeier refrigeratqrs will now be discussed
with reference to the accompanying drawings'and particularly to Figs. 9 to 11.

Referring first to Fig. 9, the known bottom-freezer refrigerator' comprises a

~ generally rectangular box-like refrigéraiOr housing 1, the interior of Which is

divided into a freezer compartment 2 and a refrigerator compartment 3 defined
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above the freezer compartmenf 2 and separated therefrom by means of an
adiabatic partition wall 4. Thé freezer compartment 2 has an engine chamber 5
defined therein at a location rearwards of the refrigérato'r compartment 2 'with
respect to and opposite to a front door assembly {(not shown), for
accommodating therein a cooler 6 and a circulating fan 7 for creating a forced
draft of cooling air. The refrigerator i:ompar'tm_ent 3 has a crisper or vegetable
storage chamber 9 defined or positioned ﬁhérein at the bottom thereof, and a

low-temperature storage chamber 10 such as, for example, a chilled chamber

or a partial freezing chamber defined or positioned therein at a location above

the crisper 9. Reference numeral 8 repreé__‘ents a first cooled air return passage
defined inside the ehgine chamber 5. r | .
Reference npmeral 11 represents an automatic temperature
controfler disposed at a lower re'ar deep area of the refrigerator compartment 3,
in which controller 11 there are disposed a first cooled air supply regulator 12
for controlling the supply of a cooled air into the refrigerator compartment 3, a
second cooled air supply regulator 13 for regulating the 'sup'ply of the cooled air

into the Iow-temperature storage chamber 10, a first cooled air discharge

_ passage 14 for discharging the c_ooled air from the refrigerator compartment 3, -

a second cooled air discharge passage 15 for discharging the cooled air from
the low-temperature storage chamber 10, - and a second cooled air __retur_n
passage 16 communicated with the first cooled air return passage 8. Reference
numeral 17. represents a fetum port defined in a rear wall of the low-
température s_torage 'chambe_r 10 and communicated with the second cooled air

return paésage 16 within the automatic temperature controller 11. Reference

numeral 18 represents a dischérge 'port communicated with the low-

temperature storage chamber 10 and fluid-connected with the second cooled air
discharge passage 15. Reference numeral 19 represents a return port defined

in a rear wall of the refrigerator compartment 3 and communicated with the
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second cooled air return passage 16 within the automatic temperature controller
11. Reference numeral 20 represents a discharge duct having a cooled air
discharge port 21 communicated with the refrigerator compartment 3, and
communicated with the first cooled air discharge passage 14.

| . The ﬂoW'of"t.he cooled air in the prior art refrigerator shown in Fig.
9 will be discussed. Air cooled by the cooler 6 is forcibly supplied by the
circulating fan 7 in part to the refrigerato;f-jcompartment 3 through the first cooled
air dischargé passage 14, the first cooled air supply regulator 12 and the
discharge duct 20 and in part to the low-temperature storégé chamber 10
throu'gh the second cooled air dischafgé passage 15, the second cooled air
supply regulator 13 and the discharge.po.rt 18. The cdoled air supplied into the
refrigerator compartment 3- flows through the return port 19 and the cooled air
supplied into the low-temperature storage chamber 10 flows through the ‘retum'
port 17. The cooled air from the return port 19 and the cooled air from the.

return port 17 are subsequently returned to the cooler 6 through the second

-cooled air return passége 16 and the first cooled air return passage 8,

respectively. In this way, the cooled air 6irculated within the refrigerator through
the various compartments and chambers to cool those | compartments and
chambers to respective prédetermined temperatures.

 Figs. 10 and. 11 illustrate ariother’ prior art bottom;freezer .
refrigerator. -The known bottom-freezer réﬁigerator best shown in Fig. 10
comprises a genera'l'l'y rectangular box-like refrigerator housing 22, the interior
of which is divided into a refrigerator compartment 24 and a freezer
compartment 25 deﬁned_ below the refrigerator 'c.:omp_artment 24 and separated
therefrom by means of an adiabatic 'partition wall 23. The refrigerator
compartment 24 which is most frequently utilized in home has a removable
crisper box 26 mounfed inside the refrigerator compartment 24 and élidab‘ly

resting on the adiabatic partition walil 23. The refrigerator compartmeht 24
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accommodates therein a first cooler 27, a first circulating fan 28 and a first
temperature detecting means 29 for detecting.the inside temperature of the
refrigerator compartment 24. On the other hand, the freezer compartment 25
accommodates therein a second cooler 30, a second circulating fan 31 and a
second temperature detecting means 32 for detectung the inside temperature of
the refrigerator compartment 24,

~As shown in Fig. 11, the refrigerating system employed in the

refrigerator shown in Fig. 10 tncludes a compressor 33 a condenser 34, a

decompressor 35, the first cooler 27 and the second cooler 30, all of which are

fluid-connected in the order speciﬁed'ati:ove. _ ,

Cooling of the refrigerator of the structure shown in Figs. 10 and
11 is generally carried out by driving the compressor 33 in response to a S|gna!
from the temperature detectlng means 32 dlsposed in the freezer compartment
25. Simultaneously with the drive of the compressor 33, the first and second

circulating fans 28 and 31 “are also driven to forcibly circulate the cooled air

within the refrigerator compartment 24, including the cnsper box 26, and the

freezer compartment 25 to cool and freeze the food materials accommodated
therein, respectively. When the freezer compartment 25 is cooled to a
predetermined temperature as a resutt of the cooling operatlon the compressor

33 is brought to a halt in response to a signal from the temperature detecting

‘means 32. On the other hand, when the temperature detected by the

' temperature detectlng means 29 is hrgher than a predetermined cut-in

temperature, the first circulating fan 28 contmues its rotatlon to circulate within
and cool the refrigerator compartment 24 but when the inside temperature of
the refngerator compartment 24 lowers to such an extent that the temperature
detected by the temperature detectmg means 29 i is lower than a predetermined
cut-off temperature the first circulating fan 28 is brought to a halt.

With the first-described prior -art refrigerator, a problem has been
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found that since the cooled air is circulated through the various compartments
and chambers, a relatively 'Iarge number of the air passagee are required,
resulting in reduction of the maximum available capacity of the refrigerator.

Also, the refrigerating system employed therein requires some or all of the air .

| 'passages to have an mcreased length from the cooler 6 to the respectlve

compartment or chamber, resulting in reduction in cooling efficiency.

In addition, in-the ﬁrethescribed prior art refrigerator, the single
cooler 6 is utilized to cool all of the compartments and chambers and ‘is
therefore so bulky in size that the adlabatic' partition wall 4 is reqcired to be
installed at a relatively high level, for example, about 900 mm or more above a
support surface such as, for example, a house floor. This makes it difficult to
remove or place food materials from or into the crisper chamber 9 that is placed
at such a high level above the support surface.

The use of the single cooler 6 to cool all of the compartments and
chambers requires the evaporatlon temperature of the cooler to be desrgned to

a value equal to the lowest avallable temperature of the freezer compartment 2

- and, consequently, the effi clency of the refrigerating system is fimited.

Agam consndenng that the automatic temperature controller 11 is
communicated with the freezer compartment 2, the automatrc temperature
controller 1 is thermally conducted to the cnsper chamber 9 within the
refrigerator compartment 3 to cool the crisper chamber 9 so excessively that the
food materials, particularly vegetables, ‘within the crisper chamber 9 may be
frozen undesirably. | _ | | |

‘On the other hand, the ‘second-described prior art refrigerator
shown in Figs. 10 and 11 is effective to eliminate a possible excessive cooling
of the crisper chamber sucn as occurring in the refrigerator of Fig. 9 and also to
eliminate the problems associated with tne reduction in capacity and _redu_ction-' )

in cooling efficiency of the refrigerating system both resulting from the use of the
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increased Ieh'gth of the air passaée. However, when it comes to installation of
the first cooler 27 at a locatioh rearward of the refrigerator compartment 24 and
opposite to the front door assembly, a problem would arise that if continued
cooling of the freezer compartment 25 is required even though ,the first
circulating fan 28 is brought to a halt as a result of the refrigerator compartment
24 having been cooled suﬁiéiently, a coolant still flows in the first cooler 27 and

therefore the refrigerator compartment 24 méy be excessively cooled by natural

| convectio_n.- Also, a local area of the criéper box 28 disposed relatively close to

the first cooler 27 may be excessively cooled by the first cooler 27 and this is

“indeed problemétic in terms of vege’tablés kept crisp.

Considering that the seconii-described prior art refrigeratdr hasa
substantial weight and 1
that the crisper box 26 within .the refrigerator ‘compartment 24 is held in contact
with the bottom thereof, that is defined by an upper surface of the adiabatic
partition wall 23, while the first cooler 27 is dispose&- rearward of thé crisber box
26, the crisper box 26 cannot have _é sufficient distance between its front ahd
rear walls aﬁd would therefore have a refatively small capacity to accommodate
the vegetables. |
| The freezer compartment 25, although less frequently used than
the refrigerator 'compartment 24, is required to have an increased effective
capacity. For this reason, if design is made to reduce the.depth of the second
cooler 30, but to increase the height of the second cooler 30, there is the

possibility that the adiabatic partition wall 23 must be reduced in thickness or

. shifte_d in position upwardly to accommodate the increased height of the second

cooler 30. If the adiabatic partition wall 23 is shifted in position upwardly, the
capacity of the refrigerator -compartrrient 24, that is frequently used, would be
reduced, posing a problem associated with the proportion of capacity between

the freezer compartment 25 and the refrigerator compartment 24. To observe
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the design proportion in capacity between the refrigerator compertment 24 and
the freezer compartment 25 would resuit in complication of the rear structure of
the adiabatic partitien wall 23, accompanied by increase in cost of manufacture
of the refrigerator along with reduction in production thereof, |

Accordingly, the present invention has been devised te eliminate

the problems inherent in the prior art bottom-freezer refrigerator and is intended '

:to provide an improved bottom-freezer' refrigerator effective to secure

sufficiently required capacities with a'simplified air passage structure.

Another important object of the present mventaon is to prowde an

improved bottom-freezer refrigerator of the type referred to above capable of

exhibiting a high cooling effic cnency even though the air passage structure is

- simplified.

A further object of the present invention isto provide an improved
bottom-freezer refrigerator of the type referred to above, having no possibi!ity of
food materials within the refngerator compartment and the crisper chamber or -
box being cooled excesswely _

A still further object of the present invention is to provide an
improved bottom-freezer refrigerator of the type referred to above, that provides
an ease of use ehd particularly that of a zone of high utility in a household work.
DISCLOSURE OF THE INVENTION |

In order to accompl:sh these objects, the present invention
according to one aspect thereof provides a bottom—freezer refrigerator
compnses a generally rectangular box-like refrigerator housing including a top
division and a bottom division with an adiabatic partition wall mtervenlng
between the top and bottom d|V|s|ons The top division has a refrigerator

ehamber and a crisper chamber both defined thereln, which crisper chamber is,

although not exclusively, dedicated to accommodate food materials required to

be kept crisp such as, for exarriple, vegetablee. The bottom division has a
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freezer compartment defined therein.’
| The bottom-freezer refrigerator of the structure described above
also comprises a first cooler provided in the top division at a location spaced

from a rear wall portion of the crisper chamber, a first c:rculatlng fan disposed in

“the vicinity of the first cooler, a second cooler prcvuded in the bottom division,

and a second circulating fan disposed in the vicinity of the second cooler. The
refrigerator chamber and the crisper chamber are cooled by the first cooler in
cooperation with the first cireuiating fan, whereas the freezer compartmeht is
cooled by the second cooler in cooperation with the second circulating fan.

) - According to the present iﬁvehtion' the capacity of the refrigerator
can be secured by utilizing the simplified air passage structure - More

specifically, no air passage that extend completely across the adrabatlc partition

_. wall is employed to thereby simplify the air passage structure having a reduced

length thereof. Shortening of the air passage results in reduction in resistance

and, therefore, the top and bottom divisions can be mdependently cooled by the

fi rst and 'second coolers in cooperatlon with the first and second c:rculatlng fans,

respectively, to accomplish a high cooling effi iciency. Also, since the first cooler
is installed at a location deep rearward of the'cﬁsper chamber, neither does
thermal conduction to the cnsper chamber occur, but the depth of the crlsper
chamber will not be invaded.

Preferably the crisper chamber is divided into upper. and lower

- rooms so that relattvely heavy and/or bulky food materials can. be placed in or

removed from the crisper chamber which is used highly frequently, at a position

_convenient to the user. The use of the a low-temperature chamber inside the

refrigerator chamber preferably above the crisper chamber and having a
capacity smaller than that of the crisper chamber is, if cooled by the first cooler
in cooperation with the first circulating fan, effective to 'substantially eliminate

any possibie variation in temperature. -
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Préferably, assuming that the first cooler has a height a, a width b
and a depth ¢ and the second cooler has a height A, a width B and a depth C,
the first and second coolers have respective sizes that satiéfy at least the
following relation: |
| A<aandC>c
This fea_ture makes it possible to use the first cooler of a lean
structure sufficient to secure a deptgl of a zone of high utility and also to use the
‘second cooler of a redL'Jce.d height-:;;to make it possible to expand the zone of
high utility.
| In addition, in '._o'rd_er to render the bottom-freezer refrigerator of the
present invention to be rﬁoré uéer-fﬁendly and convenient to use, it is preferred
that a lower e_nd of the:ﬁ_r.st cooler is positioned a distance of 900 to 1,500 mn*i
above a support surface on which the refrigerator is-placed and an upper end of
the second cooler is positioned a distance of 400 to 700 mm above the support
surface. | '
In any event, these an_d other features of the present invention will
become clear from the detailed description of preferred embodiments of the
- present invention which follows with reference to the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1is a s’chematib Iongitudinal side sectiohal view of a bottom-
freezer refngerator according to a first preferred embodlment of the present
invention, shown together with a refngeratmg fluid circuit;
Fig. 2 is a view similar to Fig. 1, showing the refrigerator together
with functional blocks of a refrigeratirig system; .
| | Figs. 3 and 4 are sc_h_ématic Iorigi'tudinall side sectional VieV\rs of
the 'bottom-freezer refrigerator according to second and third preferred
embodiments of the present invention, respecti\rely;"

Fig. 5 is a schematic front elevational view of the bottom-freezer
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refrigerator according to a fourth preferred émbodiment of the present invention;
Fig. 6 is a schematic longitudinal side sectional view of thé
refrigerator shdwn in Fig. 5; |
Fig. 7is a schematié frbnt elevational view of the bottom-freezer
refrigerator according to a fifth prefet:red embodiment of the present invention;

Fig. 8 is a schematic longitudinal side sectional view of the

- refrigerator shown in Fig. 7;

Fig. 9is a SCHematic front elevational view of the prior art bottom-
freezer refrigerator; . | | |

Fig. 10.is a schematic Iongiiudinal side sectional view of another
prior art bottdm-freezer refrigerator; and

Fig. 11 is a schematic diagrém showing the refrigerating fluid
circuit employed in the prior art refrigerator shown in Fig. 10. o
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
(First Embodiment - Figs. 1and2) ' |

Referring now to Fig. 1, a bottom-freezer refrigerator according to
the first preferred embodiment of the 'présent invention comprises a generally
rectangular box-like housing 43 having its interior divided by 'én adiabatic

partition wall 44 into a top division 45 and a bottom division 46. The top division

45 has a refrigerator chamber 47 defined therein and 'a_ crisper chamber 48 also

defined therein at a location below the refrigerator chamber 47. The crisper

chamber 48 shown therein is in the form of a storage container 49 capable of

being drawn frontward and '_ rearward in a dirécition close to and away' from a
hingedly supported front door 5_1 adaptéd to selectively open and close a front

opening of the top' division 45. The storage container 49 is placed full deep

inside the refrigerator chamber 45 with a sbace left between a rear wall of the

storége container 49 and a rear interior wall of the refrigerator chamber 45 for

passage therethrough of a cooled air inside the refrigerator chamber 45. The
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refrigerator chamber 45 has a plurality of shelves 50 dividihg the interior of the
refrigerator chamber 45 into a correspondmg number of rooms that are freely
communicated with each other. ' |

~ The bottom division 52 has a freezer compartment 52_ _deﬁned
therein so as to open forwards af a location immediately below the hingedly

supported door 51 and mcludmg a drawing door 53 adapted to close the front |

-opening leading into the freezer compartment 52. Thxs drawing door 53 is so

configured that when the drawing door 53 is pulled forwards in a direction away

- from the refrigerator, upper and lower freezer containers 54 both opening

upwardly can be drawn out of the freezer compartment 52 having been guided .

by and along rails (not shown). It is to be noted that the adiabatic partition wall

' 44 is installed-at a level 650 mm above a support surface, for example a floor

on whlch the refrlgerator is plaoed upright. _
Reference numeral 55 represents a first cooler forming a part of a

refrigerating fluid circuit and installed at a location rearward of the refrigerator

chamber 47 and spaced upwardly from the rear wall portion of the crisper

chamber 48. Positioned immediately above the first cooler within the
refrigerator chamber 47 is a first circulating fan 56. A second cooler 57
associated with the freezer compartment 52 is install_e_d deep rearward of the
freezer corﬁpartment 52, and a second circulating fan 58 is positioned above
the second cooler 57. Reference numeral 59 represents a refrigerator air
passage defined rearward of the refrigerator chamber '47 and fhrough which an

air cooled by the first cooler 55 is circulated by the first circulating fan 56 into

s the refrigerator compartment by way of a plurality of vent holes 60 opening

towards the respective rooms each between the shelves 50. Reference

- numeral 61 represents a cooléd air refurn port defined deep rearward of the |

crisper chamber 48 and communicated with the first cooler 55.

Reference numéral 62 represents a freezer discharge port
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opening into the freezer compartment 52 and communicated with thé second

circulating fan 58. Reference numeral 63 represents a ¢oo|ed air return poi't

- defined deep rearward of the freezer compartment 52 and communicated with
~the second cooler 57. Reference 'numeral 64 represents a refrigerator

- temperature detecting means such as, for _example, a thermistor provided inside

the refrigerator chamber 47 and reference numeral 65 represents a freezer
temperature detecting means such as, for example, a thermistor provided inside
the freezer compartment 52. ' ’

The refrigerating fluid circuit includes a compressor 66 disposed at
a 'b_otto_m reaf location of the refri'geratér housing 43, -a condenser 67, a first
decqmpressor 68 cbmprised of, for example, a capillary tube and a suction tube
69. The compressor 66, the condenser 67, __ the first capillary tube or
decompr'esso_r 68, the first cooler 55, fhe' s_ecohd cboler 57 and the sqction tube
69 are fluid-connected with each other in this order to thereby complete a
closed loop of the refrigerating fluid circuit. A discharge .end of the first capillary
iube 68 is fluid-connected directly with the second cooler 57 through a by-pass
circuit 70 including a séoond decompressor 71 comprised of, for example, a |
capillary tube. Refe_renée numeral 72 représ'ents a valving device disposed at

an entrance to the first cooler 55 for switching a coolant circuit over to the by-

~ pass circuit 70. This valving device 72 is, in th_'e illustrated embodiment,

employed in the form of a motor-driven self-holding valve of a type which is

- driven by a steppér motor in response tb an electrical input and consumes an

electric power only during a valving action performed thereby.

- When a \)alving device 72 is opened, a coolant flows extens_ively
towards the first cooler 55 by the action of a diff_er_ence in resistance in the
coolant cirduit, but when the valving device 72 is closed, the coolant flows only

through the by-pass circuit 70, havihg bypassed the first cooler 55, towards the

. second cooler 57 by way of the second capillary tube 71. lh other words, this
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Valving device._72 is of a design capable pf assuming one of a first valve or open
position, in which the coolant is permitted to flow towards the first cooler 55, and

a second valve or closed position in which the coolant is permitted to flow |
towards the second cooler §7 through the by-pass circuit 70 without reaching
the _ﬂrst cooler 55.

- Referring to Fig. 2, the compressor 66 is driven by a compressor
drrve means 73; the first circulating fan 56 is driven by a first fan dnve means;
the second circulating fan 58 is driven by a second fan drive means 75 and the
valving device 72 is driven by a valve control means 76 so as to assume one of
the first and second valve- .po.s:,itior_ts..jj Reference numeral 77 represents a
refrigerator temperature control means fer controlling the temperature inside the
refrigerator chamber 47 in response- to the temperature detected by the
refrigerator temperature detecting means 64. Reference numeral 78 represents
a freezer temperature control means for controlling the temperature inside the
freezer compartment 52 in response to the temperature detected hy the freezer
ternperature detecting means 65. | -

The bottom—freezer refngerator of the structure descnbed above
and shown in Figs. 1 and 2 operates in the following manner. ,

Assuming that the freezer temperature detectmg means 65
detects that the temperature inside the freezer compartment 52 is hrgher than
an upper hmrt for example, -18°C of a predetermmed freezer temperature range. '
the compressor drive means 73 drives the compressor 66 based on an output
from the freezer temperature control means 78. Substanttally srmuttaneously
therewrth the second fan dnve means 75 drives the second circulating fan 58.

If at this time the refrigerator. temperature detecting means 64 detects that the

temperature inside the refrigerator compartment is lower than a lower limit, for

~ example, 2°C of a predetermined refrigerator terhperature range, the valve

control means 76 causes the valving device 72 to assume the second valve or
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closed position based on an output from the refrigerator temperature control
means 77. | |
Accordingly, a high-temperature coolant gas under pressure from
the compressor 66 is_ supplied into the condenser 67 where the coolant gas is
liquefied with heat dissipated, and the resultant low-temperature coolaht liquid is

subsequently decompressed as it flows through t.he first capillary tube 68. The

- low-temperature coolant liquid emerging from the 'ﬁrst capillary tube 68 is

supplied to the second cooler 57 throixgh the by-pass circu'it' 70 since the
valving dewce 72 is at this time held in the second valve or closed position.

 During the drive of the second circulating fan 58 to create a forced
dreft of cooling air, heat-exchange tapes place in the second cooler 57 to
provide a cooled air which is subséquent!y circulated into the freezer
compartment 52 through the freezer discharge port 62 after having flown
through the second cooler 57. . .

The coolant within the second cooler 57, after having been -
gasified, returns to the compressor 66 through the suction tube 69. In the event
that the refrigerator temperature detecting rrieans 64 then monitoring the
temperature inside the refrigerator chamber 47 at a predetermined interval |
detects that the temperature inside the refrigerator_chamber 47 is highe.r than
an upper limit, for example, 3°C of the predetermined refrigerator temperature
range, the valving device 71 is brought to the first valve or open position by the
valve control means 76 then driving the valving device 71 based on an output
from the refrigerator temperature control means 77 and, at the same time, the
first circulating fan 56 is driven by the first fan drive means 74.

| At this time, the low-temperature coolant which has been |
decompressed as it flows through the first capillary tube 68 will hardly flow into
the by-pa'ss circuit 70 having the second capillary tube 71 providing a high

resistance to flow and passes through': the valving device 72, a majority of the
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low-temperature coolant being consequently circulated in the coolant circuit
through the first cooler 55 and then through the second cooler 57. Accordingly,

during. the first circulating fan 56 being driven heat-exchange takes place in the

~ first cooler 55 to allow the latter to provide an cooled air which is subsequently

supplled into the refrigerator chamber 47 through the refrigerator air passage 58
by way of the refrigerator vent holes 60 to thereby cool the refrigerator chamber
47. The cooled air supplied into the refrigerator _chambe'r.47 flows through the
space between the storage container 49 within the crisper chamber 48 and the
adiabatic partition wall 44 to cool the cnsper chamber 48 mdlrect!y and finally
retums to the first cooler 55 through the return port 61.

in the event that the refrigerator temperature detecting means 64
subsequently detects that the temperature inside the refrigerator chamber 47 is
lower than the lower limit, for example, 2°C of the predetermined refrigerator
temperature range, the valve control means 76 caused the valving device 72 to
assume the second valve or closed position based on the _outpﬁt from the
_ref_rigerator ten'rp,erature control means 77 and the first fan drive means 74 is in
activated to bring the first circulating fan 56 to a hailt. On the other hand, in the
event that the freezer temperaturé detecting means 65 detects that the
temperature inside the freezer compartment 52 is lower than a lower limit, for
example, -26°C of the predetermined freezer temperature range, the comp-
ressor drive means 73 causes the compressor 66 to be brought to a halt based
on an output from the freezer température control means 78 and, substantially
at the same time, the second fan drive means 75 is inactivated to bring the
second circulating fan 58 to a hait. |

In the bottom-freezer refrigeratbr according to the first preferred
embodiment of the present inverxtion, since rhe freezer compartment 52 and the
refrigerator compartment including the refrigerator chamber 47 and the crisper

chamber 48 are cooled through the separate air passages, no lengthy air
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passage of a kind passing completely across the adiabatic partition wall 44 is
required and the various compartments can be effectively cooled with the
simpliﬂed air passage structure, allowing the refrigerator to secure a sufficiently
effective capacity. _ |

Also, since the air pass'age is reduced in length accompanied by
reduction in resistance to the air flow, the power required to drive the circulating
fans to secure the required amount of the air can be reduced advantageously
Accordingly, not only can the effi cuency of supply of the air be increased, the
first and second circulating fans 56 and 58 can be assembled compact. In

addntion reduction in length of the air passage minimizes a loss of heat which

- would otherwise resuilt from absorption of heat as the cooled air ﬂow through

the_ air passage, accompanied by increase of the cooilng efficiency.

| Moreover, ' since "the refrigerator housing is divided by the
adiabatic partition wall 44 into the top and bottom divisions 45 and 46 each
equipped with the dedicated cooler and the dedicated circulating fan, the
evaporation temperature of the respective cooler can be designed of a value B
appropriate to either the refrigerator compartment or the freezer COmpartment
More specifi caily, with respect to the refrigerator and crisper chambers 47 and
48 in the top dwtsuon 45 where food materials are stored at a temperature
higher than, for example, D°C the evaporation temperature of the first cooler 55
can be chosen to be higher than that of the second cooler 57 to minimize the
difference between it and the temperature at which the food materials are
stored, to thereby avoid any- possible excessive cooling and/or dehydration.
Also, increase of the evaporation temperature is effective to enhance the |

efficiency of the refrigerating cycle (i.e., cooling capacitylcompressor power) to

“minimize the consumption of the electric power.

If the valving device 72 provided at the entrance to the first _cooler

32 for switching the coolant circuit is employed in the form of a two-way sluice
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valve designed to allow the coolant to flow only through the by-pass circuit
during the closure thereof, the refrigerating cycle can be designed inexpensive
as compared with the use of, for -examplé, a three-way valve for selectively
switching the cooling circuit. | | |

In addition, since the valving device 72 is of a design driven by the
stepper motor to- aséume one of the open.and closed positions, the valving
device 72 may be a self—holding type which consumes an electric power only
when it is driven to assume one of the open and closed positions and requires
no input which would otherwise be reduired in the case of, for example, a valve
of a type driven by an electromagnet, .during a period in which the valve is held
in one of the open and cIosed. positions. Accordingly, the input to the valve is
reduced accompahied' by -reddction of the electric power consumption and the
-valve ‘will not be advérsely affected by heat evolved in the 'Val've, makihg it
possible to- manufacture the refrigerator at a reduced cost with no_insulation
réquired in the valve. |

In the bottom-freezer refrigerator according to the first preferred
embodiment of the present invention, the first cooler 55 is not installed at a
location deep rearward of the Crisper chamber 48 and, therefore, there is no
possibility that food materials such as vegetables and/or fruits having a high
wdter,contérit that aré accommodated within the storage container 49 will be
excessively cooled and, hence, damaged by a heat conduction to the crisper
chamber 48. In addition, since the depth of the crisper chamber 48 as
measured in a direction from the front door 51 to the rear wall of the housing is
not inroaded, the capacity of the storage container 49 is suffi iciently secured,
permitting elongated food materials such as Chmese cabbages and/or leeks to
be snugly accommodated within the storage container 48. For this reason, the
vegetables and/or fruits which are utilized highly frequently and also which are

consumed often can be stored in an appropriate environment.
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Furthermore, _according to the refrigerating cycle employed in this
embodiment of the present invention, the coolant can flow into the first cooler 55
only when the refrigerator chamber 47 is required to be cooled, but the coolant
does not flow through the first cooler 55.when the refrigerator chamber 47 is
sufficiently cooled. .Iri 'othel; words, only when thé refrigerator chamber 47 and

the crisper chamber 48 are to be cooled, the coolant can be selectively passed

- through the first cooler §5. = -

Accordingly, when the amBient_temperature in a house room in
which the refrigerator is installed is so low that the refrigerator chamber 47 need
not be cooled, for example, during the winter season, the coolant will rarely

flow through the first cooler 55 that is installed rearward of the refrigerator

chamber 47, since the cooled air will no stagnate in the vit:inity of a lower region

of the refrigerator chamber 47 and the crisper chamber 48 due to natural
convection, there is no possibility that the food materials within the refrigerator

chamber .47 and/or the crisper chamber 48 will be excessively cooled. In

| particular, the crisper chamb_er 48 has its bottom separated from the freezer

compartment 52 by the intervention of the adiabatic partition wall 44, there is no -
possibiity that the food material within the crisper chamber 48 may be frozen by'
thermal conduction from the freezer compartment 52.

The second cooler 57 is dedicated to cool only the freezer
compartment 52 and, therefore, the second cooler 57 may be of a cémpact type
having a relatively low 'heat-éxchange capability. Accordingly, the second
cooler 57 and the second circulating fan 58 can have a reduced height,
permitting the adiabatic partition wall 44 above those components 57 and 58 to
be lowered in position and, ac_cording'ly, the bottom of the crisper chamber 48

where relatively heavy food materials are frequently stored can be defined at a-

. level 850 to 800.mm, preferably 650 mm, above the support surface. Thus, the

present invention is effective to provic!e the bottom-freezer refrigerator of a
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design wherein the user can conveniently place or remove food materials into or
from the crisper chamber 48 at a Waist level.

Yet, the freezer compartment 52 at a lower region of the
refrigerator housing 43 is of a design wherein when.the drawing dodr 53 is
pulled outwards the top opening of the etbrage container 54 can be exposed to
the outside of the reﬂ_'ig'eratoi, allowing the user to loek into the storage '
container 43. Accordingly, the user.can pleasantly place or remove food
materials into or from the stofage container 54 at a position level with his or her
knees. | | _

' ' In describing'. the boftori;-freeier refrigerator a_ccording to the
foregoing embodiment of the present invention, each of the first and second
coolers -55 en_d 57 is employed in the form of a heat-exchanger of a fin-and-tube
type together with the respective fan, but may.be employed in the form of a
plate-type cooler capable of accomphshmg a direct cooling by the effect of a

'natural convectlon Also, although the first cooler 55 has been shown as
positioned above and rearward of the crisper chamber 48, it may be mstalled in.
a ceiling or a side wall of the refngerator chamber 47 and even in such case
similar effects can be obtained.

(Second Embodiment - Fig. 3)

ReferrinQ to Fig. 3 showing the bottom-freezer fefrig'erator accord-
mg to a second preferred embodtment of the present invention, reference
numeral 56a represents a first circulating fan of a box fan type wherein a drive
motor is installed in a center area of vanes, which fan 56a is installed above the
first cooler 55.

| According to the second embodament the first circulating fan 56a
can have a depth smaller than that of the conventnonal propelier-type fan. The
use of the first circulating fan S6a together with the lean first cooler 55 is

effective to secure a substantial depth of the refrigerator chamber 47 as
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measured in a direction from the door 51 to the rear interior wall of the housing,
accompanied by increase in capacity. - | |
(Third Embodiment - Fig. 4)

Refernng to Frg 4 showing the bottom-freezer refngerator accord-
ing to a third preferred embodlment of the present mventron reference numeral
56a represents a first crrculatmg fan of a box fan type whereln a drive motor is .
installed in a center area of vanes, which fan 56a is installed above the first

cooler 55 in a fashion inclined an angle of 60 to 80° relative to the honzontal _

- plane so that the cooled air can be blown upwardly for circulation wsthln the

refrigerator chamber 47.

According to the third embodiment of the present invention

- described above, the air cooled by the first cooler 55 can be forcibly sucked

onto the first circulating fan 56b; However, since the first circulating fan 56b is
in the form of the lean box fan and inclined 60 to 80° _relative to the horizontal
plane, an adiabatic wall 59a forming the refrigerator"air passage 59 has a wall
surface smoothly inclined at an angle'cqrrespo'nding to the angle of inclination
of the box fan which is the first circulating fan 56b, to _thereby_ minimize a duct
resistance. For this reason, not only can an efficient circulation of the cooled air
in a direction upward within the refrigerator chamber 47 be accomplished, but
generation of noises from the first circulating fa.rr 56b can elso be reduced. In

addition, the depth of the refrigerator air 'pasSage_ 89 can advantégeously be

* reduced, thereby increasing the effective capacity of the refrigerator chamber

47.
(Fourth Embodiment - Figs. 5 and 6)

Referring to Fi_gs. 5and 6 showing the bottom-freezer refrigerator
according to a fourth preferred embodiment of the present invention, the
bottom-freezer refrigerator shown therein comprises a generally rectangular

box-like housing 79 having its interior divided by an adiabatic partition wall 80



- 10

15

20

25

WO 99/42771 ' PCT/IP99/00683
21

into-a top division 81 and a bottom division 82. The top division 81 has a
refrigerator chamber 83 defined therein and a crisper c'hamber.84. The crispér
chamber 84 is defined therein at a location below the refrigerator chamber 83
and accommodates therein a drawing storage container 85 that can be drawn
forward or reérward in a direction close to'or-away from a front door assembly.
Reference numeral 86 represents a Iow-temperature chamber that is cooled to
a temperature lower than that msnde the refngerator chamber 83 for chilling

(0°C) or icing or partial freezing (0 to -3°C) and defined within the refrigerator

~ chamber 83 at a location immediately above the crisper chamber 84. This low-

temperature chamber 86 has a capacuty smaller than that of the crisper
chamber 84 and also has a _smallzhelght than that of the crisper chamber 84 and
may be used to accommodate meats andlor fishes. Reference numeral 87
represents a storage container accommodated within the low-temperature
chamber 86 for movement in a direction close to and away from the front door
assembly.

Heat msulatlng panels 88 and 89 are installed at a ceiling of the
low-temperature chamber 86 and between the crisper chamber 84 and the low-
temperature chamber 86.

. The front door assembly used in the bottom-freezer refrig'erator
according to the fourth embodiment of the present invention is of é casement
type including hingedly supported doors 80 and 91 for selectively opening and
closing the front opening leading into the refrigerator compartment including the
refrigerator chamber 83, the Iow-temperatdre chamber 86 and the crisper
'chamber 84. o , | .
" The bottom division 82 has a freezer compartment 92 defined
therein so as. to open forwards at a location immediat'ely below the front door
aésembly and including a drawing door 94 adapted .to close the front opening

leading into the freezer compartment 92. This drawing door 94 is so conﬁgur_ed' '
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that when the drawing door 94 ts pulled forwards, a storage container 93
opening upwardly can be drawn out of the freezer compartment 52 having been
guided by and along rails (not shown). | | |
Reference ndmeral 95 represents a first cooler of a refrigerating
system disposed at a location deep rearward of the refrigerator chamber 83,
which cooler 95 is installed rearward of the low-temperature chamber 86. A first
clrculatmg fan 96 cooperates- with the fi rst cooler 95 for- csrculatnng an air cooled
by the first cooler 95. Reference numeral 97 represents a second cooler

disposed at a location deep rearward of the freezer chamber 92 and cooperable

‘with a second circulating fan 98 positioned above the second cooler 97 for

circulating an air cooled by the second eooler 97.

‘Reference numeral 99 represents a first refrigerator air passage
defined’ rearward of the refngerator chamber 83 and through which the air
cooled by the first cooler 95 ean be circulated by the first circulating fan 96 into
the refrigerator chamber 83, and refenénce numeral 100 represents"a second |

refngerator air passage through which the cooled air circulated by the first

“circulating fan 96 can be supplied |nto the low-temperature chamber 86.

Reference numeral 101 repr_esents a plurality of vent holes defined at desired |
positions in communication with the first refrigerator air passage 99 for
introducing the: cooled air into the refrigera'tor chamber 83, and reference
numeral 102 represents a discharge port deﬁned at an outlet of the second
refrigerator' air passage 100 for introducing  the cooled air into the Iow-‘
temperature' chamber 86. The cooled air having been circulated within the
refrigerator cha_mber 83 is re_turne.d through a return port 103, defined at a
Iocation deep rearward of the refrigerator chamber 83, back to the first cooler 95.

The temperature inside the refrigerator chamber 83 is detected by a refrtge'rator

temperature detecting means 104 such as, for example, a thermistor installed

within the refrigerator chamber 83 whereas the temperature inside the freezer
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compartment 92 is detected by a freezer temperature detecting means 105

such as, for example, a thermistor installed within the freezer compartment 92.
The refrigerating fluid circuit includes a compressor 106 disposed

at the bottom rear of the housing 79, a condenser 107, a first decompressor or

capillary tube 108 and a suction tube 108. The compressor 106, the condenser

107, the first capillary tube 108, the first cooler 95, the second cooler S7 and the

suction tube 109 are ﬂ'uid-connectéd wzth each other in this order to thereby
form a closed loop of the refrigera’tihg ﬂuiéi circuit. A discharge end of the first
capillary tube 108 is fluid-connected directly with the second cooler 97 through
a by—pass circuit 110 including a second'- decompressor or capillary tube 111.
Reference numeral 112 represents a valving device disposed at an outlet of the
first condenser 107 for switching a coolant circuif over to the by-pass circuit 110.
This valving device 112 is diéposed in an engine room defined outside the -
refrigerator, for example, at the bottom rear of the housing 79 in a manner
similar to the compressor 106. The valving device 112 may be a three-way
valve for selecting one of fluid passages or an electromagnetically operated
two-wéy valve, but is p're'ferably employed in the-form of a mbtor—driven self-

holding tWo—way sluice valve of a type which is driven by a stepper motor in

response to an electrical input and consumes an electric power only during a

valving action performed thereby. _

| The valving device 112 is capable of _aésuming one of a first valve
or open position, in which the coolant can exténsively flow towards the first
cooler 95 by the effect of a difference _in resistance in the coolant fluid circuit,
and a second valve or closed position in which the coolant can flow only
through the by-pass circuit 110 towards the second cooler 97 by way of the
second capillary tube 111 haying bypassed the first cooler 95.

- The first cooler 95 is installed at a level spaced a predetermined

height H1 as measured from the support surface to a bottom end 95a of the first
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cooler 95, whereas the second cooler 97 is installed at a level spaced a
predetermined height H2 as measured from the support surface to a top end

97a of the second cooler 97. The height H1 for the first cooler 95 is preferably .-

.within'the range of 900 to 1,500 mm whereas the height H2 for the second

cooler 97 is preferably within the range of 400 to 700 mm.

Each of the first and second coolers 95 and 97 employed in the
bottom-freezer refngerator accordmg to the fourth embodiment of the present
mventvon is of a fin-and-tube type. Assuming that the first cooler 95 is of a size

having a height a, a width b and a depth c and the second cooler 97 is of a size

‘having a helght A a wndth Banda depth C, the both are designed to satisfy the

following relatlonshlp

| A<a,B<bandC>c¢ _
Accordingly, the first cooler 95 is so designed in consideration of the cooling
performance as to have -th_e reduced depth ¢ and the _increased height a. On
the other hand, since within the freezer compartment 92 it is necessery for the
second 'circulating fan 98-and the second cooler 97 to be installed at a position
lower than an undersurface 80a of the adiabatic partition wall 80 and since an
evaporation tray 114 and the compressor 106 have to be installed within the
engine room 113 defined at the bottom rear of the housing 79, the second

cooler 97 is so -desigh.e'd' as to have the reduced height A.

- The operation of the bottom-freezer refrigerator according to the | |

' foudh embddiment of the present invention will now be described.

As soon as the refrigerator temperature detecting means 104
detects a temperature exceeding a predetermined temperature, the first
circulating fan 96 starts its operation. The air cooled by the first cooler 95 is
supplied by the first circulating fan 96 into the refrigerator chamber 83 through
the refrigerator air passage 99 by way of the vent holes 101. On_the other hand,

the cooled air is also supplied into the low-temberature chamber 86 through the
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low-temperature air passage 100 by way of the discharge port 102.

The cooled air so supplied into the refngerator chamber 83 and
the low-temperature chamber 86 flows through the space delimited between the
storage container 85 of the crisper chamber 84 and the adiabatic partition wall
80 and then returns to the first cooler 95 through the return port 103. However,
when the refrigerator temperature detecting means 104 detects a temperature |
lower then the predetermined value, th,e -ﬁrst'circulating fan 86 is brought to a
halt. In this way, by the circulation of the cooled air within the refrigerator
chamber 83 and the _Iow-temperature e_hamber 86, the various chambers are
cooled to respective predetermined _te”rnperatures. In addition to the crisper
chamber having been cooled by the cooled air returning through the refrigerator

chamber 83 and the low-temperature chamber 86, it can also be cooled by

. thermal conduction from the low-temperature chamber 86.

On the other hand, when the refrigerator tempe_ratu_re detecting

means 105 detects a temperature higher than a predetermined temperature, the

- second circulating fan 98 is brbUg_ht_ into operation. The air cooled by the

second cooler 97 is supplied by the second circulating fan 98 into the
refrigerator compartment 92. If the refrigerator temperature detecling means
105 subsequently detects the temperature lower than the predetermmed
temperature the second csrculatmg fan 98 is brought to a halt. By repeatlng
this cycle the refrigerator compartment 92 is cooled to the predetermined
temperature

Hereinafter, the refrigerating cycle will be descrtbed. When the
freezer temperature detecting means 105 detects a temperature higher than a
freezer'compartment preset temperature, the compressor 106 is driven. About
the same time, the second ciroulating fan 108 ie driven. At this time, the valving
device 112 is tteld in the closed position in the event that the refrigerator

temperature detecting means 104 detects a temperature lower than a
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refrigerator chamber preset temperature.
As a result, a coolant gas of a high temperature under a high

pressure is supplied from the compressor 106 into the condenser 107, and the

coolant liquefied by the condenser 107 with heat dissipated flows into the by-

pass passage 110. The coolant flowing through the by-pass passage 110 is
then decompressed as it flows through the second capillary tube 111 and is
then guided towards the second cooler 97 '

' Since a forced draft of air mduced by the second circulating fan 98 |
is supplied to the second cooler 97, the air passing through the second cooler
97 is cooled by the heat—e_XchanQe with_‘ the second cooler 97 and is then

supplied into the fre'ezer compartment 92 to cool the freezer compartment 92 to

- a predetermined freezer temperature,

The coolant within the second cooler 97 is, after having been

gasified, returned to the compressor 106 through the suction tube 109. If,

however, the refrigerator temperature detecting means 104 mooitoring the

.t_emperat_ure inside the refrigerator chamber 83 detects the temperature higher_

than a refrigerator chamber preset 'ten_iper'a'ture, ‘the valving device 112 is |
brought into the open position and the first circul.atirig fan 96 is also driven.

As aresult, the coolant will rarely flow info the by-pass circuit 110
in which the second capillary tube 111 poses a relatively high resistance to the
flow thereof, but flows in most prooorti.ons into the coolant circuit where the
coolant pa_s'si.ng through the valving device 112 is decompressed by the first -

capillary tube 108 and then flows into the second coo!er o7 through the first

"cooler 95. Accordingly, since the forced draft of air induced by the first

' c:rculatlng fan 96 is supplled through the fi rst cooler 95, the air flowing through

the first cooler 95 is cooled by the heat-exchange wnth the first cooler 95 and the
refrigerator chamber 47 is consequently cooled.

In the event that the refrigerator temperature detecting means 104
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detects a temperature lower than the refrigerator cham_ber preset temperature,
the valving device 112 is brought to the closed position and the first circulating
fan 56 is brought to a hait. On the other hand if the freezer temperature
detecting means 105 detects a temperature Iower than the freezer compartment
preset temperature, the compressor 106 is brought fo a halt and about the
same time the second crrculatlng fan 98 is also brought to a halt. |
As hereinabove descrlbed, since the low-temperature chamber 86
is cooled by the first cooler 95 having an evaporation temperature relatively
close to the temperature to which the stored food materials are cooled, any
possible variation in temperature and dehydration can advantageously be

suppressed. For this reason, storage of raw food materlals such as meats and

- fishes which are qualitatively sensmye to storage envrronments can be well

managed. In addition, a diversity of température zones including those inside
the refrigerator chamber 83 and the cnsper chamber 84 can be obtained with a
simplified air passage. _

As a result of investigation to determine how refrigerators are

used in households, it has been found that the refrigerators are most utilized in

‘a zone distant above the support surface, i.e., the floor within the range of 600

to 1,000 mm. Accordingly, in the practice of the fourth embodiment of the
present invention, the fi rst cooler 95 is installed at a level spaced a

predetermined height H1 wrthln the range of 800 to 1 500 mm as measured

| from the support surface to a bottom end 953 of the first cooler 95, whereas the

second cooler 97 is installed at a level spaced a predetermined height H2 within
the range of 400 to 700 mm as measured from the support surface toatopend -
97a of the second cooler 97. Accordingly, most of the cooling component parts

are not installed at a level spaced 600 to 1,000 mm above the support surface
which level falls within the zone of high utilization and, therefore, the capacity

can be increased in that zone to provide the refrigerator easy to handle.
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In addition, assuming that the first cooler 95 is of a size having a
height a, a widthb and a depth c and the second cooler 97 is of a sizé having a
height A, a width B and a depth C, the both are deS|gned to satisfy the followmg ,
relationship:
A<a B<bandC>c
Accordingly, the first cooler 95 is so designed as to have the smaller depth ¢
than that of the second cooler 97, permrttmg the refngerator chamber 83 to
have an effectlve capacity at Ieast 10% increased as compared with that in the
conventional refngerator and also a highly utilized crisper chamber 84 to have . |
an effective capaclty at Ieast 5%. mcreased as compared wuth that in the
conventlonal refrigerator. On the other hand, srnce the second cooler 97 can be
- installed at a relatively fow with the adlabatlc partltton wall 80 positioned at a
level about 600 mm above the support surface utilization of the zone of high
“ utilization can be mcreased

In addmon with respect to the cnsper chamber 84 and the low-

temperature chamber 86 both located:in the zone of high utmzatlon the crisper -

chamber 84 below the Iow-temperature chamber has an increased height to
secure the capacity whereas the Iow-temperature chamber 86 above the cnsper
chamber 84, which may have a relatrvely small capacity, has a reduced height.
By so desngmng, those chambers 84 and 86 are well balanced relatlve to the
overall conﬁguratlon of the refrigerator to permit the refrigerator to store
perishables in a favorable manner.

Also, since the first cooler 95 is mstalled rearward of the Iow—
temperature chamber 96, a low temperature zone can easily be obtained not
only by the effect of the forced draft of cooled air produced by the first
circulating fan 96, but also by a thermal conductton from the first cooler 96
installed rearward of the iow-temperature chamber 96. The low-temperature

chamber 96 suffices to have a relatively small required capacity and, therefore,
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a space can be secured for installation of the first cooler 95 rearward of the low-

temperature chamber 96. |
The use of the heat insulating panels 88 and 89'disposed above

and below the low-temperature chamber 86 is effective to minimize inﬂuen.ce_

which would be brought about by heat on the refrigerator chamber 83 and the

. crisper chamber 84, and tempe_rature management of the crisper chamber 84

and the low-temperature chamber 86 for__--aécommodating the perishables which
tend to be adversely affected by. hea't"?can be accomplished in a stabilized
fashion. In addition, the Iow-température chamber 86 can be cooled to a lower
temperature suitable for partial freeziné at about -3°C, thereby providing a
freedom of storage of food materials.

Considering that the refrigerator is getting jumboized with the front

‘door assembly consequently increased in size, the use of the casement doors

90:and 91 such as in the fourth embodiment of the present invention is more
convenient than the use of the single hinedly supported door, in that opening
of either one of the casement doors 90 and 91 is sufficient to remove food
maferial frorjn the refrigerator. wifh a possible escapement of the -cooled air
minimized. Also, sinée the crisper chamber 84 and'. the low-temperature
chamber 86 are arranged inside the refrigerator chamber 83, the refrigerator
can have an appealing design feature without allowing the user to feel frowned
by the weight and bulkiness of the refﬁgerator -

| Furthermore, according to the refrigerating cycle employed in this
embodlment of the present invention, the coolant does not flow through the first
cooler 95 when the refrigerator chamber 83 do not require cooling and,
therefore, the refrigerator chamber 83, the crisper chamber 84 and the low-
temperature chamber 86 can be properly controlled in temperature without
being excessively cooled. Also, since the valving device 112 is disposed on a

high pressure side of the refrigerating cycle, respective amounts of pressure
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reduced by the first capillary tube 108 and the second capillary tube 111 can be

‘adjusted to suit to the corresponding evaporation temperatures of the first

cooler 95 and the second cooler 97, thereby accomplishing an increas’ed
freedom of design choice. Also, the valving device 112 can be installed at a
location within the engine room 113 and outside the refrigerating area of the

refrigerator housmg and can easily be assembled providing a good servicing.

~ (Fifth Embodlment Figs. 7 and 8)

The bottom-freezer refngerator according to a fi fth preferred

embodiment of the present lnventron is shown in Frgs 7 and 8 in front

' elevatlonal and side sectional representataons respectlvely

Referring to Figs. 7 and 8, the bottom-freezer refngerator shown
thereln comprises a generally rectangular box-like housing 115 having its
interior divided by an adiabatic partition wall 116 into a top division 117 and a

bottom division 118. The adiabatic partition wall 116 is installed at a level about

- 650 mm spaced above the support surface such as the floor on which the

. refrigerator stands upright. The top division 117 has a refrigerator chamber 119

provided with a hing_edly supported door 120 for selectively opening and closing
a front opening leading into the refrigeretor chamber 119. The top division 117
also has a crisper chamber 122 defined below the refrigerator chamber 119 and
provided with a drawing door 122 at a front opening thereof independent of the
refngerator chamber 119 and including a storage container 123 that can be
drawn into or out of the crisper chamber 121 together with the drawing door 122
Reference numeral 124 represents a low-temperature chamber d|sposed at a
lower region of the refrigerator chamber 119 and above the crisper chamber
121 for storirig meats and/or fishes at' a temperature lower than that inside the
refrigerator chamber 119. The bottom division 118 has a freezer compartment
126 defined therein.

Reference numeral 127 represents a fi rst cooler of a refrigerating
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system disposed at a location deep rearward of the crisper chamber 121. A first

circulating fan 128 is positioned above the first cooler 126 and cooperates with

the first cooler 126 for circulating an air cooled by the first cooler 126.
Reference numeral 129 represents a.second t:ooler dispdsed at a location deep
rearward of the freezer chamber '1 25 ahd cooperable with a second circulating
fan 130 positioned above the second cooler 129 for circulating an air cooled by
the second cooler 129. B |

~ Reference numeral 131 represents a first refrigerator air passage
defined rearward of the refrigerator chamber 119 and through which the air
cooled by the first cooler.127 can be circulated by the first circulating fan 128
into the refrigerator chamber 11.9, and reference numeral 132 represents a low-
temperature air passage through which the air from the first circulating fan 128
can be supplied into the. Iow-te'mp'e'rature chamber 124. Reference numeral
133 represents a pluraiity of vent holes defined at desired positions in
communication with the first refrigerator air passage 131 for ihtrdducing the
cooled air into the _refrigerétor chamber 119, and reference numeral 134
represents a dischérge port defined at an outlet of the low-temperature chamber
air passage 132 for introducing the cooled air into the low-temperature chamber
124. Thé cooled air having been circulated within the refrigerator chamber 119

is r'eturnéd through a return port 135 back to the first cooler 127. The

temperature inside the refrigerator chamber 119 is detected by a refrigerator

temperature detecting means 136 such as, for example, a thermistor installed

within the refrigerator chamber 119: the temperature inside the low-temperature

chamber 124 is detected by a low-temperature. detecting means 137 such as,

for example, a thermistor installed within the low-temperature chamber 124; and

th_e temperature inside the freezer cdmpartme'nt 126 is detected by a freezer

temnperature detecting means 138 such as, for example, a thermistor installed

within the freezer compartment 126.

s
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Reference numeral 139 represents a cooled air supply regulator
139 (hereinafter referred to as a thermo-damper) dispdsed on the way of the
low-temperature air passage 132. " ' '

The refrigerator air passage 131 is so desrgned as to have a
cross—sectzonal surface area sufficient to provide a higher resistance than that in
the low-temperature air passage 132.

The manner in which the low-temperature chamber 124 is cooled
wrll now be described. Should the refngerator temperature detecting means
136 detect a temperature higher than a. predetermined temperature, the first
circulating fan 128 is brpug_ht inte operattgn._- If at this time the IoW-temperattJre
detecting means ;1'37 detects a temperature higher than a predetermined
temperature, a flap of the thermo-damper 139 is held in an o_pert position and, |
accordihgly, the air cooled by the first cooler 127 is supplied into the refrigerator
chamber 119 and the low-temperature chamber 124. Since the iow-

temperature air passage 132 has a low resistance in the air passage, a greater

. amount of the cooled air flows into the low-temperature air passage 132 than in

the refrigerator air passage 131 and, as a result thereof, the low-temperature
chamber 124 is cooled quicker than the refrigerater chamber 119. |
Thereafter, when the low-temperature detecting means 137
detects the temperature lower than the predetermined temperature, tt\e ﬂap of
the thermo-damper 139 is brought in a closed position. Since at this time the
amount of the cooled air suppited to the refrtgerator chamber 119 is small, it has.
not yet been cooled sufﬁciently. During the closure of the flap of the thermo-
damper 139, the air cooled by the first cooler 127 flows only through the
refrigerator air passage 131 and is then supplied into _enly the refrigerator
chamber 119. With passage of time, the refrigerator temperature detecting
means 136 detects the temperature lower than the predetermined temperature

to bring the first circulating fan 128 to a halt. In this way, the refrigerator



10

15

20

25

WO 99/42771 ' . PCT/JP99/00683

33

chamber 119 and the low-temperature chamber 124 are controlled to the
respective predetermined temperatures.

| If the ambient ‘temperature around the refrigerator is low, the
extent to which the low-temperature chamber 124 is required to be cooled will
become higher than that to which the refrigerator chamber 119 is required to be
cooled, but even in this case, sihce _the amount of cooling of the low- |
temperature chamber 124 is set to a vat_ye greater than the amount of cooling of
the refrigerator chamber 119 due to ?the air passage resistance, the low-
temperature chamber 124 is quickly cooled without the refrigerator chamber
119 consequently not cooled to a temperature at which food materlal wnthm the
refrigerator chamber 119 would be frozen, ' |

On the other hand, even when the amount of .cooling of the

~ refrigerator chamber 119 is increased considerably to a value greater than that

of the low-temperature chamber 124 as a resuit of selective openmg and
closing of the front door, only the refrigerator chamber 119 can be cooled with
the flap of the thermo-damper 139 held in the closed position and, therefore,
there is no possibility that the Iow-temperature chamber 124 may be cooled
excessively. |

Accordingly, the temperature inside the Iow-temperature chamber
124 can be controlied to a predetermlned temperature range noththstandlng
change in balance between the respective amounts of cooling of the chambers
119 and 124 Which would result from the influence brought about by the
ambient temperature and/or the selective opening and closing of the front door,
thereby making it possible to provide the refrigerator having the low-
temperature chamber 124 havmg a high capablllty of preserving the penshables. |

On the other hand, since in the fifth embodiment of the present

invention shown i in Figs. 7 and 8, the crisper chamber 121 includes the drawing

door 122 independent of that for the refrigerator chamber 119, the user can
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place or remove food m.aterials into or from the crisper chamber 121 with no
need to open the front door 120 for the refrigerator chamber 119. Also, since
the crisper chamber 121 which is very ofteh' used to accommodate relatively
bulky food matenals can be used by drawing the storage container.123 at a
position generally level wnth the user's waist above the support surface, the |
refrigerator according to the fifth embodrment of the present invention is |
advantageously convement touse.” _

It is to be noted that the first cooler 129 that is used to cool the
refngerator chamber 119, the cnsper chamber 121 and the Iow-temperature
chamber 124 can be mstalled at a locatlon deep rearward of the crisper
chamber 121 to permit the depth of the refrigerator chamber 119 to be

effectively utilized, or at a location de'ép rearward of the refrigerator chamber

119 and the low-temperature chamber 124 to permit the crisper chamber 121 to

have an increased depth to permit the chamber 121 to accommodate an
lncreased amount of vegetables and/or fruits. _

Although the present invention has been described in conn_ection
with the preferred embodiments thereof with .referehce to the acoompanying
drawings, it is to be noted that various changes and modifications are apparent to |
those skilled in the art. Such changes and modifications are to be understood as
included within the scope of the present invention as defined by the appehded

claims, unless they depart therefrqm.
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1. A bottom-freezer refrigerator which comprises: _
a generally box-like refrigerator housing _'including a top division and a

bottom division with an adiabatic partition wall intervening between the top and

. bottom divisions, said top division including a refrigerator chamber and a

- crisper chamber both defined therein, and said bottom division including a -

freezer compartment defined therein,

a first cooler provided in fhe top division at a location spaced from a rear
wall portion of the crisper chamber:; _

a first circulating fan disposed"in the vicinity of the first cooler;

a second c_:cbler provided in the bottom division; and

a second circulating fan disposed in the vicinity of the second cooler,

said refrigerator chamber and said crispér chamber being cooled by the first
- cooler in cooperation with the first circulating fan, whereas said freezer

- compartment is cooled by the second cooler in ¢ooperation with the second

circulating fan.

2. The bottom-freezer refrigerator as claimed in Claim 1, wherein the
crisper chamber is divided into upper and lower rooms.

3. The bottom-freezer refrigerator as claimed in Claim 1 or 2, further
comprising a low-temperature chamber inside the refrigerator chamber, said
low-temperature chamber h'aviﬁg a temperature lower than that in the
refrigerator chamber and being cooled by the first cooler i in cooperation with the-
first circulating fan. _ '

4, The bottom-freezer refrigerator as claimed in Clalm 3, wherein the
low-temperature chamber is defined above the cnsper chamber and has a
capacity smaller than that of the crisper chamber. _

5. The bottom-freezer re‘fngerator as claimed in Claim 3 or 4,

wherein the first cooler is installed at a location deep rearward of the low-
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6. - The bottom-freezer refrigerator as claimed in Claim 4 or 5, further

temperature chamber.

comprising a heat insulating panel disposed in a gap between the crisper

- chamber and the low-tempeérature chamber and at a ceiling of the low-

‘temperature chamber.

7. " The bottom-freezer refrigerator as claimed |n any one of Clalms 1

- to 6, further comprising a drawing door i m the bottom dwns:on

8. The bottom—freezer refngerator as clanmed in Claim 7, further
compnsmg a casement door assembly prowded in the top dwrsron |
9. ' "“The bottom-freezer refngerator as claimed in Clanm 7 or 8, further

comprising .a door used for each of the refngerator chamber and the crisper

- chamber and a drawing door provided for the crisper chamber

10. A bottom-freezer refngerator which compnses

a generally box-hke refrigerator housing including a top dlwslon and a
bottom division with an adla_batlc partition wall mterven_mg between the top and
bottom d_iviS_ions, said top division including a refrigerator chamber, a crisper
chamber positioned below the refrigeratcr chamber, and a IoW—temperature
chamber positioned above the crisper chamber and having a temperature lower
than that of the refngerator chamber above the crisper chamber said bottom
division including a freezer compartment defi ned therein,

a first cooler provided in the top division; - _ -

a first circulating fan disp'osed in the vicinity of the first cooler;

a refrigerator air passage fluid-connecting a duscharge side of the first
circulating fan to the refrigerator chamber;

a Iow-temperature air passage_ﬂund-connecting the discharge side of the

 first circulating fan to the low-temperature chamber:

a second cooler provided in the bottom division; and

a second circulating fan disposed in the vicinity of the second cooaler,
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seid refrigerator chamber, seid crisber_- chamber and said low-temperature
chamber being cooled by the first cooler_ in cooperation with the first circulating
fan, whereas said freezer com,partmeht is cooled by the second cooler in
cooperation with the second circulating fan.

11. The bottom-freezer refrigerator as claimed in Claim 10, further
comprising a cooled air supply regulator disposed on a portion of the low-
temperature air passage; '

12. The bottom-freezer refrigefator as claimed in Claim 11, wherein
the refrigerator air passage has an air passage resistance greater than that of
the low-temperature air passage ' o h |

13. The bottom-freezer refngerator as claimed in any one of Clalms 1

to5 _and'7 to 11, wherein a lower end of the first cooler is positioned a distance

of 900 to 1,500 mm above a support surface on which the refrigerator is placed
and an upper end of the second cooler is positioned a distance of 400 to 700
mm above the support surface. '

14. The bottom-freezer refrigerator as claimed in any one of Claims 1
to 5,.7 to 11 and 13, wherein assuming that the first cooler has a height e, a
width b and a depth ¢ and the second cooler has a height A, a width B and a
depth C, the first and second coolers have respective sizes that satisfy at least
the foI!owmg relation: . .

_ - A<aandC>c

15. The bottom-freezer r_efrigeratdr as claimed in any one of Claims 1
to 5, 7 to 11, 13 and 14, wherein the first circulating fan is a box fan.

16, The bottom-freezer refrigerator as claimed in Claim 15, wherein
the box fan is supported in an inclined fashion to forcibly blow a cooled air
upwardly slantwise of the refrigerator chamber. | |

17. The bottom-freezer refrigerator as claimed in any one of Claims 1

to 5 and 10, further comprising a closed refrigerating circuit including a




10

15

20

WO 99/42771 * ¢ L M s @ PCT/JP99/00683

38

compressor, a condenser, a decompressor, the first cooler, the second cooler

and a suction tube fluid-connected in the order specified above,"a by-pass

circuit ‘connecting a discharge side of the decompressor to the second cooler-
and a valving device disposed at an entrance to the by-pass circuit for switching
a coolant circuit. '

18. The bottom-freezer refrigerator as claimed' in Claim 17, further

' comprising a second decompressor di_Sposed on the by-pass circuit.

19. The bottom'-'freezer refrigerator as claimed in Claim 1 or 10,
further compnsmg a closed refrigerating circuit including a compressor a
condenser, a fi rst decompressor the first cooler, the second cooler and a
suctlon tube fluid-connected in the order specified above, a by—pass circuit
connecting a discharge side of the decompressor to the secord cooler a
second decompressor disposed on the by-pass circuit, and a valvmg device
disposed at an entrance to the by-pass circuit for switching a coolant circuit.

20. The bottom-freezer refrigerator as claimed in any one of Claims

17 to 19, whereln said valvmg device is a slwce valve which when in a closed

position, allow the coolant to flow only through the by-pass circuit.
21. The bottom-freezer refrigerator as claimed in any one of Claims
17 to 20, wherein said valving device is a self-holding valve capable of

consumlng an electric power only during a valvmg action performed thereby.



