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(54) Title: REFRIGERATOR
(57) Abstract

A bottom—freezer refrigerator comprises a generally rectan-
gular box-like refrigerator housing (79) including a top division
-(81) and a bottom division (82) with an adiabatic partition wall
(80) intervening between the top and bottom divisions. The top
division (81) has a refrigerator chamber (83), a crisper cham-
ber (84) and a low-temperature chamber (86). The bottom di-
vision (82) has a freezer compartment (92) defined therein. The
bottom-freezer refrigerator of the structure described above also -
comprises a first cooler (95) provided in the top division (81) at
a location spaced from a rear wall portion of the crisper chamber-
(84), a first circulating fan (96) disposed in the vicinity of the first
cooler (95), a second cooler (97) provided in the bottom division -
(82), and a second circulating fan (98) disposed in the vicinity
of the second cooler (97). The refrigerator chamber (83) and the
crisper chamber (84) and the low-temperature chamber (86) are
cooled by the first cooler (95) in cooperation with the first circu-
lating fan (98), whereas the freezer compartment (92) is cooled by
;he second cooler (97) in cooperation with the second circulating

an (98).
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25 with reference to the acconpanyi ng draw ngs and' particularly to Figs.

9 to 11. . Referring first to Fig. 9, the known bottomfreezer
refrigeratop,c |.ses a ' general |y rectangul ar box-1lik b/d6dsst Or
housi ng 1, {vt?e%welri or of which is ivided into a fregpzéelr%{gbﬂ% _

conpartment 2 and a refrigerator conpartnent 3 defined
above the freezer conpartnent 2 and separated therefrom by neans of an
adi abatic partition wall 4. The freezer conpartnent 2 has an engi ne chanber

5 defined therein at a | ocati on DESCRWPTIONI the refrigerator

conpartment 2 with respect to and opposite to a front door assenbly
(not shown), for 5 accomodating therein a cooler 6 and a circul ating
fan 7 for creating a forced draft of cooling air. The refrigerator

conpartment 3 has a crisper or veget ablRefrigeratorst or age chanber 9 defined
or positione - bottom thereof, and a | ow-t enper at ure
st or age chanbdgéaﬁ{yﬁ%h#!ﬁ"fﬁfor exanpl e, a chilled chanber or a .
partial dreezing chanbes | |t her ai. Ak QCAL we .o
partia) greezing chambergsieaer fiveRo isMlEd (b I FetBefliaf of B fEs Hpig &
return passagefrigerator cithparttent Sheltidinis at/édelsbi6 M6rage chamber, and a freszer

Ref erence numeral 11 represents an automatiC tenperatdure -~ controller
di sposed at acdmpartmesddefined belov thvé réfrigeratbr compatterertonpar t nent 3,

in which controller 11 there are disposed a first cooled air supply

regul ator 12 BACKGROUNBMARTDI | ing the supply of a cooled air into the
refrigerator conpartnen econd coqled air supply reﬁgl at-or.,

~for regulating the supp_fty'%bf“?%’hé‘ném3 tai"Pe_ refrigeraq(t hasha Plialty %r‘-&'ﬂitlyrse |
o oL aSeu haSimidmBgh, epRAYEoelds AABRBRGFen rpupiBRE Bk o 2

different temperature appropriate for storage 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 location below the freezer compartment, and is

15 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

20 refrigerator compartment is positioned below the refrigerator compartment 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

25 with reference to the accompanying drawings'and particularly to Figs. 9 to 11.

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

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

divided into a freezer compartment 2 and a refrigerator combanmént 3 defined



a second cool ed air discharge passage 15 for discharging the cooled air
from 20 the | owtenperature storage chanber 10, and a Segk _ﬁ;gg,gggsgd air
return wo99/427passage 16 communi cated with the first cooled alr return

passage 8. Reference numeral 17 2epresents a return port defined in
a rear wall of the | ow tenperature storage chanber 10 and
comuni cated with the second cooled air ~ return passage 16 within

the automatic t t troller 11 . Ref |
et eabove SoB e e BBt 2 it REPEratRd intgfrom By Thégns B an
t h 10 and fl ui,d- : . Wi . .
di schar g aaGbayE Pedttion wal &, c ERR sy totharfifieda Mk arpBhdiRertamber®
VO 99/ ig;@@hﬁe&fm&éﬁw Le L 1028(iBh FeaRwam SNy re?rigélfét@igwmp'anmead owiveith t he
second

cool ed ai rrééj_.;é&nt@agggga,g&gwet hion 4 herontit doat | assemplyr afnot e sbewn),olfPer
11. Reference nuneral 20 represents a di schar&% duct having a coo} ed air
di schgr ge pesdmaiod=tinguihiereincal cooler 6 landr afaincykatingdianch fgfa¢eating asfor
communi cated with the first cool ed air discharge Z]_?sage 14 5 le
The fl ow otrafbef coolirg aif r Tha r@ﬂ@%ﬁt%ﬁ%ﬁﬁ#@%ﬂ@ a 8rcr ryﬁgg}ag_

9 will be di d. A d, b he. : i : _ h
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| owt enper gy Ea@féf g%ﬁdl aRBARber Wekhed 6Mpositbnéd ehersimat aclocktioh above

di schar ge. passag € second cooled air supply regulator 13 and
the digschange cagpér $8.Réterercmhamenal 8 sepreigeats afirst ednled air réturp assg@eat or -
conpartment 3 flows through the return port; 19 and the cooled air '
defined inside the engine chamber 5. ¢
Reference npmeral 11 represents an automatic temperature
controfler disposed at a lower re'ar deep area of the refrigerator compartment 3,
in wﬁich controller 11 there are disposed a first cooled air supply regulator 12
15 for controlling the supply of a cooled air into the refriggrator compartment 3, a
second éooled air supply regulator 13 for regulating the supply of the cooled air
into the Iow-temperature storage chamber 10, a first cooled_ air discharge
_ passage 14 for discharging the c_ooled éir from the refrigerator compartment 3, -
a second cooled aif discharge passage 15 for discharging the cooled air from
20 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 retum port defined in a rear wall of the low-
température storage 'chambe_r 10 and communicated with the second cooled ai_r
return paésage 16 within the automatic temperature controller 11. Reference
25 numeral 18 represents a dischérge 'port communicated with the low-
| temperature storage chamber 10 and fluid-connected with the second cooled air
discharge bassage 15. Reference numeral 19 represents a return port defined

in a rear wall of the refrigerator compartment 3 and communicated with the




s'uppl led into the | owtenperature storage chanber 10 flows through the

return - port 17. The cooled air fromthe return port 19 and the
cooled air e 15 return port 17 are subsequently retpa1rgrbotoossshe
cool er 6 through the second cool ed,air return passage 16 and the
first cooled air return passage 8, : ?espectively. In this way, the
cooled air circulated within the refrigerator through t he vari ous
conpartnents and chanbers to cool ‘those conpartnents and ' chanbers to

respective pggesh@eBblRachiF FSTRA ?tégéé‘% 18%ithin the automﬁilc gt%lfl??%tu?’@ cBhfolier

il lustrate another prior art bo mTreezer re or. The known
bottom freezgn, r eRefepencd punisral 20hrapresants 4.didéharge duciCREWhgSE codled air
general ly rectangul ar box-like refrigerator housing 22, the interior

.of . which is dischdege iparb 2 commnyaicated withptivet refrigepatoancompéarteentr 3, and
conpartment 25 defined bel ow t he refridqe_r ator conpartnent 24 and separated

25f . ther ef FOmMMyNigtadowish %ﬂﬁﬁi%ﬁ_@ﬁmam%ﬂmageiﬁi- Th.ell o
o D crovant o TRENORER 8 bolihd B o8 ot AL TBbHHALSE Shovsan Ho.
conpart nent &4, an eshfs@ﬁ%%%qmﬁ{r copled" by $h8"cddiér ¥ i€ R81disly PalPpile By e

. 23. The refrigerator co ,
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fan 28 and 2 TraIng e TS PRELR ey et e R sarthent S i Rg P e b diea
the inside tairpdisgharge plassage 14, the firsticoblil airosuppipréguiatr 22. afl thee

ot her hand, the freezer conpartnent 25 . acconmodates- therein a
second cool efdisgbarge dhedrRD @nc in pamdof the Jowdethperature storage chamber 10
10 throu'gh the second cooled air dischafge passage 15, the second cooled air

supply regulator 13 and the discharge port 18. The cooled 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.

15 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.

20 ;  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

25 therefrom by means of an adiabatic 'partition wall 23. The refrigerator
compartnient .24 wh_ich is most frequently utilized in home' has a removable
crisper box 26 mounted inside the refrigerator compartment 24 and élidab‘ly

r_esting on the adiabatic partition walil 23. The refrigerator compartmeht 24



5 second tenperature detecting nmeans 32 for detecting the inside
t enper at ure of the refrigerator conpartment 24.

As shown in W@99/42171 t he refrigerating system enployed in the pCT/Ir99/00683
refrigerator shown in.Fig. 10 includes a conpfessor 33, a condenser 34, a
deconpressor 35, the first cooler 27 and the second cooler 30, all of which
are 10 fluid-connected in the order specified above.

Cooling of the refrigerator of the structure shown in Figs. 10 and

11 i s general | yaceommadiates thereih iav firsy wmeQOpraeﬁr%Qrmr%aldtﬁgr%?PQBSSn&% First

si gnal aro m t he te erature detecting nmeans-32 di sposed I n
freezer conpart erature de 9239"19 INRans 2R dors detadting  theeinsides eemf:)et'étﬁre of the

conpressor 33, st _and eco 5 circulating fans 28 and 31 are
256 driven to WIRRES’ cPbaRTt ok &bﬂtﬁj Otherr hand, the Tradzen compartment 25
refrigerator cogpay 4 er box 6, and the

freezer corrpartmentrhgg (t)gsct)h(ﬁra gc%e[&gg oﬁ sggPadiciicylatingfanodhiand a

therein, r®s pe%MWtemwﬁmrb%testﬁ'gﬁﬁeﬁﬁe Cooﬁ%d@ethéﬂcoﬁeetpwerature of

predeterm ned tenperature as a res
conpressor 20 theJefrigeratorwgmpdrtment24.t in response to a signal fromthe -

tenperature detecting means 32. On the other hand, when the
tenperature detected by tAe Shown in Eignyie, etherref@mrattﬁ f‘@/st@ﬁnén%ﬁ)yeﬁ in the
hi gher than a RY det e t-in tgnperature, the f

circul ating farl® fﬂrl &" 'FSF‘SOt"&t PW@QS @ compeassoni 33)i @ condenser B84 a

cool the refri when the insjide tenperature of 25
the refri gerat%co re§$%§$ g‘%@é&?%'%{?&f@t%sm@omﬁan& ak of which are
t enper at ure ﬂutd—coﬁﬁé&@H‘?Htﬁé‘o % da%&gv% detecting means 29 is [ower
than- a predeterm ned cut-o enper a the first -circulating fan

;2)r8i 1) f g; ?U?Q]E rltoe?a{tglrt Cgol(n)r;ﬁ ‘e)rn theals'efrrgerator o strtiGture 'SRbwhSRCEGR% 0 and
: 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
15 circulating fans 28 and 31 “are also driven to forcibly circulate the cooled air
'W|th|n 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
20 33 is brought to a halt in response to a signal from the temperature detecting
~ Mmeans 32. On the other hand, when the temperature detected by the
' temperature detectlng means 29 is htgher 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
25 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 pnor'..art refrigerator, a problem has been



5 found that since the cooled air is circulated through the

vari ous conpartnents and chanbers, a relatively large nunber of the
ai r passageyoofaaf-gqui red, -resulting in reduction of Ppbgyreowossm
avai l abl e capacity of the refrigerator. Al so, the refrigerating
system enpl oyed therein requires some or aI‘Li—’ of the air 5 passages to

have an increased length fromthe cooler 6 to the respective
conpartnment or chanber, resulting in reduction in cooling efficiency.

I'n addition, fdurdthdtisisée 4RsepbiRa%kIPS ircalated ﬁ%hgﬁrtﬁg%ﬁi ec&hggt}ﬁ’lents
I and cha nd 1s

cooler 6 is utilized to cool all of. the conpartnents ers _
therefore so andkshambefs;ea trottivelye lsrdeahainber Nef tHe i pussages idrer ey
to be 10 installed at a relatively high |evel, for exanple, about 9500 mm

or nore aboveresulting in redugtien tof sthef maxirsuoh axaijlaltler capacityl of the vefiigerator.
floor. This es jt difficult to renove or place food materjials .
fromor int o”ﬂ(%@. é"'?§ gEIoSr UG, System emplpyed therein requires sgmesoc ﬁ"apfl‘ﬂ’\grﬁl:' :

| evel abgve t} ol face . n The us f the si e
cool er 65t o BTSN S il Bfincrennant denglh fram thecaia 8 f%gn?rr@érﬁﬁﬁ\?e
evaporation t e f o} ol O ; a val ue '
equal to the I&gﬁ' ét av@i?f&%ﬁ%ﬁ%ﬂ{ﬁgg ofjﬂ?ﬂ%gpfg%é@g %fgﬂ%ﬁ’hept. 2

and, consequently, the ef fadetRit; Vin thet fidt-HeEErhI] éﬁbﬂ%rﬁﬁﬁ'igﬁl'étér,' {hE Shidle
Again, considering that the autonatic tenperature controller 11 I's

conmuni cat ed epoler tédsf uiifiizedr ta wnohralheftthe, compattmentst and t charabeis! (s
controller 11 is thermally conducted to the crisper chanber 9 within the

refrigerator there@re fichbulkyiip sigelthatéhe adighaticcpariion Wwali ¢t i cegsiredity be

. L. w.parti I t abl ithin the crisper
Eﬂgﬁmte??@ rfaymggaflpeo atrrgtrgl% gélﬁ m&gié\lf ,;%g?r _)érﬁ/pﬁg,eagquteésm Vn\axm ér mor@amwgpa

other hand, tggn56tA0fads SuchPss! BF eXaniit, 4 HduseHH° 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
15 chambers requires the evaporatidn temperéture of the cooler to bé designed to
a value equal to the lowest available temperatﬁre of the freezer compaftmént 2
" and, consequently, the efficiency of the refrigerating system is fimited. | |
Again, considering that the automatic temperature contrdllér 1Mis
communicated wifh the freezer compartment 2, the automatic- temperature
20  controller 11 is thermally conducted to the crisper chamber 9 within the
refrigerator compartment 3 to cool ihe crisper chambér 9 so excessively that the
food matérials, particularly veggtables, ‘within the crisper chamber 9 may be
frozen undesirably. | _ | | |
On the other hand, the second-described prior art refﬁgeratof
25 shown in Figs. 10 and 11 is effective to eliminate a possible excessive cobling
of the crisper chamber sucr'; as occurring in the refrigerator of Fig. 9 and also to
eliminate the problems associated with the reduction in capacity and _redu_ction-' )

in cooling efficiency of the refrigerating system both resulting from the use of the



25 shown in Figs. 10 and 11 is effective to elimnate a possible

excessi ve cooling of the crisper chanber such as occurring i the
refrigerat oW@®/RrYy. 9 and.-also to el im nate the probl eI/ mr99/0048at ed
with the reduction in capacity and reductign in cooling efficiency
of the refrigerating systemboth resulting fromthe use of the

6 I ncreased -l ength of the air passage. However, when it cones to
i nstal | ati on _of - the first cooler 27 at a |location rearward of the
refrigerator u@@mpaed nenathof thedair passage.opfowever, wherhit domes teldrestallation of
assenbl y, uld arise that if continued cooling of the

freezer corrpglP? [n 4/ Abgdprealipn(aarwand @f the mefrigerator compartroent 24 arichg
- f 28 b f th f t t
e havi ne. beoRRosie g 08 tbaf Brbr FS34MbNY) a problem wolsharEa TRk m”r?tmued

| 27
oy ovssi ool ySooling of the e coliiparfihehSe!iS rEGTRES 'S, spudR IS first
cri sper 8oox dfcdiaingTas 2095 Brovight'tch Fsfht éé)a 3 resyt ftﬁé‘?efri?%?éto?%hﬁdaﬂeﬂ?y

be excessively cooled by the first cooler

probl ematic 24 having beenweopted sLficidritly; aomdant still flows in the first cooler 27 and
Consi dering that the second-described prior art refrigerator has a

substanti al Hergfredhe refrigerator campartment 24 paay be)exz@ssively cosled by natural
refrigerator co 24|s Id | cont ict - with the bottom

t
hor oot haCoPeaian nBlsos 1afal s of e aispasbax 28 sispased relatvely close to

par 14190 bho ot et i b Péééﬁﬁ%%b%%%ealﬁ%ﬂvﬁﬁ ¥t CoPler dreapd this s

di stand@ bet ywiidd problériaic # derms ofve%ét%feé’ﬁéﬂtscﬂ%{i&h WO“' d therefore have
arelatively small capacity to accommo e veget abl es.

Considering that the second-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
15 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
20 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 tﬁickness or
. shifte_d in position upwardly tp accommodate the increased height of the second
25 cooler 30. if the adialbatic partition wall 23 is shifted in position upwardly, the
capacity of the refrigerator -compartrrient 24, that is frequéntly used, would be
reduced, posing a problem associated with the proportion of capacity betweeh_

the freezer compartment 25 and the refrigerator compartment 24. To observe



The freezer conpartment 25, although |ess frequently used than 20 “the
refrigerator- conpartnent 24, is required to have an increased effective
capacity. Fewobés7i eason, if design is nade to reduce the deppor/ofoonbess

second cool er 30, but to increase thz hei ght of the second cool er
30, there is the possibility that the adiabatic partition wall 23
must be reduced in thickness or ' shifted in.position upwardly to

accomodat e t he i ncreased hei ght of'the_seconq 25  cooler 30. If the
adi abati c parthe designgpriopditiorsirs bapacity betwssi tHedrofHgBRER bﬁamPBﬂmené 24 anc?
capacity of the refrigerator conpartnent 24, that is frequently used, would
be r edinectteeperscompartprent |25 wasid resulitsies eompliddtionpofatherreapstraéture of
capacity between . the freezer conpartment 25 and the refrigerator |
conpar t ment \gﬁ\_e adiabgtie pagtition wall 23, acoympanied bylincrease in cost of manufacture

7 tgﬁ!ﬁe lLgn opartion.in capacity between the refrigerator
~ conpart nent J%fﬁge;%iorpqciﬂ@gwgblieéﬁ;f BHﬂﬁhﬂ&‘ﬁt'oi‘lsmﬁbﬁﬂb t'fd rgﬂj: ':Ei i E vvakl
conplication of the rear, . I_abat i )
23,npacc§§rrpani ed by incr éggé@ﬁb%?t‘gcﬂr eﬁﬁ'%ﬂ;@bﬁ&%%_ s'been ISefto eliminate |
refrigerator tHeopy@blérhs inifstent irPthd prif aﬁl%‘dttg?ﬁ-_fﬂéégéf%fﬂpeétor and is intended
Accordi ngly, the present invention has been devise 0 erimnate T
t he probl ems: tonhpnoside i ant limppoved bottohpfreesed rREigsrate st to2Wbclife
I nt ended to provide an inproved bottomfreezer refrigerator
effective to Sifficiestly required capacities wittyaisimplifiextiaic passage sﬁumu_ré. a t
sinplified air passage struycture. - . Anot her i nportan
objrrgct of the present i %@eﬁ?ﬁ‘fdmn%t% ohiggh efthenpresent invemtionds to provide an

o0 oLl SRR et BT BB ek 4P 0B8RS Bbbinst
i's ' sienribitihg%a high cooling efficiency even though the air passage structure is
 simplified. B |

A further object of the present invention isto provide an improved
bottom-freezer refrigerator of the type referred to above, having no possibility of

15 food materials within the refrigerator compartment and the crispef chamber or -
box being cooled excess‘_iv'_eiy. | _

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 éhd particularly that of a zone of high utility in a household work.

‘20 DISCLOSURE OF THE INVENTION | |
' In order to accomplish these objects, -fh'e present invention
according to one éspect thereof provides a bottom-freezer refrigerator
cbmprises a generally .rectangular box-like refrigerator hbusing including a top
division .and a bottom division with an adiabatic partition wall intervening
25 between the top and bottom divisions. The tép division has a refrigen;ator'
chamber and a crisper chamber both defined therein, which crisper chamber is,
although not exclusively, dedicated to accommodate food materials required to

be kept crisp such as, for exarriple, vegetables. The bottom division has a



A further object of the present invention is to provide an inproved
bottomfreezer refrigerator of the type referred to above, having no
possi bi | it yws?9%8771 food materials within the refrigerator cONrAIMeEs3 and

the crisper chanber or box being co@ ed excessively.

A still further object of the present invention is to provide an

i nproved bottomfreezer refrigerator of the type referred to above, that
provi des an ease of use and particularly that of a zone of high

utility in affRAZSEIGOMPaTHPRNt gefined theseiNOSURE OF THE | NVENTI ON

In order to acconplish +he e objects, th?, resent_ invention .

according to one aspect tﬂ?}%"é&’”‘ C&Feh £etngargtar »f thecstrueture idesgeabed @bove
conprises a : LaC =] refrigerator housi i.ncl udi ng a
Lop o oBimetiskCa ok cdbieP Bovitk8,infthe. B, dviion At % ket rbasath

i nterveni ng %k feRdr WRNod t e byl Sl sl L YA S

has a refriger z?:tl gr _ Fbcrﬂgﬂbcgﬁhgﬂsg@ f:Fﬁg%’lg’rby.c%g%}r{rcggﬁlﬁ\bﬁp%éﬁée%n

t herei nS whi tihe aidinite of theufitstr codler, a sec_:ondldd&ﬁél’@lﬁrdﬁ?ieda?f'Fh‘t)és bEﬁJ)ﬁﬁ division
dedi cated to accommodate food materials required to e kept crisp’
such as, for a8daasesond sifeulatingsfanTdisposed imrthi vicinitynofrthe second cooler. The

8 freezer c rtment defined therein. _
The bottom f F%{@%F?%P?‘g&&%ﬁn 8re orispst chatmbes afeseoaled dyathe: first cooler in -
2:02 gego Pr i S @B oBefdtion: witRhe" firdt %Yr'éﬂf"a%n'gn fatnrj ewl!\grpeagl t\tl'ilesll‘rggzgrt | cgmlpgrc't?ntelh% r]is
cooled by the second cooler in cooperation with the second circulating fan.
0 - . - According to the present iﬁvehtion', the capacity of the refrigerator
can be secured by utilizing the simplified air p'assa'ge structure. - More
| specifically, no air passage that extend éompletely across the adiabétic-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
15 and, therefore, the top and bottom divisions can be independently cooled by the
' first and second coolers in cooperation with the first and second éircufating fans,
respectively, to accomplish a high'cooling efficiency. Also, since the first cooler
is installed at a location deep rearward of the'cﬁsper chamber, neither does
thermal conduction to the crisper chamber occur, but the depth of the crisper
20 chamber will not be invaded. _ | '
Preferably the crisper chamber is divided into' upper and lower
- rooms so that felat_ively heavy. and/or bulky food materials ca_n.b.e" placed in or
remqved'from the crisper charhber which is used highly frequently, at a position
_convenient to the user. The use of the a low-temperature chambef inside the
25 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. -



froma rear wall portion of the crisper chanber, a first circulating fan

di sposed in- 5 the vicinity of the first cooler, a second cool er
" provi ded i nwadwsrdaetit om di vi si on, and a second ci r cul aPCTMJPIINA683
di sposed in the vicinity of the second cooler. The refrigerator

chanmber and the crisper chanber are cooled by the first cooler in
cooperation with the first circulating fan, whereas the freezer conpart nent

S cool ed by the second cool er in cooperation with the second
circulating fan. 10 Preferably, assuming Anabthe firgt toolehtiasr 2 fieightia)\ewidthb
the capacity of the refrigerator . can be secured by utilizing the

sinplified aPRdfhdepti-cand e secondspeler has a heighiohf & ovitity B aind @ depth C,
passage that ,extend _c |l etely agcross the adiabati¢ partition wal |
e oyed 1 He: 80 Seririd £ooldrs Bave espagive siass Wl mabshiga leest ey
| ength there w‘ﬁﬁﬁr Lag of the air passage results in reduction in
resi’stance 1?“0 a (':I'%Ephﬁ'refore, the top and bottom di vi sions can be

indepengently cool ed by the - fA S apgde segond cool ers in cooperation
with the first and second circul ating fans, respectively, to

acconpl i sh a hi gh cool iThis ééafure anakes At possibleae Uk the rfirst €eld of a lean
Is installed at a | ocation deep rearward of the crisper chanber, neither

does structune sufiipirnt doisesure at dapthrof spzone lofihigh utityand also tohsedget h
of the crisper_ 20 ‘cehggber i.1 | not be invaded. ]

Preferably tBRecd speler a%@&llu?%d deightste make itigpnssibledol expand the zone of

. roons so thaﬁil%nelllt i“ifvely heavy and/or bulky food materials can be placed in
or re ‘romthe crisper chanber which is used highly '

frequepply, at a positi i i T I=Ya} N S, f%{\/a
| owt enper at ure chanbermi%r?g’t' é"t‘%g‘:‘gi}%%f‘gﬁ P&e?gﬁ%&' @%%%&fefﬁ&%@g 2 %e
above the crpresent fivartiion tortsk hidrbiliset-friendly aridBafbdriehfT LSe, i 18 PrarBatbaof
the crisper chanber is, if cooled by the first cooler I'n cobOperati.on
with the firthate loweraandgf thenfirsifdoslar iscpasitiondd: hadisiariceyofcd0Mite 4t 500 mm
any possi bl e variation.n tenperature. . '
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
15 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
20 Fig. 1 is a schematic longitudinal side sectional view of a bottom-
freezer refrigérator according to a first brefe_rred émbodiment of the present
invention, shown together with a 'refrigerating fluid circuit; '
Fig. 2 is a view similar to Fig. 1, showing the refrigerator together
- with functional blacks of a refrigeratirig system;
25 - Figs. 3 and 4 are schematic longitudinal side sectional views of
the 'bottom-freezer refrigerator according to second and third preferred
embodiments of the present invention, respecti\)ely;"

Fig. 5 is a schematic front elevational view of the bottom-freezer



9 Preferably, assuming that the first cooler has a

height a, a width b and a depth ¢ and the second cooler has™a

hei ght A, aw®eé¥$78® and a depth C, the first and secoRETJBANVES
have respective sizes that satisfy at |eagtgthe follow ng rel ation:
5 A<a andC >c Thi s

feature nakes it possible to use the first cooler of a |ean

structure sufficient to secure a depth of a zone of high utility and al so
to use the refrigeratos@cnardingtaa fotirth prefécredabmm«gmerit of thekpresenpiravention; t o
expand the zone of high utility I n addition;

in order to render the Bt tﬁ)r’rﬁf?eﬁii"éﬁma@ rlogglttedmal sidet sectional viewrafsthe

i nvention to S YR80 fri nd y and convenient to use, it is preferred
that a | ower rgﬁ'@rég#tofﬁé YRRt |l er is positioned a distance of 900 to

ol cod and an uppor end 8 T8 Eﬁgﬁ‘%ﬁgiaﬁﬁr%&%@"éﬁléﬁ oF 49 R Bip-f8ezer
di stanc of 48figeratoP AcEBRdITRPKSa iRt premifid erBodiment driké grr]?sent invention;

In any event, these and ot her features of t%e present inv I on

becone clear fromthe d&gai8 dés deschemationongitudindlesided settioblnviens off tHehe
present invention which follows with reference to the acconpanying
drawi ngs. - refrigesMPESheWBIRFIZI TN OF THE DRAW NGS 20

Fig. 1 is a schematic ILF_ongétudl nal side sectional view of a bottom
freezer refrigerator acc8rdihd & Qt!cr@?ntpﬁ‘ﬁ'f%‘#mV@%@ﬂﬁ%ﬁﬂobﬂﬁtmom'

pr esent freeE@V?éﬁ@Q%toPhovm together with a refrigerating fluid
circuit; Fig. 2 is aviewsimlar to Fig. 1, show ng

tsggt reanﬂOI gerator toget rFfié 10.is a s:‘.‘}‘lérﬁatflé’ﬂﬁ{dltﬁaﬂal R KSctinat VGl 'dr Hricthe9
prior art bottom-freezer refrigerator; and
Fig. 11 is a schematic diagrém showing the refrigerating fluid
circuit employed in the prior art refrigerator shown in Fig. 10.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
‘15 (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
recta_ngular_ 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
. 20 45hasa refri_'gerator chamber 47 defined therein and 'a_ crisper chémber 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 Sj adaptéd to selectively open and close a front
25 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



25 . Figs. 3 and 4 are schematic |ongitudi nal side sectional.
Vi ews . of . the bottomfreezer refrigerator according to second and
third preferywedozr71 enbodi ments of the present invention, rpspepdo0oessy;
Fig. 5is a schematic front el evational vi q\o( of the bottomfreezer

WD 99/ 42771 - 10

refrigerator according to a fourth preferred enbodi nent of the present

i nventi on; Fig. 6 is a schematic |ongitudinal side

sectional Vi eyefigeldter chamber 455hasd aSiashty Ef‘glfﬁ@lvﬁg dt?ot vuc'i_in the interi’og of the

Fig. 7 is a schermatic front el evational vi‘ew o

refrigerator pefrigeratog chambet 45 Intoreetorresgonding Humbér @f ré&‘hsp!l'fé% %iaé freely
i nvention;. Fig.. 8 is a schematic |ongitudinal sid

sectional vi esoptmuymicated with eacBfothefer at or shown in Fig. 7,

Fig. 9 is a schematic front elevatjonal view of the prior art bottom
freezer refrigerator; 10'he bottom division 52has a freezer sompastraent 52 defined
art bottomfree

Irg]p ?: ;g?lg? glr ﬁﬁglnsggtéso i lopve'ne}% rds' pitt@ E%tlpg @'E@ﬁ@#ﬁ i e |%g?%_,w geéer

Corri gor at o SHEREteA'dde 1, hd including &'y 3 B HadlelutS Fpseind Hart

LTS ASpan RS Wy Soana) T g oo 50 2
configured that when the drawing door 53 is pulled forwards in a dlrectton away

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

10 upwardly can be drawn out of the free_zer 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
15 refrigerating fluid circuit and installed at a location rearward of thé 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 installed deep rearward of the
20 - 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
25  towards the respéctive rooms each between the sheives 5§0. Reference
- numeral 61 represents a cooléd air refurn port defined deep réarward of the

crisper chamber 48 and communicated with the first cooler 55. |

Reference numeral 62 represents a freezer  discharge port



the first preferred enbodi nent of the present invention conprises a

general ly ‘rectangul ar box-1ike housing 43 having its interior

di vi ded by awpaslsmabatic partition wall 44 into a top dirCEIF9/0dd3and
a bottom division 46. The top division 20 2 45 has a refrigerator chanber
47 defined therein and a crisper chanber 4§ al so defined therein at
a location below the refrigerator chanber 47. The crisper: . chanber 48
shown therein is in the formof a storage contai ner 49 capabl e of

bei ng drawn fopeningridtcatie freerericompartnght 82 tarth cohffEnicatet with\the E665AG
hi ngedly supported front door 51 adapted to selectively open and close a.
front 25 ogissulating fan 158. t Kefellence pumétal 63 eeptesentse acoovlednair réfurh port
pl aced full qagp i nside the refrigerator chanmber 45 with a_space |

| eft between @efinag degp regiwandcof the freezencampadmant 92 andcammunicated with
interior wall,of the refrigerator ghanber 45 for assage . '

t her et hr ough 3?9888F'e8°3%? sksi dée?qunf'%f prgeral §4 dﬁB%ﬁQU?QS.a fefoigerator
11 | : fan. . < T | i ding
the i nteti or SmgraRrS'debiiitant witftad ot Belinble) AMnerRIYF Prakict el
nunber of rooiie FdfAgerter thariber 47 and rEfRIBNES Giingskanids rgﬁl“é%eﬁié‘%r freezer
The bottom division 52 has a freezer conpartnent 52 define 5 thereln
so as to opertemperatute detectingomeansrsuchnas]ifat ekamphy, thhﬂiélbﬂ?ﬂ:dﬁded inside
supported door 51 and including a draw ng dgor 53 adapted to close the

f ront thgfegpaey companimenh®d the freezer conpartnent 52. This draw ng

door 53 is so canfi gured that when the drawi ng door 53 is pulled
forwards in a directi on?ﬁﬁgﬁ'gemtmg h'f' %”F@p?ﬁgegqpﬁﬁs%bﬁd'%Q%%r

L Se2er8ont S ke S LRR Ul foriopHNP i ol E6ABndl o7 a':
decqmpressor 68 comprised 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 suction tube
69 are fluid-connected with each other in this order to thereby domplete a
16 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 s_éoond decompressor 71 comprised of, for example, a |
capillary tube. Refe_rence 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- |
20  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 extensively
25 towards the first cooler 55 by the action of a diff_er_ence in resistance ln 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



by and along rails (not shown). It is to be noted that the adiabatic
partition wall - 44 is installed at ‘a | evel 650 nmm above a support
surface, fowexsegphe, a floor on which the refrigerat or PCHIPHINOESA
upri ght. : ~Reference numgral 55 represents a first cooler
formng a part of a 15 refrigerating fluid circuit and installed at a

| ocation rearward of the refrigerator chanber 47 and spaced upwardly
fromthe rear wall portion of the crisper : chanber 48. Positioned

i nmredi at el y abalving devite 72tis ob al desigh icapabldef assuming/cHe 6o fifst ¥alveh eindysen
47 is a first circulating fan 56. A second cool er 57 associated with
the freezer cpogitionnpwhish the coolantiis permitad tocflowtowamds thiedirgOcoolerf 5%, caredt

conpartnment 52, and a second latng fan 58 is positioned above
the second codls&cond Vﬂeﬁe?%ﬁi@erﬁﬂﬁﬂsﬁlonsg‘ mejiel dbat coqlantfs ingemittest t%uﬂlow

Bnea0® 0L AR R el AalbF 57 fEPOGE ' Pets oietisg WHBSH reiihin

circul atgng f the. refrigerator conpartnent by way of a
5n9 1@ Lbﬁ% rgs.
es open

plurality of vent ing 25 towards the respective roons each
between the shel ves 50. ReRaringetocFig. 2, the dam*eééoﬁésrrewrﬁeﬁrﬁ accdmptessor
air return port defined deep rearward of crisper ch)gnber 48 and

communi cat ed dviiveh meanst 73;sthecfinst eircalating fan 56 is driven by a fi rﬂe‘aardrweemeans
nuneral 62 re esents a freezer discharge port

12 ang ¢irpuatingfan 88 is ﬂrl&ema secend famdrive oreans Z&tand thet h
the second 58. Reference nune 63 represents a

cooled air re‘ﬁ]Y'ﬁ’gp(gql‘{r‘geu%Et d%vﬁgrzbyn@d’a('j‘@e ORES) MERRs %% §8@s to @gsigne one of
conpar tyEgnt pg e iftC BT SRR YalVel &osxtrons RERrSTE i iS2 %7 Hpresents a

Reference nuneral 64 represents a rigerator _
refrigerator temperature control means for 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
15 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

20 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. Substantrally smuttaneously
therewrth the second fan dnve means 75 drives the second circulating fan 58.
25 If at this time the refrigerator. temperature detecting means 64 detects that the
temperature inside the refriéerator 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



5 tenperature detecting neans such as, for exanple, a therm stor

provi ded i nsi de the refrigerator chanber 47 and reference nuneral 65
represents @d4éL7Ar t enperature detecting neans such gssr/§Fb/00683
exanple, a therm stor provided inside the freezer conpartnent 52.

The refrigerating fluid circuit includes a4corrpressor 66 di sposed at 10
a bottomrear |location of the refrigerator housing 43, a condenser 67, a
first deconpressor 68 conprised of, for exanple, a-capillary tube

Flrst capi | 19055 hosition basdd o ¥ RABLERORE e refidprih 1EfbRLhs oo
second cool ghelrs@7d t he suction tube 69 are fluid-connected with
each other in this order to thereby conplete a 15 cl osed | oop of the
refrigerating fluid ci Acoordinglydashighstempenatupé cookarftigess uadei pressire from
tube 68 is ftll_\glqdérgs&nect %céi di rect'il%’ 'Wlttghéhe zecondsgool er 57 through a

by- pass SSO @9 WcPURRIeg Wte e condensenté wherethecocoglantsgass i |
for ex le,,. a .. capjl.J ara/ télbe. ﬁ%}eference nuneral 72 represents a

val vi ngé“éevi'weépemga&eét dissipated,and e Lastitanblowrtemperatureseralantimuid is
val ving devi Susgentl dekomtEked Ao Bows hftian, e st Sabfiagy it 88 1 Tha ne
formof a mpwitefiperatureetbolzpk diqiiid VankeaiRh # sk el yen
by a stepper not orpi n rrespo?lse taﬂg?l el é@?‘ﬁchPﬁ‘?/ﬁﬁﬁmgﬁyﬂF%%@?eaﬁg I8 -

el ectric powpplietytaldhe nspadndiicooles sztimm?wrther a%?eéiﬁél){ﬁ 70_since the
VWen a val ving device 72 is opened, a cool ant flows™ extensively Zg

towar ds t he VElvieg dayige:f2 spabihis timedbelddn thé sacdnd valversreciosed pesitibance i n
t he 0 cool ant _ci'lscui t,. buf, when the valving device 72 is closed, the-
cool ant® flows only Uﬂngﬁheefswetcpféhsmgg ciricuiating fao, Sehtoscreate afarcedt

LD oo R of ol b nbBesrcnaen SE567 B85S R 8 sBloneoler B 1o
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. |

15 The coolant within the second cooler 57, after héving been -
gasified, returns to the compressor 66 through the suction tube 69. In the event
that the refrigerator temperature de’teéting heans 64 then monitoring the
temperature inside the refrigérator chamber 47 at a predetermined interval |
detects that the temperature inside the refrigerator chamber 47 is higher than

20  an upper limit, for example, 3°C of the predstermiried refrigerator températuré
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. |

25 | 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-pass 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



13 val ving device 72 is of a desi gn capabl e of assum ng one of a

first-val veror open position, in which the coolant is permtted to
fl ow t owar dwd $pes2f11r st cool er 55, and a second val ve oPCTATRI9MH683
position in which the coolant is perm’tteg o flow towards the
second cool er 57 through the by-pass circui't 70 wi thout reaching 5 t he
first cooler 55. . Referring to Fig. 2, the conpressor
66 is driven by a conpressor drive nmeans 73; the first circulating

fan 56 is driowetenipreratirer ebolant Ubihgecm@'entlg_ circr:]u!aﬁég iﬁ%@”@o&liahli“ﬁiﬁﬂtng

fan 58 is driven by a second fan drive neans 7 and val vi ng

devi ce 72 i shavughethebfirsh coalerss& andrthen tvmughthessecond cooles §7e Acsordingly) -
the first and second_val ve- positions. Reference nuneral 77 represents a
ref ri ger at orduring texfinst §'f§'é|ﬁBF'9 Ifap&ghbeingrdriven, helatiexghangettakes placeria the

I nside the refrigerator nber 47 _in response to the tenperature
~detected by firgkcooler 55 torglqu 3@? i?f}g?r ioeﬂ‘&’l'éﬂ aneanled @ir which: issubsequently
Ref erence nuneral. % r ' rLeeze e rature control ns.
f or coﬁr ol %ﬁ% Héﬁpre%erggﬁ]é%@rn@%b?ﬁéﬁi ; ougs‘ftbgg@gﬁ'g?fé i H@ﬁ?a%%nggn |
response to ' ] r : '
ot oot ng meinyay TR Fefigert Vet holds 64 WERET cqal the refoBfRish Thiliber

t he struct ur47.ddher cdisidd aroseapplied into tnedeﬁk_yémtdrrbriarﬁse'rhw @thaagﬁttﬁé

in the foll owing manner. Assum ng that the freeZzer

t enper at ur e Spacechetwpenctinesstosage contairer4® withinthe lorisperehantbersls anddhe
the freezer ¢ %np’)a[tmen'g, 52 is higher than an upper limt, for
exanple, -1 %ﬁ atie-partition,wad 44 tericesl the caisper chambert 48 dndisectly, and finally

% ?ﬁmcfﬁﬂé;feﬁ%&gﬁrsitéﬁ%%ﬁ%?fﬁoﬁﬁé HiBubB g PRI 8BSt 1 |y o mul t anenusi y
horev th . . . .

58 25 11 ar thi ot oepudR R e fRilerifr 1oABSERAR RbEID Mledt® 61"
det ect s t hatsubsequently deteuTsenat mémﬁém@hﬁsmfm%ﬁé%wmbaﬁw J&S

| ower than a lower limt, for exanple, 2[err]C ofTa pre rm ne
ref ri ger at olowentieamtthe dowandimit,t for example, 2°C of theipredetsrmived Gefiiyeradr

the valving tg%\geggtuZez r;r?ggst%lén\?al\t/eh eco?:ter%? R%a\;\asl ‘}/Be cglr.lsed the valving device 72 to
16 assume the sgacond valve or closed position based on the _outpﬁt from the
_ref_rigeratof temp,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
- 20 example, -20°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 temperature 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. | |
. 25 In the bottom-freezer reffigefatbr according to the first preferred
| | embodiment of the present invehtion, since fhe freezer compartment 52 and the
refrigerator compartment including the fefrigerator chamber 47 and the crisper

chamber 48 are cooled through the separate air passages, no lengthy air
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cl osed position based on an output fromthe refrigerator tenperature

~control wo 99aeems 77. - Accordingly, a pcT/Ire9/n0sss
hi gh-t enperature cool ant gas under pressure from ‘t he ‘conpr essor
I's supplied into the condenser 67 where t ht6cool ant gas is 5 | i quefied

with heat dissipated, and the resultant |lowtenperature coolant liquidis
subsequently deconpressed as it flows through the first capillary tube 68.

h | | GLL] [ fr he_ fi. .
capi |1 ary tub SUESr 1Ne peRiral bolcflely SRR A ARl BartithPowsh s
by- pass ci r cuiequitéds andetHeh&arious comkﬁﬁhifgﬂ% dan b8 3#e&t?v@%ﬁ&3l§d :\kﬂﬁ O:HS' d

_ ring the dr

in the second valve or closed position. rve
of the seconcsiiplified i pgssage Stpucture rallowing thereftigerator to séwbta SiifficRtiyNg
ai r, heat-exchange tapes, place in the second cooler 57 to provi de”a

cool.ed air wf HVG.%Q%@ﬂi)ﬁuent ly circulated into the freezer

'conpartrgant 52 t hrough e freezer djscharge port 62 after having flown
t hrough The second cool €S0 #NCRsINE air passage is redugad irvlength ascompanied: by

second cool er eﬁﬁﬁ%‘?}é E]r? ﬁé?ﬁ%ﬁ? 18 ¥ air flow the %%H?ié?’ggg%é ¥ Qrive ?laé, gﬁcylﬁgng

conpr essor th e suction [

refrigerator faASNE 'stcy it FRAUME of: Ltard the, ..
tenperature inside t'hefféﬁ?’gﬁ'?}g? Cha%ﬁ@%%ﬁgﬁﬂgr@ggﬁgﬁrﬁb&g&tqqﬁo&s{ym
det ects t hat Adcordimghye rationdy ioan the éﬁkiérﬁ:fyrd')fgﬁﬁﬁﬁlprofctﬁérgiﬁ'be‘li?'nci'éta%d?I?ﬁé

t han 20 an upper limt, for exanple, 3[err]C of” the predetermne
refrigerat or firéhpedaseand circulatingfges S6andabsican bevassembledschmpaatt I O
the fir vai?\ée.or o%an_goslt"on by the . 7 val ve control nmeans 76 then
drivingd X he RN TRAYFICN i lenathief She A passage minimizes adoss iof heat which

refrigerator WailtAbiSe Y88l Horl b dritiors of heal as ¥ esgoncﬁeéiar{r?ﬁoa«hﬁmrough
" the air passage, accompanied by increase of the éooling efficiency.
| Moreover, ' since "the refrigerator housing is divided by the
| adiabatic partition wall 44 into the top and bottom divisions 45 and 46 each
15 equipped with the dedicated cooler and the dedicated circulatiﬁg fan, the
eyaporation temperature of the respective cooler can be designed of a value
appropriate to either the refrigerator compartment or the freezer compartment. |
More speciﬁcal_ly, with respect to the refrigerator and crisper chambers 47" and
48 in the top 'division; 45 where food materials are stored at'a tempefature
20 higher than, for example, 0°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 materiéls are
stored, to thereby avoid any- possible excessive cooling and/or dehydration.
Also, increase of the evaporation temperature is effective to enhance the |
- 25 efficiency of the refrigérating cycle (i.e., cooling capécitylcompressor power) to
| minimi}:e the co‘nsumption 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



first circulating fan 56 is driven by the first fan drive neans 74. 25
At thi's time, the |lowtenperature cool ant which has been
deconpr esse®@8%4277f | ows t hrough the first capillary tube 68 VWCTURIR/00G3

flowinto . - the by-pass circuit 70 h v.}ng'the second capillary tube 71
- providing a high : resi stance to fl ow‘and passes through the val ving

device 72, a mpjority of the : WO 99/ 42771 _

15~ | owt enper ature cool ant bei ng consequently circulated in the

cool ant ci rcvalve designetdhiooalbwt the tobRint 38K oty aRFoldIE thé NB\RHY té"r"cg'

second cool er 57. Accordingly, during theol:fﬁ'rst csf}fcu%atleEgg?arll g

bei ng dri venduringtthe aitsurgeheesafs the sefeigeratingecycle can bé debigied plexpenéive
~allow the latter to provide an cooled air which is subsequently 5
suppl i ed i nt 8SteRMPparad yathathe usgaef dor sxampleughthree-way vale foroselectively

passage 58 ... by way af the refrigerator vent holes 60 to thereby cool
the refri gerﬁ‘{Vé}FhHQ;/tF?Sé%OﬁnQ CirCuil;  The cooled air supplied into the

refrigegator chamber 47 floue Q@}%ﬁ\gwai\g"grﬂ?"ﬁﬁ S oPst e&b§3$gﬁbgrtﬁge

container 49 within the crisper

partition waklephertfofdtlo hSsurmbi SRS r%ﬁ{?ﬁ’gﬁﬁén%d %;ﬂr%egcgk&itﬂﬂg, & Uaing®

returns to the first cooler 55 throug eturn

In the eventdehige Thenaybei geiitiwidirg Bpewhich 66hKihes GriTBRYIS Hower onl
subsequent|ly detects that the tenperature inside the refrigerato chan%e¥

47 is  whendt is deiven ke assume oneriaf thé apesxand tiosed| posifiéhe antihequires
pr edet er m ned r.efri\g t-enper ature range, the valve control

means 76 cauSBdRYe Smﬁg@dMwam equired indbe naset ofe fareexariplealavealve
CLomed1Bs BER.TEF sl 8 BkBnlo8R Hcn aperod FiucSh e Yave i hei
- in one of the open and closed positions. Accordingly, the input to the valve is
reduced accompahied' by -redi_:ctibn of the electric power consumption and the
- valve will not be adversely affected by heat evolved in the valve, making it
possible to manufacture the refrigeratof at a reduced cost with no_insulation
16 required 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 erisper chamber 48 and, therefore, there is no
pqssibility that food materials such as vegetables and/or fruits having a high
20 weter,conterit that are 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 sufficiently secured,
25 permitting elongated food materials such as Chinese 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.



activated to bring the first circulating fan 56 to a halt. On the other
hand, in the event that the freezer tenperature detecting neans 65-
detects thafwr}bﬁuw tenperature inside the freezer conpar tggifpeSrdosss

| ower than a owerﬂim't, for 20 exanpl e '
freezer tenperature range, the conp- 18ressor drive neans 73 causes
the conpressor 66 to be brought to a halt based on an output from
the freezer -tenperature control neans 78 and, substantially at the

same time, the second f@@ﬁiﬂ‘é‘?ﬁ?@ﬁ?@ ttre Al king é}fcrgg {ehgcﬁo;t;@c? in this

second circulating fan

bot t om f 1 eez gmycififment bRIHY préSeRf MveptibA, t‘éﬁﬁ]éedléﬁttcéﬁ fibwihthe first cqpler 58

enbodi ment of the present i'nvention, sinc reezer conpartmen

t he r ohly whentthe refrigeratorehiamber! 40 is\@eduired ©f hé SobRIMD but it eeblaht
and the crisper chanber 48 are cool ed through the separate air

passages, nodoesgiadtyflaw through the first cooler 55.when the refrigerator chamber 47 is
16 assage qf a kind passing conpletely across the. adiabatic

partiti&n wasHifigiently cooled. In qthefwords,only when the reisgecatorchambes 47-anthe |

Vel | 1 h iioa L
211 owi ng-t he TR FAFRS GTamOe48 2t to be CHRpH it eag/ant 830 B sdpebidy passed
capacity. . | so, since the air passage is reduced in
| engt h accomﬁ)’g‘gpggtg)e/ﬁrst cooler5r_5§‘duct ion in resistance to the air flow, the

pover required to drivedcordifglys WA Hee amBient_térﬁBérétGréig‘H ﬁg.h?é rodf i ed

anount of the air can be reduced advant ageously. cordi ngly, not

only can thewbidh theerefjgerbtanis|instatiéd ishso tow that thecefriveedtorichamber 47 need

10 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 ofa Idwer 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

15 chamber .47 and/or thé crisper chahber 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. |

20 . 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

25  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 550 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

-20[err] C of the predeterm ned



first and second circulating fans 56 and 58 can be assenbl ed conpact. In
10 -addi ti-on, reduction in length of the air passage mnimzes a | oss of
heat whi ch wo9%4277woul d ot herwi se result from absorption of heraT/Jee9/ 0péss
cool ed air flow through the air paggage, acconpani ed by increase of
t he cooling efficiency. Mor eover, since the
refrigerator housing is divided by the adlabatlc partition wall 44
into the top and bottom divisions 45 and 46 each 15 ~equi pped with the

dedi cat ed coojezsl’?1 rawheréin thediserican cdrfv@hleﬁtlygﬂaéélar rérhéve food matENAB Ghd 6roN
tenperature of the respective cooler can b esi gned of a val ue

appropri at e tfromithaerispeechambeydBat@ waistpevelnent or the freezer .
compartnent. Moy e s?e0|f|call , Wth respect to the refrigerator
and crisper chanbers 47Y8hdthe freezer48=qmparlmenbp62nal A dowes mae pbotine

Gerr] Gt he reTigRAtr, Badkig Ef If of & sfesion, whefeh whencinessrawing oo 7 e
oo M%Qﬁﬁl*lﬁgﬁ%"l%bﬁ?"ﬁ% tﬁ*@dﬁlﬁl‘la%leeéoﬁ%ﬁ%% i bE eipiised to
stored, to thRselitstiOict By réﬁ@erslo? @ﬂe Vtﬁecaglal () glegﬁlbvncea{a'ﬁe

Al so, increase of the evaporation terrperatur IS effective

25 ef fi ci eoryainér t48 rAf:cogmgw tige cysBrecéh - Sleas&nty ipldce or remove food
capaci ty/ conpressor power) t © mnimze the consunption of the

el ectri c powsnaterials into or from the storagefcontaineab4iat@ pesition I6\@! witbvhig et Her
the entrance,to the first cooler 32 for switching the cool ant
circuit is eI‘Fﬂeﬁﬁedintheformof a two-way sl uice

l%y7pas 10 reU| ;/al've desy9uedchiBing' 1oy 6&?0m TN e nfglelpavtvorO nallc}/co}'ihl;lgugoh tha®
foregomg 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 accompllshmg a direct cooling by the effect of a

15 ‘natural convectlon Also, although the first cooler 55 has be_en shown as
positioned above and rearward of the crisper chamber 48, it may be installed in-
a ceiling or a side wall of the refrigerator chamber 47 and even in sueh case
similar effects can be obtained.

(Second Embodiment - Fig. 3)

20 ReferrinQ to Fig. 3 showing the bottom-freezer fefrig’erator accord-
mg to a second preferred embodlment of the present invention, reference
numeral 56a represents a first curculatlng 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. |

25 According to the second embodlment the first circulating fan 56a
can have a depth smaller than that of the conventlonal 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



during the closure thereof, the refrigerating cycle can be designed

| nexpensi ve as conpared with the use of, for exanple, a three-way.
val ve for sql@sdidyal Y switching the cooling circuit.
I'n addition, since the val ving device 72 is of a design dri ven 3{'"’2%%’30683

st epper notor to assune one of the open an0cl osed positions, the valving
device 72 may be a self-holding type which consunes an el ectric power only
when it is driven to assunme one of the open and cl osed positions and
requires

for - exanpl o, Meastdd B it trie BbaTET S o reardierionapilet theviouming, |

period in whizgBoiip@n incelsh in one of the open and closed
positions. Accordingly, ?he |en u'(tﬂ‘,'?gp?ﬁ'ey ‘'val ve i s : reduced

acconpani ed K¥hire Embbodimenit - Pi? 4) ectric power consupption and the
valve will not be adversely affected by heat evolved in the valve, naking

i t possi bl e t o Refewing taiFig.t4showing ter Mtﬁim&‘t'eé?zdr?dftlg@i'afé?%*cc&d-h
no insulatiop 15 required in.the valve.

bot t om Pr eez#19 %a#hg@me@ﬂ%embmﬂgenbof the present pwmbnﬁcéference numeral
oroad et OBP‘%J%’V TS et S euiBingi o %fatp;gg'tg,;@mzmgggmg,gs;gg,eg, |
veget abl Es A ‘f%’ﬂ.%t ‘s’eﬁ‘%& AgE Ehes i %&585 JRobstalieq cabayeL e firs
acconmodat edcmalbh 5% inha fééﬁibﬁ%cﬁﬁ@él %rﬁﬁgﬁcgo%b o tqﬁr]ere(:l?fl\é%ﬁ(iﬁg %onzo}‘ltal _

cool ed and, hence, damaged by a heat con tron to

chanber 48. planedso tthab thesicooted lair damtbe dlovim ipwardREforC Péﬂ?ﬁ
maasurg in a direction fromthe front doer"51 thgythgwerﬂeraérei wa 'orﬂ%ﬁn the

housi ngVi s refrigerater chamberidd, -t he capacity of the storage container 49 i's

sufficiently secured, 25 .permtting elongated food materials such as
BS: tp 'the "
Chi nese cabbages and/ o ceerding, tp hirg) eemmmeabafnﬂMapmenttinwentlbn

b Bl G g LT A
of ten can beonfoothedtirst cREUIARAG T8h 158 FIOWEVAP"BiRe the first circulating fan 56b is
in the form of the lean box fan and inclined 60 to 80° relative to the horizontal
15 plane, an adiabatic wall 59a forming the refrigerator"ai-r 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 _the'reby_ 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
20 - generation of noises from the first circu'latirig fa.ri' 56b can élso be reduc':ed.. in
addition, the depth of the refrigerator air 'pasSage_ 59 can advantageously be
* reduced, thereby increasing the effective capacity of the refrigeratof chamber
47.
(Fourth Embodiment - Figs. 5 and 6)
25 : 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
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Furthernore, according to the refrigerating cycl e enployed in this

embodi ment GYOP?{@”&‘( esent invention, the coolant can flow i nt oPCREPP/P0633
cool er 55 only when the refri ger at @rq chanber 47 is-required to be
cool ed, but the cool ant does not flow through the first cooler 55
when the refrigerator chanber 47 is 5 sufficiently cooled. In ot her
words, only when the refrigerator chanber 47 and the crisper chanber
48 are to beintod top divisiono8i aand enibdbions divisionv8Ry Whesksp divisiohhB8P U bhe
first cooler 55. Accordi ngly, when the anbi ent '

t enper at ur e refrigenatersehamber B3 defined thereibhandhe@ crisper pivamiper 84. Tt ahspm‘

éiafr& 'e°Wdh? %Fﬁeﬁ 'ﬁt%?efr'%fﬁ’g@whﬁlmﬁ) E‘c'ggﬁg?rﬁﬂlq’w tagﬁr@tfjfggrggéreghar{1gér 83
h h th h f

chanber 47, 219 decbithadaes thafein & AR 4GS Fofitet by, Bk B bF hawn

| oner r®gi Onforward or Péarwitd'iATd HRFEEHG? cIdSRABOS! o é 4]%0?15 t«:%gf qsﬁgﬁlﬁgg q

48 due to natural convection, there 1s no Ity
mat eri al s wi Referehoe rmrieragesa%preéé'lts a Mﬁbeﬁu@%ﬁhﬂéﬂ‘ihﬁf isSésdled to
chanber 48 will be excessively cooled. In . particular e crisper

chanber 48 hAdemperalyre dawse thaat that finsidet the fefeigerator chambero8Bafior reHiling 2
tion of the adiagbatic partition wall 44, there is no

by th t

p)c/)sm gl : |nt ;r&ﬁgl qH@"Qo?fdpﬁﬁiaé?ﬁ'eﬁzﬂﬂ {Bita 8i2) endsgefinashwithin the reﬁ';gdnator

f by . f t t 52.

The second CHRTPSLES B a BRA0MS bikdicBly =gy rtﬁ%izﬁ{spéés Gmber 84. “This low-
t h h !

Copnar 10Nt yRRrbnERERBEE, 86 ) Kas o6 20ty Shalfer R fndl & B Neihey

the second chamberc®dhnad diso hag 4 Snall! thh GHABSH the tfﬁﬁbe?%h‘éﬁﬁ)é?%@aﬁd

reduced hei ght, permtting the adiabatic partition wal abov

t hose conporfBay P& Useddicc &ccompiodatebmeatsvainelfor fishes. t Referefge numeral 87
accordingly, the bottomof the crisper chanber 48 where relatively
heavy food EPESeRtE aratorage lmntay!es t aﬁ:@@mmdaied dwithiredhet law-temperatues el

550 to 800 rgp & 85 38 MovhelPin D Qe on cfos%pt%r &nd lgm];aayc from ?#es?rotn? ‘door

15 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

20 according to the fourth embodiment of the present invention is of é casement

type including hingedly supported doors 90 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. ,

25 " The bottom division 82 has a freezer cor_npartment.92 defined

therein so as to open forwards at a location immediat'ely below the front door
assembly and including a drawing door 94 adapted .to close the front opening

Ieading_jnto the freezer compartment 92. This drawing door 94 is so conﬁgur_ed' '



present invention is effective to provide the bottomfreezer refrigerator

of a

WD 99/ 42771 PCT/JP99/0068

desi gn wheV@i9%42H& user can conveniently place or renmove food naterial s

into or
Yet, the f

fromthe crisper chanber238 at a wai st |evel.
reezer conpartnent 52 at a | ower region of the

19

refrigerator housing 43 is of a design wherein when the drawi ng door 53 is
5 pul | ed outwards the top openi Eg of the storage container 54 ¢an gg

exposed t o that when Hbeodrawing deon

| ook into
pl easant |y
cont ai ner
I n describ
f or egoi ng
.cool.ers. 55
fin-amgl-tu
enpl oyed i
a direct c
al t hough t
rearward o
or a.side
simlar ef
Referring
ing to a s
- 10

15

| “circulating fan 96 da_n “be supplied intd the low-temperature chamber 86.

20

25

e pullgd ferwards,| @ Siprage: santaiesr

t he storage

qReriias B A2 b ffawn but offhe iEare! SAPBSAMEI S8 TG LEPRe

?&*ﬂg%ﬂgypb%ﬁ%fl%ﬁgr%gézl :Ot\r/ge ri i'e?a?gr hggcor di ng Fgeﬁé 0

embodi ment  pbrdraRce MiREkal I9Y PireSentsCA GirstOtodIBE of id ﬁéffrigadatihgcond

and 57 is enployed in the formof a heat-exchanger o
bsystem dispbsée@ &t dbdationdesp trearwarhet the eefrigeraton ichambere83,

nthe formof a pl ate-type cool er capabl e of acconpli shing

owhichecdojert 9@ iscinstaliedabapvani of thedowrtempesatuse chamben|86o A first

he first cool er 55 has been shown osi t.i oned .above ,and

feicqydating fareP6 crareeatea yith thefifst gRoler, 8pder eﬁcmlat_ing an air gopled) j ng

15k oS i e, 9B e etord Wil 37 i nbth, &' SBe ™ Sooey

t ' _ ' - f L gor. bl
Q5B B IS A08p BRI R8Nk ehafi o2 dércigreraic
‘with a second circulating fan 98 positioned above the second cooler 97 for
circulating an air cooled by the second cooler 97.

Reference numeral 99 represents a first refrigerator air passage

deﬁned'.rearward of the -refrigérator chamber 83 and through which the air

cooled by the first cooler 95 can be circulated by the first circulating fan 96 into

the refrigerator chamber 83, and reference numeral 100 represents 'a second

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

Reference numeral 101 répr_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'ton_' chamber 83, and reference

numeral 102 represents a discharge port deﬁned at an outlet of the second

refrigerator' air passage 100 for introducing  the cooléd air into the low-
temperature' chamber 86. The cooled air having been circulated within the

refrigerator chamber 83 is returned through a return port 103, defined at a

location deep rearward of the refrigerator chamber 83, back to the first cool_er 95.

The temperature inside the refrigerator chamber 83 is detected by a refrige'rator
temperature detecting means 104 such as, for example, a thermistor installed

within the refrigerator chamber 83 whereas the temperature inside the freezer

I nvention, reference



nuneral 56a represents a first circulating fan of a box fan type wherein a

drive =~ - notor is installed in a center area of vanes, which fan %Sals
i nstal |l ed NYR420Te first cooler 55. 25 : ?Crlﬁgggp
to the second enbodi nent, the first circylqating fan 56a can have a

depth small er than that of the conventional propeller-type fan. The
use of the first circulating fan 56a together with the Iean first cooler 55

S effective to secure a substantial depth of the refrigerator
chanmber 47 esmpartment 92 is déleetsdiby7a freezer temperature detecting means 105
20 measured in a direction fromthe door 51 to the rear interior

wal | of thesucluesnfpr example, athemnistariiastaiod within tha-freazengrmpaftment 92.
Third Enbodi t - t ig. 4
Chowt g the bactom f1 bﬂ}eefgfwe?ﬁt@&mrc'r&esdpsak'desf?ecgr%ﬁ A 108 fisrpsed

B6a repr es ot e Bpftburres 8 iRetifling R6CR' cotierspt 107, 8rrR) BBEAMmPressor, or
motor &S ||Iap} ﬁﬁiféi‘l b@ﬁntﬂa QuElf‘dH ﬁ.f ber§68 The é es¥or 406! At ebAdésser
ed aSaB h ﬁ

i nst al rst er 55 in a lon inclined an angle |

of 60 to 80HeYr!thg ﬁ*sﬁbapmatwtdﬂb?m@rthéﬁn&lad:ooler 95, the sBcome coplehsY dnkiethe
cool ed air can be blown upwardly for circul ation within the 10

refri ger at osuctiembebe 4109 are fluid-connected wzth eaoh:omerl imgthi® arder taitnereby
enbodi mrent of the present invention scri bed above, the air cool ed
by the firsforeba dpsed leem obéhe <5¢fessr@tlr1q:ﬂu@oplrcwt A discharge end of the first

_ capillary tube 108 is fluid-connected directly with the second cooler 97 through
10 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
15 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
20 | 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
25 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



onto the first circulating fan 56b. However, since the first circul ating

fan 56b is in the formof the |ean box fan and inclined 60 to .
80[err] rel ati t he horizontal 15 pl ane, an adi abatic

form ng thea&%¥§ﬁz§rator ai r passage 59 has. a wall su??gégégﬂggthly
inclined at an angle corresponding to the2anhgle of inclination of

the box fan which is the first circulating fan 56b, to thereby m nimze a
duct resi stance. For this reason, not only can an efficient
circul ation of Ehe% ooled air [rection upward within the

in d Ct |
refri gerat or Bf M’f‘%%a%é%ni?mﬁ’e&@fﬂh 950s installed atialevel spaced a
f the fi ' ' __ ' duced. .|
addi ti on, ¢ nEreflespfitisict Heloht 1233 MB3sHerl i 4 M5Bken Siriase dn aden i,
b | : it . : _ |
r gf rigerat :‘)regg ﬁg%g?@cehu ddl?gé.re@?s_l The ﬁgﬁ{ Pﬁ@nﬁ%ﬁ%‘égtﬁb}é}%!g B%f%rr?g Iy6)'
25 within the Rahge rof r@00 a0 F1,560 ranfWhebesd e Hiigine HROtdr el §66HRI

refrigerator _ _according to a fourth preferred enbodi ment of the
pr esent 5i nvepoblen 97tispreferably within the fangeref 400:fa 7@ mahor shown t herein

e 0o oy Y it et poiebiiors 35 o o smploye b e
2 sion o RelbA-ebth AdeRd oMM Bh Sl rhlirih ol e hoant
ok o’ hor e 8 i 4RSSt s, ASHARIY ol i PR ARRLE
~a drawing st hadiag & PBight Bea WibitH Baind"a debth 8'2Mdnthe second cooler 97 is of a size
10 having a height A, a width B and a depth C, the both are designed to satisfy the
~ following relationship: | '
| ' . A<aB<bandC>c
Accordingly, the first cooler 95 is so designed in consideration of the coéling
performance as to have -th_e reduced depth ¢ and the increased height a. On
15 the other hand, since within the freezer compartment 92 itis nécesséry 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 ihe bottom rear of the housing 79, the second
20 cooler 97 is so -desigh.e'd' asto ha\)e the reduced height A.
- The operation of the bottom-freezer réfrigérator according to the |
' foudh embddimént of the present invention will now be described. |
As soon as the refrigerator temperature detecting means - 104
detects a temperature exceeding a predeterinined temperature, the first
25 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



5  forward or rearward in a direction close to or away froma front door

assenbly. : Ref erence nunmeral 86 represents a | owtenperature chanber
that is cool e 99942771 a tenperature | ower than that insidepchgpoonosss
refrigerator chanber 83 for chilling (O[err]C) or icing or parti al

freezing (0 to -3[err]C) and defined wi t hi 85t he refrigerator
chanber 83 at a |l ocation i mediately above the crisper chanber 84. This
| ow 10 t enperature chanber 86 has a capacity smaller than that of the

gé?ﬁ'gé}?{ f th
g;: :Bg; chanb’e?” 84 ‘an ur%”alﬁﬁgs?a%ié’ggéuﬁéﬂ{‘gJ‘@%ﬁﬁ%ﬁe&?{ﬂ%;b ta(rjld/E)re _
fishes. Reference nunerFhefdooled air sof Quptieahto ihéﬁgfr@@g%tﬁfor m)vern%:’htaqdn

accomobdated within the | owtenperature

a direction chedowrtempetatureychambert 38 flowsthrolg thé space dﬁlﬁﬁité& Metween the
Heat insul ati ng panels 88 and 89 are installed at a ceiling of

| ow t enper at U§ter Qgﬁi%@ﬁa"!ﬂf 85 of the Gdsper thambes Béramﬂtmﬁbadlabhtlerpbmw wal-
t enper at front door assenblé used in
o

e

the bott mfré@?@ﬁ ‘Pst'f?tj@%f%thezﬁfst c%&.‘&%&ﬁ@“ﬂ"é“ﬂ%éemfmppﬁh‘&ﬁ;o wever,of

e in in :
suppor tod doorieBohe tereRic? EpEREhe dotegind ﬁéeaaadf&“c’ie?egctg e
retrigerator Herinen th6 HpdSRriiied ALY, the Tl Ro i obis Hphofir =
chanber 84. Zalt. In this way, by thd ftﬁrdmati@t'bﬁ'tﬁesodﬁleé‘?alr‘%trﬁn ftﬁ@%‘?ﬁ%erator
conmpartnment 92 defined therein so as to open forwards at a Ion
i medi atel y ¥ambem83fanshtheldew-temperaturs sabhznibyeraB8) thec vadoug chafibuné e

door 94, adapted.to .close the front openin | eading into the freezer
corrpar t@nt p§? 'eﬁﬂ itQ T@SRRFIYP Predetermined; gemeﬁratgmsted 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 aiso be cooled by' |
. thermal conduction from the low-temperature chamber 86.

On the other hand, when the refrigerator tempe_ratu_re detecting

15 means 105 deteots 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

20 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

| 25 freezer'comp_artment 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



that when the drawi ng door 94 is pulled forwards, a storage container 93
openi ng upwardly can be drawn out of the freezer conpartnent 52 having been
gui ded by awlymdomg rails (not shown). Reff GT/#990683
nunmeral 95 represents a first cooler of a,refrigerating 5 system

di sposed at a | ocation deep rearward of tﬁg refrigerator chanber 83,

which cooler 95 is installed rearward of the | owtenperature chanber 86. A
first circulating fan 96 cooperates with the first cooler 95 for
circul ati ng mfrigeratercdiamber preset@mbé@tﬁ&ef_St cool er 95. Reference nuneral
97 represents a second cool er di sposed at a | ocation deep rearward
of the freezer chanber A82aaedultoapeoalant g3 of arvhigh ternpefdtdre iuntler a iHigh
fan 98 positioned above the second cool er 97 for circulating an air
cool ed by t H¥essuEnhis surplied foom the compressor 106 into thre condensem 0% aind dise

oA R ol i S oo B e
7,70 AR 0 Tl B i B Bk o .
o1 ger Cornai pasnRRsp YR chrbdih 981 Sl BTG ERIIDY el

chanber 86. then guiddttewadsdneweeoat chdlergpr esents a plurality of vent
hol es defined at desired positions in communication with the first.
refrigerator air passa§inced farceddraft of @ininduced pytthe secohddirgulating fant$s
refrigerator, cha and refer?nce numeral 102 represents a

83
di scharge pdPtS4M 'gaéﬁ ta? s&ﬁ"ﬂ@tmeﬁ)ﬁ?t ﬂle giscpassing throughdhei spaandocoaler
Chanbor® 6. Shds i€ | 1% fifarsb@hBhoB, with e socend ooaier, 97 and & then' ©
i . e _ b .
5 | 0P ont | PHBE Ao he Fed e Sdpibartient 82 18 &t Hd iBRrby Coripalined 2. B °

first cool era predetermined freeZer t@mpatatiee i Nsi de the refrigerator chanber 83
I's detected by a refrigerator ) tenperature detecting neans 104 such
as, for exanple, a thelhesasianthvithin dde second cboler re7 His, aétbr i rgeving deen

chanber 83 wher, ads the tenperature inside the freezer :
gasified, returned to the compressor 106 through the suction tube 109. If,

15 however, the refrigerator temperature detecting means 104 mohitoring 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
20 in which the second capillary tube 111 poses a relatively high resistance to the
flow thereof, but flows in most proporti.ons into the coolant circuit where the
coolant pa_s'si.ng through the valving device 112 is decdmpressed by the first -
capillary tube 108 and then flows into the ‘second cooler 97 through the first
"cooler 95. Accordingly, since the forced draft of air induced by the first
25 circulatin_g fan 96 is suppli_ed through the ﬁrét cooler 95,. the air flowing through
the first cooler 95 is cooled by the heat-exchange with the first cooler 95 énd the
refrigerator chamber 47 is consequently cooled. | |

In the event that the refrigerator temperature detecting means 104



23 ' conpartment 92 is detected by a freezer tenperature detecting
nmeans 105 - such as, for exanple, a thermstor installed wthin the

freezer conpaotssmpriz;92. The refrigerating fddi hEoui t
i ncl udes a conpressor 106 di sposed at_ the bottomrear o#dﬁﬁggﬁg‘&’g#‘ng
79, a condenser 107, a first deconpressor &7 5 capillary tube 108 and a
suction tube 109. The conpressor 106, the condenser 107, the first
capillary tube 108, the first cooler 95, the second cooler 97 and the

ti tub | | ' ot.h i_n.thi t
Chereby - GOIBCH 8 toiifcratitp 164ef thih e 1o el chamut Rreset tembsrature,
di sch cthef valviagf device 112 i ht | | ol ted.
d: fgc? Ir 3evv|e'? h t hve segon% cool e2rlsQ%r@t&EPE)t(g%welg%d%i}%%b%ﬁﬁgﬁgp%%?L@at'ng

including a 80086 igebrayghtsooa hait.caPnl tha vitieroBaAdlif the fr éZBfftsﬁ\?é?EtUre
nuneral 112 represents a val ving device disposed at an outlet of t

first conden<teEdNg maansd e 8 temperatureriowet tharethd freérer dompatment
circuit 5110. set Thi s tvaI vhnqg device 112 is disposed in an engi ne room

defi ned ut siFf8Seh temperature, o gempressor 3p6dsalfaiught 40 athalb @ndoaboatithef

the h [ TQh ) ¢ e SR .th 106. Th | vi
devi cguilggms%'%gt'g‘ﬁ%%%ﬁd c:rmﬁéﬁﬁé%r\x/ggfuﬁstbogt?r%ﬁiggrgmlbf f1ui \d/a. e
passages or an- el ect r onagréimabb egj&rcﬁbgg sincg ,sthWEt‘é’%Ype\fglu\fﬁa%rsss

preferably enployed in the formo notor-driv

two-way sl ui d® conled byf the fiystecodlec 98 hading Qﬂn%ﬁbréﬁéﬁﬁ‘éh\k{a&jhg{]rﬁ)%&me%

response to an electrical input and consunes a ectric po
a 20 val viciRFenéeitbn teamerature tohwhitly the stored food materials ard'obidd’ | Ay

devi ce1#12 i?mc?a bl e of.assunln one of a first valve or open
posi tion, i P YRR 4R rakyren ainge Idghyteatiano wand advaatdgecsisly be

| g??'cﬁlr t :95 by stiBpréddeC ! FoF trils PoLScH, WiSage of faw fos %%tcier?altshseuc%og; ?#éatfslalﬁwidd'
- fishes which are qualitatively sensitiye to storage enVirdnments can 'be well
ma_naged. In addition, a diversity of température zones including those inside
the refrigerator chamber 83 and the crisper chamber 84 can be obtained with a
15 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
20  present invention, the first cooler 95 is installed at a level spabed a
| predetermined height H1 witﬁin the fange_ of 900 to 1,506 mm as measured
from the su.pport surface to a bottom end 95a of the first cooler 95, whéfeas 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 to a topend -
25 - 97aof the second cooler 97. Accordingly, most of .the cooling coniponent 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.



nd val ve or closed position in which the coolant can flow only 25
?E?oﬁgﬁefﬁe by-pass circuit 1?0 towards the second cooler 97 by way-of the
second capi IW%/421TBe 111 havi ng bypassed the first cool er 95. PCT/JP99/00683
The first cooler 95 is installed at a Ieve?aspaced a predeterm ned . ]
hei ght Hl as neasured fromthe support surface to a bottomend 95a of the

[ 24
first o
cool er 95, whereas the second cooler 97 is installed at a | evel spaced a

' i H2Ireadditionp assummirggrthdtahs Yp t
578 of the secand cool e 7. The hel ot i foe T RcyoIeh DSIE R sBe i S
preferably ‘e nh avﬁt“ﬂ‘i’ﬁ’]‘bﬁ@draaﬁgaﬂbc apkithesetohdCovlerdr [afsa 528 R E
H2 for the s ogler, 97 is preferably within the range of 40
700 nm Helht A" wicth Ba”"e%éﬁpma ke bioth; arexdesignediid satisfyethe f&ﬂbr\]mnd
97 enpl oyed ip bottomfreezer refrigerator according to the
four?ﬁ e%bodlggﬁpﬁg?' f he present “invention is of a fin-and-tube

: havi ng a
t Ag&sum ng that the first cool
hgloght a, a vmgdth b and a depth c g(nd 'he se%ﬁﬁ?cé’ol er 97 is of a size 10

having a hei dyecordinglyyitie iirst coslep S%eiat §o Geslighedas o Hafe i gﬂ’tgﬂe} depth ¢

satisfy the follow ng rel ati onshi p:

A < a, B <b Hn thatof the secapdocableg|gy, pérm.&ingsthecsa@r’ngéﬁa% rich ?‘,;C ecleol

der ation of fhe.coolin erformance as t ave t e re
lzlgptc ﬁnil aﬁcrj RYS ﬁ%?& v FRpafiy at |e@$t10% Increased as compared with that in the

conventional refngerator and also a highly utilized crisper chamber 84 to have . |
10 - an effective capaclty at least 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 partltion wall 80 positioned at a
level about 600 mm above the support surface utilization of the zone of high
- utilization can be mcreased _ .

15 . 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.

20 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

| '25' only by the effect of the forced draft of cooled air produced by the first
- circulating fan 96, but also by a thermal conductaon from the first cooler 96
installed rearward of the tow-temperature chamber 96. The low-temperature

chamber 96 suffices to have a relatively small required capacity and, therefore,



15 the other hand, since within-the freezer conpartment 92 it is
necessary for the second circulating fan 98 and the second cool er
97 to be i neOapkaId1 at a position | ower than an under sirCT&EeY/BB83 of

t he adi abatic partition wall 80 and si nceﬁ evaporation tray 114
and the conpressor 106 have to be install within the engi ne room
113 defined at the bottomrear of the housing 79, the second 20 cool er
97 is so designed as to have the reduced hei ght A ' The

operation of atshace@andre secad for dhstaBaticn of tHEfirdt @bBﬁartQB f¥ftward of thd R:W
enbodi ment of the present invention will now be descri bed

As soon as tlemperatirgshamben 88per at ure det ecti ng neans 104 - det ect s

a tenperature exceedi n&_ pr edet er m ned terrgerature the first 25
circulating fan 96 stalhe lﬂ-’e%os Aiwarinsulatingipaneis B8damy Shdisposed aboveer
95 is fan 96 into the

| i |
refrigerat ora@ﬁiﬁ%‘#’%g%ﬂ’r& er a%tarem gﬁ'@%}ggl‘%@ﬁ%\’e ae rmm%&fb@@?

oot 8" 06812 i 60k LA i et SRBIESr o e
25  cridpir! GiEMBE 82 AU teRfSdTareManBtelBht Ur RSN BHAfba0BY

102. he cool'ed alr so s
chanber 83 aamd the low-temperdtare chamberiss ﬁ)rféb’ﬁaﬁﬁhogéhﬁ%% pbhéﬂ#ﬂ@stmch

space delimted between the st orage: cont ai ner crisper
chanber 84 alemd: te bedadvensely @ffected by \helat can be accomplished in a stabilized
fashion. In addition, the Iow-temperature chamber 86 can be cooled to a lower
10 temperature suitable for partial freeziné at about -3°C, thereby providing a
freedom of storage of food materials.

Considering that the refrigérator 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
15 convenient than the use of the single hinedly supported door, in that opening
of either one of the casement doors 80 and 91 is sufficient to remove food
material 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
20 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,

25 - 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



5 80 and then returns to the first cooler 95 through the return port
103. However, when the refrigerator tenperature detecting neans
104 detectg a fenperature | ower then the predeterm nadrymbaoessst he
first circuPatlng fan 96 is brought to a halt. In this way, by the
circulation of the cooled air within the3Qfrigerator chanber 83
and.the | owtenperature chanber 86, the various chanbers are 10 cool ed
to respective predeterm ned tenperatures. In addition to the crisper

et 1§ ger at ofSducsd By SR cRPUBAT N 108 ARy e s B SR BRE AR, 18 canybe,
Chanbor g6, Saustéd to suit to! I EerePOriia BhapbRfich" Rrputt FERCLFHE st |

t enper at ur e dgleRCt5NEnd the sedBRdScddler &Ft etieelsy ebAIpNEHing anglmoreased a

predeterm ned tenperature, the ' second circulating fan 98 is brought
i nt o oper at fiedonh of alesigipcheitebyAlsee the valving devioed 142 cdaer b installed @il a ed
by the second circulating fan 98 into the refrigerator conpartnent

92. |1f & he letatiogewithinr the: epging team dtt& endnoutsidenthe refrigeratingsarea of the

et o < olfaer68 bl o6 HosheeBospaed ol 4 Sy
repeating . t.his,. ¢ .t he f &4 ger at-or conpartnment 92 is cooledto
t he predet eARifthGm ,°d"ﬁ¥8¢'§':nﬁ9§r Zt{ﬂeﬁfeé)l L Herei nafter, the

refrigerating cycle Withe DSottsinSrddyet- rémﬁﬁ';%ﬁg accordin(gif fzcgegeﬁftﬁ Prafsredr e

detecting neans 105 detects a tenperature r than freezer

conpar t Ment epilsSdimerk B tied Upresehhdnventioreds 0shdd® ins Fiis. vEnandb®uin front
the sane tinme, the second circulating fan 108 is driven. At this tine, .the

valvir  elevatonat and sitle sedtignal representatiopedrespectivalys i n t he event that

the refrigerator ten'?erat re detec i,r}? ans 104 de’t%;ts'?
tenperature | ower tharRgfe , the bottom-freezer refrigerator shown

rring to Figs. 7 and
therein 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
16 650 mm spaced above the support surface such as the floor on which the
. refrigerator stands upright. The tdp division 117 has é refrigerator chamber 119
provided with a hing_edly supported door 120 for selectively opening and closing
a front opening leading into the refrigeratbr chamber 119. The top division 117
also has a crisper chamber 122 defined below the ref_rigerator chamber 119 and
20 provided with a drawing door 122 at a front opening théreof indep'endent of the
refrigerator chamber 119 and including a storagé container 123 that can be
drawn into 6r out of the crisper chamber 121 togethér with the drawing door 122.
Reference numeral 124 represents a low-temperature chémber disbosed at a
lower region of the refrigerator chamber 119 and above the crisper chamber
25 121 for storiﬁg 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 first cooler of a refrigerating
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refri-gerat or chanber preset. tenperature. . As a result,
a cool ant gw® ®fa2zrihi gh t enperature under .a high pr ess BEE/IPP/00683
supplied fromthe conpressor 106 into th ondenser 107, and the

cool ant |iquefied by the condenser 107 with heat dissipated flows into the
by- 5 pass passage 110. The cool ant flow ng through the by-pass passage
110 is t hen deconpressed as it flows through the second capillary

tube 111 andsystem disposddiatia [oation déépﬁ*e@'ﬁwé&ﬁoﬁ%oéﬁkrfé?%ﬁfh&?-121g8A first

Since a forced draft of air induced by the second circulating fan

i s supplied dirculdtingsfanoh28 iopositioféd ablovedhe firsscooigr 1R6a@ryh codperateaowith
cooler 10 97 is cool edgbé/ t he heat-exchange with the second cool er 97
and is then the first eeQlpri 126 ifRf cifqdating: e raic wasied nientthe2firss coeler t 126.
freezer co rinment 92 to a _predeterm ped freezer tenperature.
The cool anpp'\s;\l? ence AumeralolaP E%%Pﬁgmé'ﬁ F%_‘,’o")é] eeoler disnosedata location deep

15 e dedr D bEle fapogtobnnt. 128 sl Gabberebli Mibie S5obh rirkhiERen
h 9 . . _

:ere}per at ur etfﬁi ghgb%'QOh%Fﬁgxégﬁ?g?%ggr at !)ér?r.1cﬁa%er cpr e'sng[eé{t?egﬁlr';%r z'a% ng

t he val vi ng tHe\secend tdoler 129. ~brought into the open position and the

first circulating fan 96 is al so driven. As a result,
the cool ant will rarel Reference mumerak189y-rppessents alfirst tdffigafator airrpassage

F1'ow ther eofdaNgd Teapward oribel riRGBiaton GAaMBRr 3 18h @b rasoncWichi s o
(1,10 o SR oy R oo S i e R S 26
g‘r)g:c er o?7ait ?ﬁ%cﬂee?‘?%%’ Eﬁéct}alnrl%?r 119U refarereRIMERA! 152 ppS&ertd S bRLced
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
15 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. The cooled air having been circulated within the refrigerator chamber 119
| 20 s returned through a return port 135 back to the first cooler 127. The
temperature inside the refrigerator chamber 119 is detected by a refrigerator
temperatﬁre detecting means 136 such as, for example, a thermistor instélled
within the refrigerator chamber 119: the temperature inside the Iow-temperatqre
chamber 124 is detected by a low-tefnperature detecting means 137 such as,
25 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.



.25 circulating fan 96 is supplied through the first cooler 95, the air

fl owi ng through the first cooler 95 is cool ed by the heat-exchange
with the fipst er 95 and the refrigerator chanber '
consequentlyocg(?g"lgg;d. In the event that tﬁ:{'/ﬁwwoosss
refrigerator tenperature detecting nmeans 3@4. PCT/ JP99/ 00683
27 detects a tenperature |ower than the refrigerator chanber
preset tenperature,’ t he val ving device 112 is brought to the

cl osed position and-th&first circul an 56 is brought to a

t] f
halt. On the other hantRef@rENCRNYME e+£§é'ﬁifﬁ§s§m§ @ cooled air suppht regiyjator

preset tanper 20 ereinfB sioed 54 o ko Sl Rpdsa ol i e ot the
sane tine thwwﬁéfﬂggéﬁ}ﬁhbg éthF'% is also brought to a halt. '

As herei nabove descri , slnce ‘oWt enper at ure chanber 86 S
cool ed by the first coQher réffigbraton@irapassags 181 98 do°Herigtied as’ & Haveechy
close to the tenperature to which the stored food materials are cool ed, any
10 pBssi berosssseciionehsunfacecarea swilicient talprmlige achigher resistadca ihan thatdhy
be suppressed. For this reason, storage of raw food materials such -
as neats andthe low-tempershiye %P@Fﬁ%ﬁ%"%@al itatively sensitive to storage

oot oA e e et i AR e loh-ESbbi e Bt S
83 and 1N ChhiPABly BBERIHRA. ° Shodfy R Fehffbriich tefstature®bdiickinh Hedht
136 detect a temperature higher than a.predetermined temperature, the first
10 circulating fan 128 is brdug_ht int6 operéﬁgn._- If at this timé the IoW-teﬁ\peratﬁre
detecting means ;1'37 detects a temperature higher than a predetermined
tempera_ture, a flap of the the'rmo-d'amp_e;' 139 is held in an opeﬁ position and, |
accordingly, the air cooled by the first cooler 127 is supplied into the refrigerator
chamber 119 and the low-temperature chamber 124. Since the iow-
15 temperature air passage 132 has a low resistance in the air passage, a greater
. amount of the cobled air flows into the lOw—tempe_rafure air passage 132 than in
the refrigerator air passage 131 and, aé a result thereof, the low-temperature
chamber 124 is cooled quicker than the refrigeratbr chamber 119. |
Thereafter, when the low-temperature detecting means 137
20 detects the temperaturé lower than the predetemined temperature, the ﬂap of
the thermo-damber 139 is brought in a closed position. Since at this time the
amount of the cooled aif suppﬁed to the refrigerator 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
25 refrigerator air passage 131 and is then supplied into _6nly the refrigerator
| chamber 119. With passage of time, the refﬁgerator 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



result of investigation to determne how refrigerators are
ﬁzeg i-ﬁ househol ds, itghas been found that the refrigerators are nost
utilized in WoO9942771a zone distant above the support surface, ipcg/gpod/ivess
floor within the range of 600 to 1,000 mm Accordingly, in the
practice of the fourth embodi ment of the present invention, the
first cooler 95 is installed at a | evel spaced a predet erm ned
hei ght HL within the range of 900 to 1,500 mm as measured fromthe

support surf acktahbee. P18 iz nd RRAtehpbRRF ISHarfiol 92481 ‘é@@ﬁﬁrﬁ:@%ﬂh{?tﬁe

second cooler 97 is installed at a Ievel spaced a pre ete
Wi thin respective peeddteriihadterperatures. neasured from the support
surface to a top end 25 -  -97a of the second cooler 97. Accordingly, npst

i nif tamblent temperature arcurd lthd mifrigerafrels SRACHe
ggothg goggbng o bove. m which level falls within

ort surf ace
the zone of H¥ ﬁﬁﬁf hﬁuﬁ ﬁe"tﬂ?é?BFB rhamber t24is required to be cznoldxb will

' ' to handl e
A bdmé AihdrInBh WbE'fo Wit file Ietinatator Stber $%9 is required to be

In addition, gsoedi Butt B@én tie this" %g‘éOOé.ﬁ&eg h%@%ﬁ"ﬁr °t)7°‘? %\é]lc ”g @rlezéow- |

hei ght a, awdthbandadepthcan t he 'sec

havi ng a temperatueé ghianfberal 24 rﬁéet&oaé‘da@e%%teg‘thahfﬁ?e Bt of SR PaFd
to satisfy the followng rel ationshi
A <a, B <bandhe>refrigerator chamber 119 due to’ the air passage resistance, the low-
temperature chamber 124 is quickly cooled without the refrigerator chamber
10 119 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
15 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
26 124 can be controlled to a predetermlned temperature range noththstandlng
change in balahce 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-
25 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



Accordingly, the first cooler 95 is so designed as to have the smaller
depth c than that of the second cooler 97, permtting the ’
refrigerat %oQQﬂWFr 83 to have an effectlve capaci t Yp&i/ypodangss 10% -
i ncreased as conpared with that in the conventional refrigerator
and also a highly utilized crisper chanber 34 to have 10 an effective
capacity at least 5% increased as conpared with that in the

conventional refrigerator. On the other hand, since t he second cool er 97

wall 80 posi t PG ob peiiov8'roBa MaftyiafS iid BFahloh b Hiishier HhBterh 1 Witk Ro
surface, util ?é@ﬁ't%noﬁﬁn e fropR ok 1P for the ref ei%or' %iﬁéﬁnﬁ Or §78. %ﬁ ince

i ncreased. I'n addition, wth e Crisper ¢

84 and the | othe cnsﬁer chairbepet 24 wisich herwmy &ierbohédltecaé&ﬁnmadhte rélﬁﬂ@el?f
hi gh utilization e crisper chanmber 84 bel ow the | owtenperature

chanber has abulk}cfom:ls mataealghcam de used by deawing thee storage idontaiher 428 atha

| owtenperature chanber 86 above the crisper. chanber 84, which may -
have a r®l ati vesgﬂoshaene@élpsa!eweywnhh&e usedacwalsn@bgve thEp suppesy swface the

desi gni ng, tho ch nber an ar weII | anced_rel ative tao
overal | confi §&NEE o?c 'npe ?l@@r ?ﬁéh?ep'ﬁs&d a‘f‘M?”tEQP is |

store . Qﬁ([bﬁ Oe%y é’brﬁle%@éf( tﬁt{l 5N msmner : Al so,

since the first coo r’earward of the |ow

tenperature chanber 96, jaid ﬁy\’bteeﬁ&%a&w’t‘ih Coofagd eha??s%gba' gevgod?ft e

25 only by the effect of the forced dra alr produce
first. refrigerator iohanitler 969, tha cnisper tnhamﬁérerlzml amnﬁuqbwqerﬁdemwee
first cooler 96 - installed: rearmerd of ‘the l.owtenperature chamber

- 96. The1Pow t shpmberui24 can be dnstelied 8t & |ocations deephasarwardebhithe etrisper |
smal | requi red an aC' I151 a{}; petrrr#?tr ?r‘;é’ rgepth of the refrigerator chamber 119 to be
effectively utilized, or at a location de'ep rearward of the refrigera_tor chamber
119 and the Iow-temperafure chamber 124 to permit the crisper chamber 121 to
have an increased depth to permit the chamber 121 to accommodate an
15 mcreased amount of vegetables and/or fruits. _

Although the present invention has been described |n connectnon
with the preferred embodiments thereof with reference to the acoompanymg
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

20 included within the scope of the present invention as defined by the appehded

claims, unless they depart therefrom.

25



WD 99/ 42771 ) 29 a space
can be secured for installation of the first cooler 95 rearward of the | ow

t enper at ur e WMesha77196. The use of the heatpcTISRHALESIY
panel s 88 and 89 di sposed above anB®el ow the | owtenperature _
chanber 86 is effective to mnimze influence 5 whi ch woutd-be-brought——

about by heat on the refri.gerator chanber 83 and the _ ' f
84, and tenperature managenent of the cric?p Ir ﬁhanbe_r 84 ,Mﬂg@‘"ﬁ T”III
| owt enper at ure chanber 86 for accommdat"rfSM_ e perishabl es lccht w s«
tend to be adyersely aff b E@é”rt accomplished in a stabilized
fashion. In addition, tlgs{)@%fnﬁgﬁperaqeﬁ?@e%ﬁ%(%ﬁ%WﬁS% cooled to a

| oner 10 tenper abugénérdily BYsElike reRRjerhf) \E?ﬁg? i " dividi

t hereby providing a 9 yf reedom of@st orégﬁedo ggﬁaﬁﬁr@%@sa&%“ %nd a

Consi deri ng t battomhdivisidry withr ar adiabatgﬁpédtManwmbwéﬁ/énmq Betwiéer 11¥'top, and
door assenbly consequently increased in size, the use of the casenent ‘doors

90 and 92 suchodemi givisiens,osaich tepcdivision including jr esfeigrator aHanstveri anaPEEe
15 conveni ent tha&ﬁtBe m of I%he si ngl.e hingedly supported door, in
that opening Snsper chiampef gth defingd (thereins @mghn saith dottop divisicpu including a -
sufficient t eV ; rial fromthe refrigerator with a
possi bl e escgf[gérrent&o'{.'ﬁ)?'g@e%gﬁgﬂgg}tﬁe_rem’ m nim zed. Al so, since the
crisper chanber 84;a3pgt ¢duh G i anber 86 are arranged
i nsi de the refrigerator ch?u’rgigﬁr\;| gg ﬁ!ﬂ?ﬁ% P%Vbsé?ﬁﬁggalggg{'on 59ﬁ°ﬂ3€ré’"éﬁ rear
appeal i ng deswgh pbetigrniofthe dr chiahbdrng the user to.feel frowned
by the weight and bul kiness of the refrigerator. :
Furtherf®re, accoraffing dirsulating fahrdisposed irgtheyvitinityafithe fiesti godidl: S
enbodi ment of the present invention, the-coolant does not flow through the
first second cooler 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
15 - 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
20 | comprising a low-temperature chamber inside the refrigerator chamber, said
low-temperature chamber having a temperature lower than that in the
refrigerator chamber and being cooled by the first cooler in cooperation with the-
first circulating fan. | ' '
4. | The bottom-freezer refrigerator as claimed in Claim 3, wherein the
25 low-temperature chamber is defined above the crisper chamber and has a
capacity smaller than that of the crisper chamber. | |
5. The bottom-freezer re‘frigerator' as claimed in Claim 3 or 4,

whelfein the first cooler is installed at a location deep rearward of the low-



cool er 95 when the refrigerator chanber 83 do not require cooling and, 25
therefore, the refrigerator chamber 83, the crisper chamber 84 and the |ow

t enperat ure ;53 186 can be properly controlled in tenperat
bei ng excessi ve% cool ed. ‘Al so, since the valving device 112 :"g&éfyg%%@g% on

a hi gh pressure side of the refrig@6ating cycte—Tespecti-ve—amount s

(r)fedﬁzzgzsg;et he first capillary tube 108 and the seconHIMH"l"“llHﬂmuul111

can be ted to U|t to the correspondl ng evapor aty om s
temeraturestwp%@uﬁ?@m cooler 95 and the second cool er 97,

.th b | hi . f d f desi .choi . A ),
the valving Govi ce. 9?za'g‘a“"n‘q@‘é&?ﬁfg%%ﬁ'é&f%ﬂ?'éf%?53%”3'3'%@5' Glaith 4 6f 5. futher
engi ne room gdmpridthg'd hede lﬁwaﬂﬁér é}?éla&ibﬁgeéd SR 9 ﬂc}‘between Jhe crisper

refrigerator housing and can easi | e asse

servici ng. . chambef Fafd hthEl”riimmtafmpieratLFe géharﬁbéﬁchrﬁi) at a cemng of the low-
The bottom freezer refrigerator according to a fifth preferre

enbodi nBnt otemnerqur@smmberventuon is shown in Figs. 7 and 8 in front 10

el evati onal nd S|de s tional representations, respectively.
Referring to F| gs. egbottara-franaes refrigesater as@axrrw i any onhewf Claims 1

ntert or divf dédfﬁs(}egﬁﬂﬁ[a’?%hiq% SRS 450y A e bt ST © o S?Xl fon' 117
81 S bt Aot A
such as the ébmpr;sn@ a\/eaﬁém‘ehthoor assembly provnded in the top dwrsnon |
10 o ' "“The bottcm-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
_15 bottom division with an adla_batxc partition wall intervening between the top and
bottom d_iviS_ions, said top division including a refrigera’c_or 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
20 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;
25 a Iow-temperature air passage_ﬂuid-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,



refrigerator stands upright. The to [ a refrigerator
chanber 119 provided with a m"uﬂﬂym”ﬂmu door 120 for _

sel ecti velwoepesirng and cl osi ng * 7§ ttont obheding | eadiBfgFIEPB803R e
refrigerator chanber 119. The top divi si:g? 117 .- also has a crisper
chanber 122 defined bel ow the refrigerat chanber 119 and 20 provided
wth a draw ng door 122 at a front opening thereof independent of the
refrigerator chanber 119 and including a storage container 123 that can be
drawn into 'd%friﬁérétbﬁ cHanfs! sHi@n&espet28hamper land Wdid fowstemnpevatgredoor
122. ef erefice numeral 124 represents a | owtenperature chamber

di sposed atcljamber beirigotsvled &y the firkt toeler & cogpertion wita thes first ircalatingoove
the crisper chanber 2 121 for storing neats.and/or fishes at a )

t enper at ur efdmwehetdasn saldafreezer ompartment is qosled Jay 4hersagonshepoler 1in
The bottom division 118 has a freezer conpartnent 126 defi ned
therein.  cooperation with the secoRg_f"érrcé’Fﬁ;@ GReral 127 represents a first
cool er _of a_refrigerating - (S .

52 5% M304 o o JBoREt-reeas RS ST &6 corimed s CRlL 10 futher
chanber 121 i Ny [ 23 Al [ im

first cool eFo'?QE'gg‘,\#d acS%%lgga{téts%% rggulfa?é} 3%?35???@? é(:ool er ?ggﬂ?oidw‘ _
ci reul at i noygfp@aturePsir passagd.he first cool er 126. Ref erence nurmeral
129 represents a second cool er disposed at. a | ocation deep 5 rearward
of the free3@r chanbeThE2botiom-foerrer reffigeratarnas: claimeddirc Claim 44 wherein
fan 130 positioned above the second cooler 129 for circulatin n gjr

cool ed by the refrigaeator ais RASS38Ld1as| an air passage resistance grea f_tgg@ﬁbgt of

numeral. 131 represents first refrigerator air passage
10 the low-temperature air passage.™

13. The bottom-freezer refrigerator as claimed in any one of Claims 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
ahd an upper end of the second cooler is positioned a distance of 400 to 700
15  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 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 satisfy at least
20  the following relation: |
_ A<aandC>c
15. The bottom-freezer refrigerator 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
25 ~ 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



defined rearward of the r 119 and through which the air

10 - cool ed by the first Iﬂﬂﬁ Innllllﬂum circulated by the first.

circul ati ng Wan9/422 tnto tthe®drefriygerator chamber 119, @gﬁgﬁkﬁggnce
nuneral 132 repr esents a |l ow tenperature air passage throug

the air fromthe first circulating fan 12838 can be supplied into the

| ow-t enper ature chanber 124. Reference nuneral 133 represents a
plurality of vent holes defined at desired positions in 15 conmmruni cation

with the firsdom r duci ng .t he

cooled air into ?ﬁgs?'gf?}:gg?g?%errp?ﬁa% illﬁ%o : m? ﬁé?é?oa‘ﬁ‘g thﬁrﬁﬁcﬁf‘dlglplef

represents aafids@hsuctiorptube driid-eeAnattedNir? e etErﬁ % ft}é{ﬁ"qtb% er ahfec‘ass
coo

chanber ai r passage 132 for introducing

| ow t enper at mlr@uummctmg a discharge Side obthecdesbinp Pé%d?gtobﬁﬁ” kabief.
wi thin the rg‘q@ @tor chanber 119 20 © is returned through a return port
135 back t.o ing:gRYiee disposetiat an entrance tp theabypassiaitclft fob Switching

'refrlger t or is detected by a refrigerator t enper atur €
detecting man@%{@ﬁ for exarrpl e, a thermstor installed
w thin the rqgrigerator 1e ratur i nsj de the
| ow-t enperat ure T?%gﬁ?)hlé‘ég?gﬁ 5%{ "'-?'B'lﬁd( Mﬁ&ﬂ utéd further
detecting maeomp]:i&‘yh 48BcaRd dé2ompré rm stor. installed
¢ harber %g %ﬁlgeed °‘?”I‘$ é”? Arityr e i nsi de

within the | owtenperature ¢

the freezer 3d8npart menfrhi2GottemEfbesse do efafor €8¢ € t t
detecting me? a 138 such_as, for exanpl emga thérﬁ%s%'glrmleﬁs (ﬁg@ﬁ fof ew

within the f C@@ﬁﬂémmlqm refrigerating circtf® #9¢1ddirgl a com essor a
32 Reference nuneral 139 represents a cool ePJ

suppl y | Degul SPAgenser, a firsiodecampressor.cihe dirst codlero the secdrat fmoﬂa&n’ﬁﬁd)a
di sposed on &L'Ftﬂldi‘fi?fuﬁg flitfconnected in the order specified above, a by-pass circuit

connecting a discharge side of the decompressor to the secord coolér, a
second decompressor disposed on the by-pass circuit, and a \ialving device
disposed at an entrance to the by-pass circuit for switching a coolant circuit.
| 16 20. The bottom-freezer refrigerator as claimed in any one of Claims
17 to 19, where:n 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

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



| ow-t enperature air passage 132. ~ The refrigerator air

passage 131°'is so designed as to have'a 5  cross-sectional surface area
sufficient tNOPPEYT7de a hi gher resistance than that in PRE/IPIS/00683

| ow-tenperature air passage 132. ' _ The manner in which the
| ow-t enper ature chanber 124 is cool ed - Wl now be described. Should

the refrigerator tenperature detecting means 136 detect a

t enperature higher than a predeterm ned tenpgrature, the first 10
circulating fan 128 is brought into operation. If at this tine the

| ow-t enper at ure detecting nmeans 137 detects a tenperature higher
than a predeterm ned tenperature, a flap of the therno-danper 139 is
hel d in an open position and, ~accordingly, the air cooled by the
first cooler 127 is supplied into the refrigerator - . chanmber 119 and
the | owtenperature chanber 124. Since the low 15 tenperature air
passage 132 has a low resistance in the air passage, a greater

anount of the cooledfai(gé?cvﬁ into the | owtenperature air passage 132
than in ‘the refr fator air pa§§§?e 131 and, as a result thereof,
the | owtenperature - chanb%é(§24 *s?cool ed qui cker than the
refrigerator chanber 1109. . Thereafter, when the

| owt enper at-ure det ecti ngs : t he tenperature | ower
than the predeterm @l t 6 t he t her no-danper

139 is brought in a chNQs pasitioh. Si nce gt ] t he anount
of the cooled air suppli tb the re\N geratjo anber 119 is small, it has
not yet been COOlﬁg% f ieh ' sure of the flap of the
thermo- -~ da _ the air coo\ed fiTgs%cooler 127 fl ows
only through the 25 r Kperat or air\pasga Al is then supplied
into only the refrigerat : i th age time, the
refrigerator tenpeaa%gLe tecting ang113 cts t enperature
| ower than the pre rnf4ed} t enper me- : o_bffgg t first _
circulating fan 128 to a:ﬁal.. lathis way |t r i/ger g&or _
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33 chanmber 119 and the | owtenperature chanber
‘controlled to the
I f the anbi eppobRsAIerature around the refrigerator is |ow,
extent to which the | owtenperature chanber
wil | 5
Is required to be

of cooling of the | ow .
greater than the anount of cooling of

due to the air .passage resistance, the | ow
I's quickly cooled without the refrigerator chanber
not cooled to a tenperature at which food naterlal
refrigerator chanber 119 mould be frozen.

ot her hand, even when tZg 2 of cooling of the
chanber 119 is increase

of leowtmmmauuechwmm
closing of the front doo ala

cool ed, but even in this case,

10
within the

the refrigerator chanber

124 are
respective predeterm ned tenperatures.

( oW, thepcr/aposnoess
124 is required to be cooled

becone hi gher than that to which the refrigerator chanber

119

si nce the anount
tenperatur%/ghanber 124 is set to a val ue
‘the refrigerator chanber

t enper at ure chanber
119 consequently

119
124

On the

refrigerator
ably to a val ue greater than that

124 as aresult of selective opening and 15

119 can be cool ed

Wwith the flap o,}"““"“”"’“’“”' 39 hel 4R the cl d position-
and, therefore, e is no possibifl ”‘ at the lowxrenperature
charrber 124 may be cool 9; . excessi vl ‘4 §ﬂ1 /
Accordingly, the tenpéer§urp inside the Lg .nber 20 124
can be controlled to a d=term ned t enpe®a aﬂ j andi ng
change in bal ance betwe,f the respective arfo .ﬁ" of punh bV de | he chanbers
119 and 124 whi ch woul des;lt fromthe inffl ;v §]§ought about bydhe
anbi ent tenperat ur e andr hemen/ /OQi Ng of 1'gﬂ_e_ front
door, t hereby makiing}it possﬁ[ﬂ’e t 0 ¢prope ﬂ%éfv ger k€or having
the | ow :5 ﬁﬂ
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25 tenperature chanber 124 having a high capability of preserving the

peri shabl es: On the other hand, since in the fifth
enbodi nent &¥O #MRTPr esent i nvention shown in Figs. 7 angc$Jrednees3
crisper chanber 121 includes the draw ng door 122 independent of
that for the refrigerator chanber 119, the user can
34 pl ace or renove food nateriabﬁgénto or fromthe crisper chanber
121 with no need to open the front or 120 for the refrigerator
chanmber 119. Al so, since the crisper chanber 121 which is very often
used to accommodate relatively bul ky food materials can be used by
drawi ng the storage container 123 at a 5 position generally level with
the user's wai st above the support surface, the refrigerator
according to the fifth enbodi nent of the present invention is
advant ageousl y conveni ent @ o Sxe. It is to be noted
that the first cooler 1290)hd¥>i d2d to cool tCR refrigerator
chanber 119, the crisper ®ha and the Iomﬂ?enp ture 10 chanber
124 can be inst | eep _rearward lof t crisper
chanber 121 to v B 0 : be
effectively util - - eep _ Rt efir i &dr at or
chanber 9 ang thef | owfit enfler atPre cha NS mi e
crisper chanber N21 t aveflan i gicr gase ' chanber
121 to accommodgje angls Jlgr eaged ugglof et ajj es ruits.
Although'théqbr ent §nvenfi hasjjbeen§ descf i- n cf@pnection
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with the preferred embodi nents thereof wth reference to the acconpanyi ng
drawings, it is to be noted that various changes and nodifications are .
apparent to hose skilled in the art. Such changes and | f] j ons
are to be uﬁﬁgﬁg%ggg as 20 i ncluded within the scope of th é%ﬁ?gj

I nvention as defined by the appended cl ai ms, unl ess they depart

t herefrom 25 PCT/ JP99/ 00683 o

35 ' - - 4/9 CLAIMS 1. A
bottom freezer .refrigerator which conprises: a generally
box-like refrigerator housing including a top division and a bott om
division with an adiabatic partition wall intervening between the top and

5 bottom di visions, said top division including a refrigerator chanber
and a crisper chanber both defined therein, and said bottom
division including a freezer conpartnent defined therein,

a first cooler provided in the top division at a |ocation spaced froma
rear wal | portion of the crisper chanber; , - -
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10 a first circulating fan disposed in the vicinity of the first
cool er; ' a second cooler provided in the bottom division; and
a second ci rwolvasimy fan di sposed in the vicinity of the seconecToriomnsss
-said.refrigerator chanber and sai d crisper chanber being cooled by the

first . cooler in cooperation with the first circulating fan, whereas
said freezer 15 conpartnent is cool ed i%/ the second cooler in
cooperation with the second ci rcul ?ng fan. 2. The
bottom freezer refrigerator as clainmed in Caim1, wherein the

crisper. chanber is divided into upper and | ower roons. 3.

The bottomfreezer refrigerator as clainmed in daim1l or 2, further 20
conprising a | ow tenperature chanber inside the refrigerator chanber, said
| owt enper at ure chanber having a tenperature |lower than that in the
refrigerator chanber_and being cooled by the first cooler in cooperation
with the flrgblgmdtlngfan ' 4, The
bottomfreezer refrigerator as claimed in CGaim3, wherein the 25

| ow-t enper ature chanber is defined above the crisper chanber and has a

capacity smaller than that of the cri speg hanber .. 5. The
bottomfreezer. refrigerator as clainmed i aim3 or 4, wherein the
first cooler isinstalled at a |ocati deep rearward of the | ow
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tenper at ure chanber. 6. The bottomfreezer refrigerator as

claimed in daim4 or 5, further conprising a heat insulating pane
di sposed in tween the crisper ' chanber and t he
IOMFtenperaeg?e C Zﬁber and at a ceiling of the | ow éﬂ%?g?ﬂ?%p
chanber . 7. The bottomfreezer refrlgerator as claimed in
any one.of Cains 1 _ to 6, further conprising a drawi ng door in the
bott om di vi si on. 8. TheGlW@& t om freezer refrigerator as
claimed in Aaim?7, further conpr|S|ng a casenent door assenbly
provided in the top division. 10 9. o The bottom freezer
refrigerator as clainmed in Claim7 or 8, further conprising a door
used far..each of the refrigerator chanber and the crisper . chanber,
and a draw ng door provided for the crisper chanber. - 10. A
bottomfreezer refrigerator which conprises: a generally

- box-like refrigerator housing including a top division and a 15 bottom
division with an adiabatic partition wall. intervening between the top and

bot't om di vi si ons, said ngIQ?V gPon including a refrigerator chanber, a

crisper chanber posiTtioned bel ow the refrigerator chanber, and a

| owt enper at ure chanber p03|t|on? bove 1 crisper chanber and

;lmwngatmmmaunelmmr" t han -t ;oft ef ri gerat-or- chanber -

¢ above the crisper chanber, said botton1%9; = divL;?;n including a freezer
compartnment defined theferTs & +—eeql er provided in the

top division; ifsposed in the

~vicinity of the first c ator ai r passage

- fluid-connecting a di scha ﬁgalatlng fan to

- the refrigerator chanbe}; passage .
fl ui d-connecting the di circulating fan to

ol er provided'in the

the | owtenperature cha
~ bottom division; and g ¥P8li sposed in the
132

vicinity of the $EBond
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37 said refrigerator chanber, said crisper chanber and said

| ow-t enperat ure chanber being cooled by the first cooler _in

cooper ati YOM4217x he first circul ating fan, whereas FHIGFPTRWSY,
conpartnent is cool ed by the second cooler in cooperation with the
second circulating fan. 5 11. _ - The bottomfreezer refrigerator
as clainmed in Caim210, further . -pygpri sing a cooled air supply

regul at or di sposed on a portion of the | ow tenperature air passage.
12. The bottomfreezer refrigerator as clained in Caim1ll, wherein
the refrigerator air passage has an air passage resistance greater than
that of 10 the | owtenperature air passage. 13. The
bottom freezer refrigerator as clainmed in any one of Clainms 1. to 5
and 7 to 11, wherein a |lower end of the first cooler is positioned a

di st ance of 900 to 1,500 nm above a support surface on which the
refrigerator is placed and an upper end of the second cooler is

posi ti oned a#s%yce' f 400 to 700 15 nm above the support surface.

14. e tofffreezer refri.ger%or as1c Lmed in any one of Clains’

1 to5 7 to 11 and 1315,herei‘|11 sum ng t the first cooler has a
hei ght a, a wdth b d a deptlf ¢ and e second cool er has a hei ght
A a wdth B and a _ £ colﬁhave
respective sizes that|qati sty at ast e rTig relation:
A<aand C>c 15. - The bottomf y refa’ erator as
clainmed in any e of 1 "to 5, 71to < J , Wherein the
~first circul at‘i Tarpil$ a box — : “§ The bottomfreezer
refrigerator as claingdq|in Caim15, wherein 25 ke\Jbox fan is supported
in an inclined fashiof rcibly blow a cool eda B
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upwardly slantwi se of the refrigerator chanber. 17. The
bottomfreezer refrigerator as clainmed in any one of Cains 1 - tob
and 10, fur&ﬂ;&mﬁgﬂprising a closed refrigerating circuit inclguageBaess
38 . conpressor, a condenser, a deconpressor, the first cooler,

t he second cool er and a suction tube fluid-connected in the order
speci fied above, a by-pass ' circuit connecting a discharge side of
t he deconpressor to the second cooler, 8/9 and a val vi ng device

di sposed at an entrance to the by-pass circuit for swtching 5 a
coolant circuit. 18. The bottomfreezer refrigerator as
claimed in daim1l17, further conprising a second deconpressor

di sposed on the by-pass circuit. 19. . The bottomfreezer
refrigerator as clained in Cdaim1l or 10, further conprising a
closed refrigerating circuit including a conpressor, a 10 condenser, a
first deconpressor, the first cooler, the second cooler and a

suction tube fluid-connected in the order specified above, a by-pass
circuit connfctd g ali scharge side of the deconpressor to the
second cool er, a second deconpressor di sposed on the by-pass
circuit, and a val ving device di sposed at an entrance to the.
by-pass circuit for switching a coolant ciycuit. 15 . 20. .. The
bottOn}freezer'refri%erator TS oEEEE ey Ol ai B o
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17 to 19, wherein said valving device is a sluice valve which when in a

cl osed - position, allow the coolant to:-flow only through the by-pass
circuit. WO994Z171 The bottom freezer refrigerator aPCVEPNES} n
any one of C ains 17 to 20, wherein said valving device is a

sel f-hol di ng val ve capabl e of 20 consum ng an electric power only during
a valving action perforned thereby. 9/9 '
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