;] "e3e3a3"<X6:; T: 2 TOR AND REFRI GERATOR BACKGROUND OF THE | NVENTI ON
FIELD OF TH \“\Wﬁ“ Wﬁ F E B 2003 The present invention relateg 4REpypyg3
evaporat or f erating a fluid to be refrigerated (for exanple,

wat er, brine, an@®®@He |ike) by carrying out heat exchange of the fluid to
be refrigerated and to a refrigerant, and relates to a refrigerator

provi ded wi sh the evaporator. DESCRI PRl ON OF RELATED ART In a | arge

structure such as a building, for exanple, water refrigerat e;,ll"lmf’
refrigerator is circul at gYAPORATDR RIND REFRIGBRGEORI n t he st MMWI/H@IW”/
heat exchange with air is carried out in individual spaces in orqgﬁrlm

perform cooling. An enbodi nent of an evaporator provided in a refri éerator

is showmn in Fig. 9. The f 1) i provi di ng pl ural
heat -transfer pipes 2 fobifq%@ﬁmpmggggﬁgﬁa}gyl i ndrical container 1
into which a refrigerant is introduced, which are provided zigzaged in a

bundl e. The heat-transfer pipes 2 are divided into two kind of pipe groups
whi ch aFIELBUORAME REYENTIQNSf er pi pes connecting to an inlet 3 for cold

wat er and backward heat -transfer  pipe nect.i R N L t 4 for cold
wat er. Col d eé?reﬁelnﬁvge?t??nfr@&fﬁstt‘ﬁ@?Fﬁlpé’%?oé?&olj?ﬂ%gfagngﬁt@% {Oﬁfeows t hr ough
t he outpapiddrii@Pdfof &ARDIE waliri8ie2and the like)\g3icarryinB atbiesat nBhngdwiMbe i N Fi g.
9), returngsé to the vvaﬂ?er chanber, flows through the backward heat-transfer

pi pes Zidteibe refrigeraed and o tefrigesanty aad rdaiepio aisfripermearovided withdhest ep, col d
wat er i a eg{oirger ated by heat-exchanging with the refrigerant introduced in
the contarfier 1 and as a result, the refrigerant boils and vaporizes. Since
plural heat-transfer pipes are used in a bundle in the conventi onal

evaporator, the boiling refrigerant forns bubbles around the heat-transfer
pi pes PRV REFIGN @ﬁé‘lﬁe‘%@]} At in the container and the bubbles are

around the hqg%qsﬂ'géeé&ﬁﬁreehaﬁés PEQMAE GorQ¥EhpleNRatePiR o 28 bY haNST er pi pes

until the bubbles“reach to the surface of the refrigerant. As a result, the
rest ofrefrigerataafis cigerlated throwghahiping arrengedan kierstructurerandthebteexshdrige ovithnait y
supplied ar.oandt t he .hﬁaatl-transfer pgdpeesfo r%vilded at the upper part in the
cont ai neFAITFHORAPIdiAnp! sppges in, ofder IO CORNE. s hat the heat -t ransf er

pi pes provi deth @nboditheht¢f s@@NESdTatof ploviiel imnaltefri feaster 1sahewn i Eigal
conductivity than that of the heat-transfer pipes, provided around them

14 F ETéeze%lse@tcm MR RRYT A g Rl aeﬂfér RIPES gmr figwing soldpwaie
problem, ;2 ﬂix?drf@apéoxﬂﬁﬁeﬂri%ﬁ?\%ich BY Rkt is Sntt RBED WSS ADpRVARAr at or havi ng
hi gh t her conductivity, yielding an inprovenment i n which renmaining the
bubbl egigzegersin abyundtsi | iTing hestetransfer pipes A ate dividedhinte by kindeof pipeigeddpg sur f ace

10Uy 09 B AR ok RS RRRER 1 bR B ggPRlly 1
evapor aesrtransfer pipes connecting to an outlet 4 for cold water.  Cold water flows in from the

inlet 3 for cold water, flows through the outward heat-transfer pipes 2 into a water chamber

(not shown in Fig. 9), returns to the water chamber, flows through the backward heat-transfer

pipes 2, and flows out from the outlet 4 for cold water. In this step, cold water is

refrigerated by heat-exchanging with the refrigerant introduced in the container 1 and as a

result, the refrigerant boils and vaporizes.

Since plural heat-transfer pipes are used in a bundle in the conventional evaporator,
the boiling refrigerant forms bubbles around the heat-transfer pipes provided at the lower
part in the container and the bubbles are around the heat-transfer pipes provided over the
lower heat-transfer pipes unti] the bubbles reach to the surface of the refrigerant. Asa
result, the rest of the refrigerant, which is not boiling, cannot be sufficiently supplied around
the heat-transfer pipes provided at the upper part in the container. In particular, there is a

problem in that the heat-transfer pipes provided around the center of the bundle have Jower

thermal conductivity than that of the heat-transfer pipes provided around them.



To achi eve the above aim an evaporator and a refrigerator having the
follow ng structure are adopted. That is, the present invention provides an
evaporator fox refrigerating a fluid to be refrigerated and vapori zi hg FEB 2003
refrigerant by carrying out heat exchange between the fluid and the
refrigerant, conprising plural heat-transfer pipes, in which the fluid
flows, provided in a container into ich the refrigerant is introduced,
wherein the heat-transfer pipes are di'vided into plural pipe groups and the
pi pe groups are provided with an interval between adjacent pipe groups. In
this evaporator, since the heat-transfer pipes are divided into plural pipe
groups and the pipe gr o BRNERSAINMARYEOF THE INVENGION s bet ween adj acent

pi pe groups, bubbl es geperated around t heat -t r ansf er pi pes, positioned at
| ower posi ti olr‘i’;ll%lf‘ Of‘]l?é ag‘?‘f?ér@ﬁ%p@ @B‘rﬁqﬁ%m?f?é“ WF?%SECEP%U&’? Phe
inter va&falpBﬁRase@gpinggﬁp@gﬁgfgap b&?dugﬁﬂl&g?ieldﬁ%dan]ﬁgqlpfo\feﬁﬁﬂ{ o wiilR ritifahgs around

t he heat-tran crease to eve of the heat transfer
coef f i cihevubblEsifdrined bpbeiling ihecrefrigemnpinpbe gortaipe quicklypswiace sdtheattdeingnt er val s

bet ween adj acent pi pe.grou en the liquid refrigerant.introduced in the

cont ai n%rP“JF‘;jl @‘ﬁé‘?atﬁ S@gpwgﬁgﬁfm&%wnﬁ%’fwmRaovgﬂeerae@ 14CTAlIBAVIIE  of the

liquid ﬁl’%ﬁ]@i)&ﬁ@a&%?im, %ﬁ@id@@%ﬂﬁﬁ@&%&n@{m&! pes is pronoted to inprove the
oefficre

heat transfer cC t. . Furtherndbre, in the above evaporator, the
plural pipe dfoahievenle doveriniadedaponatar zidgaaligeeaterdraningrihe fedlogdng ai ner. | n

th t which the Liquid refri t.is int dinto the |
bart of SUSBTE B PHER aRR e P B DT PR Fa S P GiBa out from the.
upper pREigepdtinghen @ Bd Reigerdtb®ard \Fh%ﬂzihﬁﬁ réfEpEramtbyl @AM gt it héew upward in

the container. Then, the pipe groups are harizontally arranged in a zigzag
pat t er reXchangedeaveep sheaflwd and the raBiggrant samprisiag pluzd thegfftrangter pipgsiin

refrigepai ¢ nﬁuiﬁ%w@?&%ﬁﬁ%@ﬂ?; Entdth %@Hgiv%i REPLRferht i% G he heat
transfer coefficrent.” Furthernore, in the above evadporator, the’pipe groups
may conphérsia tbphex-tiansfehpipds are ddided intB ph@8lPife groephwritthe pipePt@ps prepes ar e
removed. I,géhe eva ora}or, singe the space is provided in the pipe groups,
bubbl ePTP¥4Fd Pl 2p Cla PrtweradiacsRt RPO&NEPLasi |y come to the surface. .
Therefore, bufhhigeviiss, Sack AddedthtmBRl bRedBeafifdd tepiheRbipk Lrigker pi pes
positioned around the center of the pipe groups prevent a fall in"the heat
t r ansf eanddbepipe grans are previdedhwithintervalsbetesn ediagrst atngeroupsebubbles- t r ansf er

: . h . . . _ t As
febor 1 e Pglsd sibrt BE R BBl BesdERIcRH) P LA RLOEARME o o
i nt r odwoiean thd surfabethemagghahaiméryals betoeen hdjadeaapipt peonps,and ps pessulty thear r anged

in a zi attern, the refrigerant easily fl i.n.the pipe groups and
cont actb%gﬁf H@“Pﬁ&ﬁﬁ }%fa}'g?l?sﬁedé?lgq‘?tde%fﬁﬁsettﬂBr%f@%ftfg]\l{\lfs’gmﬁlg?t tﬁ’?‘ﬁé% i s pronot ed
t o i npre¥fficidae heat transfer coefficient. Furthernore, in the above
evaporator, the pipe groups nmay be horizontally divided and the

heat - t r ansf e usihgeRorgrsiRgedbripipe rqups ajsi pevidedowivk inder vels betyynse adjeespt|  axe not
nore deg Vi - Al provi ded
' he Fpca b REG L MR il ANARhiRh HaRodeRs HORSHE L ER, ©

heat - t fhvesfearilyi plesa psalyicdeidct of thdlequid pefrigerentand die hdaetranyferpipevel are not
nore densel arranged t&an t he_heat -transfer pipes provided in the pipe

gr oups Pa?fn?‘ﬁ@t?m V¢ thedeat tgnsfer foffIFI8RY gener at ed around the heat-transfer

pi pes of the miREmYOURThPBIVE ERPRE He 'hl%?ﬁ‘é Bapd bé PRVRRALARNET,
pass through the pi Se groups pog‘ﬁ%i oned g)?mt he u%pe? ’Sg’ﬁt gf Vt he cont ai ner,
bubbl egigrag patjernamthetcontainer.sur f ace t hrough the interval s between adj acent
heat -transfer_pi pes_of, the pi L QUPS...The present inveniion provides to a
rofri ger at or iRy MnRish InCh Ry Ferriadbndt FRGbecG e NP AT oo

ref ri gehcddhindthnd ARdfeliidenght Fapdfzed GeNaRdd Rt foal theupPerdit JTeRE caxgih@nge
between the fluid and the refrigerant, conprising plural heat-transfer

pi pes ithe liiid refrigerant tands tp flowsumyasd inidg cprfaiier o fthghnibe pipstesoupsiach t he
refriger 8, L ntr ced, r f onpr.essi £ ref.ri ger ant
vapor | JeA Ry PAGEEF S P SRR RIACEY P T RAEATIE: LR ng e
refri ggigeitreGREPAR 88@the }ﬁé‘ldtr&'}ﬂfe@;pﬁﬁ!@&s pomealdve irhprove 8a¥Rf 8aRlry the
refrigerant liquefied at a step for flowing the refrigerant liquefied in
the evapeffigieot.. In the refrigerator, the heat transfer coefficient of the
heat -transfe ipes in_the,evaporator j.s inproved, and as a result, heat
exchange coe;:f‘lﬁb?r e’ilgsl?erﬁp%?/g@ orlag%rl, g’l’eé)ll ,grpqpsﬁgwggﬁgamgpghnqhs set
to a low level, performances at the sane | evel as that of a conventi onal
refrigerator, particularly, with respect to the refrigeration coefficient,
is



14 F E B 2003 4 obtained. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
schematic view of the first enbodi nent of an evaporator according to the
present invention. Fig. 2 is a cross-sectional view taken along Iind 4 REB 2003
of the evaporator shown in Fig. 1. Fig. 3 is a view of an arrangenent of
heat -transfer pipes in the evaporator showmn in Fig. 1. Fig. 4 is a
cross-sectional view taken along linedl-11 of the second enbodi nent of the
evaporator shown in Fig. 1. Fig. 5 is™a cross-sectional view taken al ong

line I'l ehme e, bilet dreGoggiqrent . of the evaporator shown in Fig;. 1. Fig.
6:is a crec})ls?s-éergt f%ﬂjaeF \?i ew taken along line Il-11 of the fourth enbodi nent

of the evapor hithe eedpovator sinéd e sface ks grovided & the pipegsowpsciibblealrearitlew t aken

along line Il-11 of the fifth enbodi nent of _the_ev rator. shown in Fig. 1.
Fig. 8 faiter of thegipe soBpLeRIHY ¢raaibe AW CﬁerT@%@a‘?ﬁgﬁ?lewﬁwﬁge%%gwat or

the. evapaiiapcesiihneat ualisfr SHERERREH Aot KoM o e of 8
convent prenéait aewih jrothahedt tpnefel cexdfidienta
_ Furthermore, in the evaporator, the heat-transfer pipes in all the pipe groups may be
provided in a zigzag pattern.

As described above, the liquid refrigerant flows in the container after introduction.
In the evaporator, since the heat-transfer pipes are arranged in a zigzag pattern, the
refrigerant easily flows in the pipe groups and contact of the liquid refrigerant and the
heat-transfer pipes is promoted to improve the heat transfer coefficient.

Furthermore, in the above evaporator, the pipe groups may be horizontally divided
and the heat-transfer pipes provided.in the pipe groups on the upper level are not more
densely (more loosely) arranged than the heat-transfer pipes provided in the pipe groups on
the lower level.

In the evaporator, since the heat-transfer pipes provided in the pipe groups on the
upper level are not more densely arranged than the heat-transfer pipes provided in the pipe
groups on the lower level, when bubbles generated around the heat-transfer pipes of the pipe
groups positioned at the lower part of the container, pass through the pipe groups positioned
at the upper part of the container, bubbles easily come to the surface through the intervals
between adjacent heat-transfer pipes of the pipe groups.

The present invention provides to a refrigerator comprising: an evaporator for
refrigerating a fluid to be refrigerated and vaporizing a refrigerant by carrying out heat
exchange between the fluid and the refrigerant, comprising plural heat-transfer pipes in
which the fluid flows provided in a container into which the refrigerant is introduced, a
compressor for compressing the refrigerant vaporized in the evaporator, a condenser for
condensing and liquefying the refrigerant compressed, and an expansion valve for
decompressing the refrigerant liquefied at a step for flowing the refrigerant liquefied in the
evaporator.

In the refrigerator, the heat transfer coefficient of the heat-transfer pipes in the
evaporator is improved, and as a result, heat exchange coefficient is improved. Therefore,

if energy consumption is set to a low level, performances at the same level as that of a

conventional refrigerator, particularly, with respect to the refrigeration coefficient, is



refrigerator. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The first enbodi nent of
an evaporator and a refrigerator according to the present invention wll be
explained with reference to Figs. 1 to 3. A schematic structure of 14hEEB 2008
refrigerator of the present invention is shown in Fig. 1. The refrlgerator
in Fig. 1 conprises a condenser 10 which condenses and |iquefies
refrigerant by carrying out heat exchgnge bet ween cooling water and a
gaseous refrigerant, an expansion valVve 11 for deconpressing the

refrige gnt &ondensed an evaporator 12 for refrigerating cold water by
carryin% B0t heat exchange between cold water (a material to be
refrigerated) and the refrlgerant condensed, and for vaporizing the

refrigerant, and a 14 F E B 2003 conpressor 13 for conpressing the
refrigerant vaporized SRIEEMFBIGRIRGIGNOR EHELfer¥ANGEonpr essed into the

e usod for AP LoAOCLEBRRLIeR s e ifbe ARt bR bl bR LI T

12, p|L@ﬁ§eHhﬁ@§nﬁdhanSfer pi pes 15 for flomjng cold water in a cyllndrlcal
container 14 into which the refrigerant is introduced, are arrange_in

bundl es (schdiiatd 58l argssssefinnal ewitgkengjongdpetdhHE OﬁﬂWcﬁVéBOTéiPes}}ﬂ”ﬁ\/md:é%l in the
Iongltuplnal direction of the container 14. The heat-transfer pipes 15 are
divided'into two groups of outward pipes connecting to an inlet 16 for cold
wat er and badgkped i =plipesf apanapiensgt diheanrandfer piped ih theevapotadorwhben in Pi pe

i nes (ducts) connecting to the inlet 16 for cold water and pipe |lines
connectE%g ‘to the outlet 17 for cold water differ fromeach other in the
direction of I ingw of the
evapor at or 12 B e o e oy e e o e, A T
| i n thbekoperatpashbwafin g Icont ai ner 14 and the groups Ato | are provided

in a zigzag ttern with interval s .betyween. adjacent groups..ln i cul ar,
oroups. A 1o Bk S gedbistietinal ar dpree Siegg st e Pt RBoumpbtidea” o
par al | edvaperhRwshdign Br@Epe A to E. Since the gr oups Ftol are hor| zontally
of fset against the groups A to E, the groups can be provided in a

zi gzag pat t erfig. GAgEcRessTAsplonal Hewdgen @deﬁxugOfthetfﬁ@%@aboqlﬁ@ﬁ'fs‘?fer pi pes
15 are th approximately one hundred pipes and the

heat - t#gés ?ggﬁgggaggﬁgﬁ%lprOV|ded in a zigzag pattern in these groups A
to |. Since thg hisatcrosseastieal piepaskehHlangdinedblliof ¢ fifth esbddimentrafithal ti pl e
verti cal ste s and e tep is horizontally offset against adjacent steps,
t he hedt?P¥4d §F1é%w‘b1’§§§ ﬁS can be provided in a zigzag pattern.
Furthernore, Fig §Be delsettichabiiet ofiap&herldmbpidanén 0 tHeltvapozatgZ Swadiht er n,
when the dianmeter of a heat-transfer pipe 15 is set to as shown in Fig.
3, the ligtlerval between the adj acent heat-transfer pipes is 1.15 D. In the
evaporator 1%i¢aRasesASclfaLiibhas AR CmiRIdftibn b theoaborhbARLG Pl PES 15
are divided into pipe groups Ato and the pipe groups are prOV|d

i nt er vdlig. lhet ween each adjacent plpe groups, bubbles generated around the
heat - transferé‘g1 i S gove{ zv F’i}\@' ngﬁ conme to the
surface of tlf flﬁf‘&é‘fﬁaﬁ?" ’tOHP YJ&‘H {ﬁ TR RYRA PV eI N Y e 1&"pe groups. As
a resulrefrigetabddl es renmmi ni ng around the pipe groups decrease. Therefore,
bubbl es which may have influence on the heat-transfer pipes 15 provided
around the center of the pipe groups, decreases, and then the heat transfer
coefficient can be p B 2003 6
Furthernore, liquid re rlgerant I'S |ntrogﬁgggﬁp¢%%¥?ﬁ§Nlomer part of the
cont ai ner 14 Thetfosttenebodmeéiofien eia@aoaatoi andpaefrigerhtdracédrding ooithetpaesengh t he

upper part .of t co tal 14, The refrigerant introduced tends to flow
upvvardm‘éﬁ’?HO’PWéﬁ%eﬂ‘ ge H’@thpﬁeffée’ﬁ%%ﬁ’@ rovided with intervals between

each of the adiaesntic eer@amerowespeﬁig&ata,eamheﬁ@@ea& iRt dmis Eﬁmlmg gont act
of the refrigerant and cold water is pronoted, and as a resul e heat
t r ansf drhegelfgifgbratorantig.d domprisesaicondenser 10 which condenses and liquefies
refrigerant by carrying out heat exchange between cooling water and a gaseous refrigerant,
an expansion valve 11 for decompressing the refrigerant condensed, an evaporator 12 for
refrigerating cold water by carrying out heat exchange between cold water (a material to be

refrigerated) and the refrigerant condensed, and for vaporizing the refrigerant, and a



Mor eover, by arranging the pipe groups Ato | in the container 14 in a
zigzag pattern and arrangi ng the heat-transfer pipes 15 in each pi pf ?rﬁgﬁu
Atol in a zigzag pattern, contact of the refrigerant flow ng upwa {ﬂ g s
the heat-transfer pipes 15 is pronoted, and as a result, heat transfer
coefficient is inproved. Since the evaporator 12 is conposed of the
structure as descri bed above, the heat. transfer coefficient is inproved,
and as a result, the refrigeration coéffici ent of the refrigerant is

i nprove h r 1. [ £ i t : fer pipes
A T R D i S Y S N S e R R L i e
be di vi eafiprestb® ifoHd @hdaisel . galoldwateepizpaied pi the egimugisr 1inthee with the
size of the evaporator 12 and desired properties to be exhibited. Mreover,
the int @ﬁvmat@rflselamqfoaapa;@@dﬂlomm&m%b\ﬁﬁwgeqrtb@ Bk® horizontal ly provided is

can be set i s ugr PO Sra e I b T Bl A oot ment

of an emapernadebniaidr ¥4 i WhiBned Rfrigemeisdhfigdiced {heapdrgenbundiesent i on wil |
be explained with reference to Fi Conponents al ready. _explained in the

. 4. ] ) | ai |
above f(sekematigpibashopm indiip 1ag8d @ngunﬂywe Provaded;ip dheslapgitusiinal dgeatiopfof Fi gs. 1
to 3 a ] i pn il | - 1.t j 4 - sectional
Vi ew of DeRRREREELE" TR cE e pindf 198 Red O 0y o UBYG AebhATIRGTE. AT
E of thengyvapgrnatninldtl G osldivater bad biuksvaghpipeld corintctingitb en loedt-17fansf er
pi pes 15 are regft)J_I arly arranged vertically ﬁﬂg horizontally; that is, the
heat - t r%%Wé?ef-pi pBS lings @pgsheangeriiea 19 theanigy %&?Itdé’f"‘ﬁ?r. 2pASIPFIHES t r ansf er
DI PeS IhnhsflinRo RIcRR PHR cbid Ragds s 1A BAGRATNr In et n BAASWIRE-
Furthernore, Fn the pipe groups to E, the interval between each
hor i zondodd vgteadj acent heat-transfer pipes | S provided is set to 1.15 D,

and the interyal, hetween each.vert. cally adjacent .heat-1ransf ipes 15 is
set to 2 to §V1§)_2 “fsﬁec_fB%SFFéFU?{l&LHF‘_NiOﬁ‘)%/% Vajﬁ?fﬁg’fa?ouﬁe 'gea[t- raf“%]értﬁﬁggsi nt er val
bet ween £a6 Biveded i@ HRE g?eqPé AltbY irt8k aeeitpahtedithd doaRSiee 4 RhB Bk ghdupsA set to
1.15 D and the interval between each vertically _ adjacent heat-transfer

pi pes 18 liax previdedin a zigzeg petigrpwitiintguals hetwsgp pdinerah stovas: | 1 rariculanpe
groups I S35k - i 4 i oups Ato
L e’ ot o Bl prpfiach DEpdlah shd BRSHEF P1BE BB R iBPbRR A RS D Le
groups groums A to En Sinee éheggrousst Ioto [ k2e harmoosdy offsetdesiost the droabohdp Bykten

bubbl es generated around .the heat-transfer pipes 15 in the pipe groups F to
| pass %’%\’P&éﬁo ﬁ‘ﬁ’ﬁg’g T %‘fiﬁé@rﬁ%’ﬁ@gﬂ’é&fmﬁansfer pi pes 15 in the pipe groups
A to E, sinceuriemhsialintead@igloap AoNEHe heatitihnbRE piped €5 gﬂ’e%ﬂ@tﬁ:e&té%ﬂﬁraxe not
nore densely arranged than those in the pipe fgrqups Ftol, bubbles easily
pass t WHypregastedy preq hwdred pipesandbe heptréprifernipessl S1ate prpvided inp Bigzag oups A
to E rs r e r LGl ' vent ed.
he desdriEmdT Iy B RS HERTE  Shick N JRaCal bR STOPHON RS ol 2 R T
enbodi mewitipletviegidabsteps arglreatle step adfofrizontelly offset ap@nsitagyacerg dtepsyribe as a resul t,
the refri _eragei on Cﬁéf“ %i ent .(gf .1 he. refrit%erator can be inproved. In the
above &83055815 TBEET BT °F REOHEALY £ FH1ES BY [W'pes 15 in the pipe groups Ato
E are arr ang@rthérmsorgindhdkdat-fafsf@ipar1es protvidedirea dengglatedy, WasgaRk t han
those in the pipe groups F to |; however, a part of qor all of the

heat - t digragterofs mgtr@aﬁfwrp%@ pispdod? aughowa ind'ig: 3wl iperviabbetiserthgensel v

ar ranged; i ] 1z g. S shows a cross-sectional view of

anot he(r%‘qjea;%éa}jrtrglleét tg%@t&ﬁ@%seg%{r}éseﬁhbodi ment of the evaporator 12. The

heat - t r ansf elln fiepoapdrator 12 pompogdas dssciibed abdve, sinee the hengesfenpipez 1 §zag
pattern as well as.the first enbodinent. In the pi roqups A to F', the

i nt ervéres&bﬂg?%@ﬂ PREHOERR /gé%ﬁend&gapmergéw&sé\re moﬁ@gg I‘gthdp relibetyeen 15 p,
Fur t NeLOTY Kiiadeht ﬁiE@ RIS, EbBIR Serferatb@ atound tEheaMrBsYR pFo A WP G2 166 .

adj acent heét-tra sger pi pes 15 are set to narrower than that 1 n the pipe
gr oups pAit in eadh' pipeTgratp iceme ttd thelspeacd ofzhs fefriggangabrongh the inteevapbgieeen oups A
to F a]re .not nore enselil érbré)&% ed than the Htﬂeat-tr.ansfer gsipes | 5in the
pi pe grYUPRE &oupy; | AS apesuftbu 88?‘51?8}% around the RIRS BIOURSHEF e heat - t r ansf er
Pi pes  Fherford S5bbiRSshidP RS hatd RABEIRE da'tAY RéatAandfer gge@mﬂpmﬁe@ LR%Ing" OUPS

G to L' are arranged in a grid pattern. According t he’ above

conposithe @nter whithe hphgloaps, geceases,anddhouhd htdtdrahsfat cdeffniaftean p¢ pes 15 in

t he pi %e groaﬁé G, to L' pass through spaces between the heat transfer

pi pes PEEVERted BronpgsEeasiBups A to F, since the heat-transfer pipes 15 in
the pipe groups A to F are not nore densely arranged than those in the

pi pe groups G to L', bubbles easily pass through spaces between the
heat-transfer pipes 15 in the pipe groups A" to F'.



As a result, decrease of the heat transfer coefficient is prevented, and
therefore, the heat transfer coefficient is inproved, and as a result, the
refrigeration coefficient of the 14 F E 8 2003 refrigerator can bk4 FEB 2003
Inmproved. In the above conposition, the heat-transfer pipes 15 in the pipe
groups A to F are arranged in a grid pattern and are not nore densely
arranged than those in the pipe groups G to L'; however, a part of or all
of the heat-transfer pipes 15 in the éipe groups A to F' may be | oosely

arranged in a.zigzag pattern. Next, . the third odi ment .of an evapor at or
B 8 rof 11 goP AR Srer A FTEBo P s o PR ekl MR B ned
with rej g |4 SRS S8R wSHTBRb SIS RASHHeQoRRIHRPNENT S

al readylfngtitgll gls?%l eliFln zEErhdgmgbove first enbod% nen%l,ﬁi%g%d expl ar?ati on with
regard The tefiegeeant ortppdnestd tendsi tb flobeupovard, tand theRj gncedhs hipegraips aess- sect i onal
view of the evaporator .12 accor.di ta the third enpodi.nent accorgding to
the. pr cRadef HBipEERls bR Philepdacest PiP siores.dbeisiierat A8 i ng
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rows 21 are provi ded, bubbles generat ed around the heat-transfer pipes 15
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fourth enpodi ment according to the present invention. own 1 n ki
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groups F to I are arranged in a zigzag pattern.

Furthermore, in the pipe groups A to E, the interval between each horizontally

adjacent heat-transfer pipes 15 provided is set to 1.15 D, and the interval between each

vertically adjacent heat-transfer pipes 15 is set to 2to 3D.  On the other hand, in the pipe

groups F to 1, the interval between each of the horizontally adjacent heat-transfer pipes 15 is

set to 1.15 D and the interval between each vertically adjacent heat-transfer pipes 15 is set to



are provided at the |lower part of the pipe groups J and M Fig. 9 is

anot her exanple of the evaporator 12 in which smaller auxiliary degﬁf?kﬁﬁmj
rows 23 than the auxiliary degassing rows 21 axe provided so as to
obliquely upward extend fromthe auxiliary degassing rows 21 to the
degassing rows 20 through the pipe groups J to M The arranging pattern as
descri bed above is suitably selected i,n response to size or desired
performance of the evaporator. Furthernore, in the above-nentioned
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and are provi fofedfindh 0239 RARIEL SvabbraldiS 2 GO BRIT the seoord EVaporat of

according toc ere space tween pipes rn a plpe group are the
sane siasbament, ihethegrtednsiericdedficiaft cpn pesnprivedrakd & 283t Ahe efidgroatatnor
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adjacent heat-transfer pipes 15 are set to narrower than that in the pipe groups A' to F'.

That is, the heat-transfer pipes 15 in the pipe groups A' to F' are not more densely arranged

than the heat-transfer pipes 15 in the pipe groups G'to L".

In the evaporator 12 arranged with the heat-transfer pipes 15 as described above, the
pipe groups A' to F' and the pipe groups G' to L' are arranged in a grid pattern.

According to the above composition, when bubbles generated around the
heat-transfer pipes 15 in the pipe groups G' to L' pass through spaces between the heat
transfer pipes 15 in the pipe groups A’ to F', since the heat-transfer pipes 15 in the pipe
groups A' to F' are not more densely arranged than those in the pipe groups G' to L', bubbles
easily pass through spaces between the heat-transfer pipes 15 in the pipe groups A' to F'.

As aresult, decrease of the heat transfer coefficient is prevented, and therefore, the heat

transfer coefficient is improved, and as a result, the refrigeration coefficient of the



7. An evaporator according to claim5, wherein the heat-transfer pipes in
all pipe groups are provided in a zigzag pattern. 8. A refrigeratorq4 FEB 2003
conprising: an evaporator according to any one of clains s 1 to 7, a
conpressor for conpressing the refrigerant vaporized in the evaporator, a
condenser for condensing and |iquefying the refrigerant conpressed, and an
expansi on val ve for deconpressing thegliquefied refrigerant flowing info
the evaporator. .A A .Ayh. AS A . Ayl. Ay. Ay, . AS. AL. SOP?
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" 10%008ehibodimenOfzgordingdBikhe present invention. As shown in Fig. 6, in the evaporator 12
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number of the heat-transfer pipes 15, for example, two or three rows, are removed. These

spaces are called degassing rows 20.

Furthermore, in the pipe groups J and M, spaces not arranged with the heat-transfer
pipes 15 are provided in paralle] with the degassing rows 20. These spaces are formed as if
a predetermined number of the heat-transfer pipes 15, for example, one or two rows, are
removed. These spaces are called auxiliary degassing rows 21.

In the evaporator 12 described above, since the degassing rows 20 and the auxiliary
degassing rows 21 are provided, bubbles generated around the heat-transfer pipes 15 at the
lower part of the pipe groups J to M come to the surface of the refrigerant through the
degassing rows 20 and the auxiliary degassing rows 21.  As a result, bubbles which
deteriorate performance of the heat-transfer pipes 15 provided at the center and above the
center, are decreased, and therefore, a fall in the heat transfer coefficient is prevented.

Next, the fourth embodiment of an evaporator and a refrigerator according to the
present invention will be explained with reference to Fig. 7. The same symbols are
appended to components already explained in the above first embodiment and explanation
with regard to these components will be omitted.

Fig. 7 shows a cross-sectional view of the evaporator 12 according to the fourth

embodiment according 1o the present invention. As shown in Fig. 7, in the evaporator 12

according to this embodiment, subauxiliary degassing rows 22 which are formed in the pipe
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surface of the refrigerant.  As a result, there are few bubbles, which degrade the
performance of the heat-transfer pipes 15, around the center of the pipe groups J and M, and
therefore, a fall in the heat transfer coefficient is prevented. Additionally, the subauxiliary
degassing rows 22 may be provided at any of the pipe groups J to M.

Next, other embodiments will be explained as follows.

Fig. 8 is an example of the evaporator 12 in which subauxiliary degassing rows 22
are provided at the lower part of the pipe groups J and M.  Fig. 9 is another example of the
evaporator 12 in which smaller auxiliary degassing rows 23 than the auxiliary degassing
rows 21 are provided so as to obliquely upward extend from the auxiliary degassing rows 21
to the degassing rows 20 through the pipe groups J to M.

The arranging pattern as described above is suitably selected in response to size or
desired performance of the evaporator.

Furthermore, in the above-mentioned embodiments, as materials used for the
heat-transfer pipes 15, tubes having various forms such as a dimple tube, fined tube, and the
like can be used.

Moreover, in the above-mentioned embodiments, the evaporators having a structure
in which cold water flows once and returns to the evaporator may be cited as examples;
however, the evaporator according to the present invention may have structures in which
cold water flows one way, flows and returns plural times, is input from one side; flows and
returns; and output to the other side, and the like. That is, the above-mentioned arranging

patterns can be applied to various evaporators.
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3. An evaporator according to claim 1, wherein the heat-transfer pipes in all pipe groups are
provided in a zigzag pattern.

4. An evaporator according to claim 1, wherein the pipe groups are horizontally

divided, and the heat transfer pipes provided in the pipe groups on an upper level are more
loosely arranged than the heat-transfer pipes provided in the pipe groups on a

lower level.

5. Anevaporator for refrigerating a fluid to be refrigerated and vaporizing 2
refrigerant by carrying out heat exchange between said fluid and said refrigerant,
comprising plural heat-transfer pipes, in which said fluid flows, provided in a container
into which the refrigerant is introduced,

wherein said heat-transfer pipes axe divided into plural pipe groups, and said
pipe groups are provided with intervals between adjacent pipe groups and are,
horizontally divided, and the heat-transfer pipes provided in the pipe groups on an upper
level are more Joosely arranged than the heat-transfer pipes provided in the pipe groups

on a lower level.
6. An evaporator according to claim 5, wherein spaces between pipes in 2 pipe group

are the same size as an integral number of pipes.

7. An evaporalor according to claim 5, wherein the heat-transfer pipes in all pipe
groups are provided in a zigzag patier.
8. A refrigerator comprising:

an evaporator according 1o any one of claims 1 to 7,

a compressor for compressing the refrigerant vaporized in the evaporator,

a condenser for condensing and liquefying the refrigerant compressed, and

an expansion valve for decompressing the liquefied refrigerant flowing inio the

evaporator.



