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SPECIFICATION HEAT EXCHANGER TECHNICAL FIELD The present

invention relates to a heat exchanger. More specifically, the present 5

invention relates to a heat exchanger comprising a core pipe having

projections that are formed on the inner surface thereof by pressing the

outer surface of the core pipe, and a winding pipe that is wound around

the outer surface of the cor@pffel HAAKEROUND ART Some heat

exchangers used for air cgpdifeperspyvaies; pgaters, and the like are 10

rovided with a core pipe that forms a passage of a first fluid, a winding

TECH]%%&IIE%UM around the outer surface of the core pipe and forms a

PesSagesehf preand dlvigdyand A Deabi exchanger tRAexehangeaiiedle present
‘ . between the first fluid and the second fluid. For example, as disclosed in
inventiogateliiiotu it , K HAMBRE FPBINEARSEIFaRY dHRS JEaings piqiegiions that are
formed SXCHRNARICIOEA NI PEH Yy SHRRASANE B RUMRMRIELIGRIEERUGIHE and a

. .. heat exchanger is formed by two pipes: 15 a core pipe through which
winding pipe thisi% rierd MA SipRIeh RIGGRSMIEI S @iRgerant flows. These
BACKORONIBES Aegrspirally wound into an oval shape and used as one heat

exchangeer unit, and a main body of the heat exchanger is formed by

mORI&IG-E S PESRG M Coetiing RIHAREr STAHCRiEE e aHjetike are
providedRighta eaehhehdnfoddilionaanether teehaofREY, RagBes) PrAPEsLdstdound

improve the heat transfer performance of a heat transfer tube used in a

around {he QUET SRS TR0 ERRIBEHID OGSt BT8R SR diiih #id a heat
exchangbin@¥asei{aem pédhpheniniansies fhe MHyiPrassing thenutersiraseLhthse, as

eat transfer tube so as to imprqve the heat transfer performance (Patent

discloseg, g AR5 PatBht ERBIREH BUUBHESEDR 598 £ begsshasger for a

water hdfaatenidResumeat gulihAvitublicationsiich kR @5;5@11@415@ &@&b@tﬁf Qo pipes:
THE INVENTION <Prgplem the Invention is to Solve> However, when a
a core P@&@Eﬁﬁg it BH%?églb%‘ﬁ%% BV PP BIP S PHRESANEY € iscs rgerant flows.

These niereafsoypegssing thenaatensuiasenilibpccare pipe is usedfaf axdBatger unit,
exchanger, such a core, pipe has dents that are formed on the outer )

and & g Sy A OHE T DRGNS B A Fapeting a

number siirfack Hédnendhavigeingipipe iswhostherarauadithmcanethipaanddhen Khebeen

e is spirally wound into an oval shape, since a crass-section of the
Bl R ovakshane, 9

proposegotge : OV
core Dibehas

exchanger. With this technology, projections are provided on the inner surface of the heat

at transfer performance eat transfer tube used in a heat

transfer tube by pressing the outer surface of the heat transfer tube so as to improve the heat
transfer performance (Patent Document 2).

Patent Document 1

JP-A Publication No. S51-105158

Patent Document 2

JP-A Publication No. H06-70556
DISCLOSURE OF THE INVENTION
<Problem the Invention is to Solve>

However, when a core pipe having projections that are formed on the inner surface
thereof by pressing the outer surface of the core pipe is used for a heat exchanger, such a core
pipe has dents that are formed on the outer surface thereof at portions corresponding to the
projections on the inner surface. When a winding pipe is wound around the core pipe and then
the core pipe is spirally wound into an oval shape, since a cross-section of the core pipe has an

irregular shape because of the projections, there is a risk that a poor contact will be formed
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. irregular shape because of the projections, there is a risk that a poor

contact will be formed 1 between the core pipe and the winding pipe,

which may consequently reduce the heat transfer performance. In

addition, the wall thickness of projecting portions of the core pipe may be
betweegh fifectitnAci A phe cessiBrIaiATNg v prajeeiisd drahitrediithe heat transfer

perforiigkNES AR PERICGHNOHRAIANS AT IRG LA PIBRIMRICR M@%ore pipe may be

consequently reduce the strength of the progtectmg 5 portions. Therefore,
made (RipkEdheRIScSFHR Hresdm hyverisrisesiieroherasthdiRkngbogenon-projecting
portiorRrellem and tepnpiavertheheatiansterperammanse of:abaaky the projecting
. exchanger comprising a core pipe having projections that are formed on
portiotghe jnner surface thereof by pressing the outer surface of the core pipe,

angha-windi %B&@rﬁéﬁ@%WQH@%%@&BQ&%%%{%rm%QBQ e ve problem
ipe. 10 <Means to Solve the Problem> According to a first aspect of the

P 2 .
and 10 JREBENEINUE itfcHh, HRBFETSHSFERABISHCS Hedt B%BhaNGRI STnFgIRseHRE a core pipe
having§xehanessheat hetwesn e sidluid-andraseaandftuid pihehifathe outer surface of

exchanger comprising a core pipe configured to form a passage of a first
the corg AP Rdhrovidea it a ittt B ot sk WAt aretfergHc core pipe.

<Meandiemniteatly ploadieanstant pitch in the pipe axial 15 direction on the inter
surface thereof hy pressing the outer surface of the core pipe, and dented

pOiEME Al Bfe FoHARE O ke GURSF UMY R iRED Fe R adedh b gx changer

configifte eosfighiettocioaspaqassageiofiaigesend fidchandibeinghwatdad exchanger
around the outer surface of the core pipe; and a brazin% material bein%g b
W1 a

comprisiier &CRfo PSSR SHIGh <9 ate 5168 Giciity of el KOG P
pluraliR0dfgfe; dbeckrrenpipe-h aving dheprejactians andheirner $Hiace therehe axial

. _.isused. Because of the prgjections, the heat transfer performance of the
directiql 8 P d iy BARTOAGURH, PR PTRE Gl GHPT GRRE R B FORRRP ol donied
portiordd ehouUkes &kﬁ@&ﬁ@f ftine 6@5@ @i{;&@é @@@i@ﬂ?}f@%ffﬁ%@ﬂﬂﬁlﬁﬂ@ e cocrllﬁgured to

rojections that are forme the inner surface of the core pjpe. in order )
fom o BRIt 4 6BF COMUEP B AR HE L ATE Fra SRR WAAAR g piffocore Pive
and a WheiR¢hemdrding:pipep3bris Viungiamuneitheseodentedportions teinity of the

.. _brazing material may be poured into the dented portions located in the
Wmdm@ieiﬁﬁy of the winding pipe. In this way, when the brazing material is

paied ihto the=demedparions: thedented portiaasiioemed-oRdheQUET is used.

surface of the.coreg%%e ma%%e filled with the %zin material, which

B

Becausi G 6 REGGHURRY SliHA s R S0P EHBER BtIBE A e LBr e HipRaproved: At
the sarthe windidgrpipe::30 otertnal whehthebrazingimaterdalhis potresidatarthertions
corresp%%gggg 1%%5%:081%}8&%%9 tiza%ha?‘e formed on the inner surface of the core pipe. in order
to ehiminate a poor contact between the core pipe and the winding pipe when the winding pipe
is wound around these dented portions, the brazing material may be poured into the denied
portions located in the vicinity of the winding pipe. In this way, when the brazing material is
poured 1nto the dented portions, the dented portions formed on the outer surface of the core
pipe may be filled with the brazing material, which may consequently eliminate a poor contact
between the core pipe and the winding pipe.

Note that when the brazing material is poured into the dented portions located in the
vicinity of the winding pipe, these dented portions may be filled with the brazing material,
Therefore, even if the wall thickness of projecting portions of the core pipe is made thinner
inthe process of forming the projections than the wall thickness of non-projecting portions of

the core pipe, the core pipe thickness can be reinforced, and thus the reduction in strength of

the projecting portions can be prevented.
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vicinity of the winding pipe, these dented portions may be filled with the
brazing material. Therefore, even if the wall thickness of projecting
portions of the core pipe is made thinner inthe process of forming the
projections than the wall thickness of non-projecting portions of the core

pipe, the.core pjpe thickness, can be reinforced, and thus th rgduction"
T 0 e SR AR e VR IRBHO Aoy tiaed @ hoat
exchargite matéemiediments okthespiesdntinve atina;ithete iSaprovded wHigats applied
xchanger, in which the brazing material is a brazi aterial in aste
to the G e Bl A e T PR e CHRRIG,
ardetee thmbttethanddvonded theusto féterendlpebbragitigdnateriaivn@dastdons of
<. form may be applie the dented portions of .5 the core pipe in advance,
the con e D Ty SRR Ok RO TSy, s was:
the bregragingumrateriadiraé bediny ibhet heat raye bebieliablyedduredhiatdetheddemtgshs and
rtions_and. bonded thereto after being cooled down. Thus, the dented
bonded B 0 AL AR DO T af S P prtce
of the witte thipbraminge matiehibl, flhi¢ hwithytico hsaguentlyteelimindtea poer consequently

e]imina%g r;lta%topegw ey %Q?W%Oretﬁ)ép g({%nditgetal%qggen ﬁi&%blniag.dfgoa ’d%Yc)eIQ gven if the
the 10 Wall thickness oefnprOJec mdjp}))or lons of the co pri’pe IS made
wall thibimes i phel prioce seivforofitiee thee pripjectiongdnhmthe iwdikthiokesss dirming
NON-PIoject tions of the cere pipe, the dented portions formed o .
e B S e O i3S i Vhe) e M R e b e dented
portiongridrthedcordlpipertticknss chthbessinfocettihasithelredictierbimzing material,
ottt lect | eprevented. 15 Accordingto . .
o o SRR DA, PO S SRR LS B o
portiongyeghdregervientghich a pipe configured to form the passage of the s_,ec_ond
f,luA%éBﬁiﬁg%@%&R@!pﬁhgggimﬁxbgr%%lﬂ%r{)‘l%tgerljf?lilf?‘vgn f&lz,l@ eir%ai%en%xlfpdgd a heat
linear form; which is disposed between the core pipe and t ewmalng
exchangipeith ablidne e msdotrdiis s sheldamdisoprdensthefets: BermdHbibrazingtraight
ipe; 2RI RIS AisRosed i RIReARELIhe wInding Ripe i, 20 ‘
PIpe: adyancea, arﬂéd then%ra;g_z%%glé%?ﬁg% éut?}oarig%a%r?wp(ie, iﬁ%gﬁﬁr%aglesp%eg between
the corgpite dipoiitionsndink pifca sirdilanceapd Sarcapitigdabe bohéeDrdmistp.

matedahmelied by e heakmay ke peuted.inie t@&@g@%@%&%@ﬂ% ipe in
to the capillary force. Thus, a complicated process of applying the raz_lﬁé)
advances aetif]eo Derdhede mes g eibnieanbe plvoided fwvhick. réaltsated portions work
in a sitTRFQVIRGIhe cgmé?g ﬁé@'%@bé&ﬁ%@ﬂ%ﬁl%ﬁ@d@v%%ﬁl tflﬂgi Vé@jaoured
) melted by the heat may be 25 reliably poured into the dented portions and
into thgyéped RREIRS dRREDdingapdied dewn! s, ehendientediportione! applying the
brazind OHRRE Aniihe.quien sudace Al he-LRTEPIRG cR1 Pe rgliablk file qnwfmp%%ing the
qbrazmg material, which may consequently eliminate a poor contact ~
brazing gffieighcihd e tdpioa.alg brazing material that was melted by the heat may be
reliably poured into the dented portions and bonded thereto after being cooled down. Thus, the
dented portions formed on the outer surface of the core pipe can be reliably filled with the
brazing material, which may consequently eliminate a poor contact between the core pipe and
the winding pipe. In addition, even if the wall thickness of projecting portions of the core pipe
is made thinner in the process of forming the projections than the wall thickness of
non-projecting portions of the core pipe, the dented portions formed on the outer surface of the
core pipe may be filled with the brazing material, so that the core pipe thickness can be
reinforced.
According to other embodiments of the present invention, there is provided a heat

exchanger, wherein the brazing material is a brazing material in a linear form,
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the winding pipe. In addition, even if the wall thickness of projecting
portions of the core pipe is made thinner in the process of forming the
projec'gions than the wall thickness of 30 non-projecting portions of the
which FOEBIRE, G AROEABAIGNBI AN ARNROHIET HIAEOLICHEA rclted and
pipe may be filled with thé brazing material, so that the core pipe
bondedtthcmie-s_s can be reinforced. According to other embodiments of the
PrESRNLIVERYAN, Her&ls REYIRIA Real SXEhARaeH N GIEIAdNEound the core
_ brazing material is a brazing material in a linear form, 3 ' which is disposed
pipe, andh then\binding iviservirshinttafousyameleore pipatse thehswenelrafgen the core
pipe isbﬁ%Q%&h%%%éﬁ%ﬁy%ﬁQ@@@grﬂ}@éﬁﬂﬁé is.fispesgshamihgipindingo helicalty
pipe wound around the core pipe, and then brazing is carried out, for )
wound enarmsiehin euterraeicE ot ethanspre, WhenitHaxoks Jigiselisipréiipey a brazing
material R ARIcA.aranged Projgcions anghewinding RReis alaerbelicallye brazing

wound around. the outer surface of the core pipe, it may be difficult to

materialipedéngapriApy rnteridetipercthetie PisdiaaPpe WNAhgpipd ifhe core
pipe, aﬁtﬁj\fﬁé]?%m&ﬂ?% efarg-ihe hrazing, maiguahia afinearshapemay Beafitstimelted by
disposed on. the winding pipe wound around the core pipe, and then i
the heapraginpiseddatoibcAleRisr RIeRsEUME Hrasmy Iatdrrsrtnbiis meppglicated
procespé{fja%é[ﬁlﬁe@s PAyihe RRWAL iRpdhe depied RATINSAUR 18 i-gaRilRIY results
t

~ force. Thus, a complicated process of applying the brazing material for
in impeainednBporisHickDe B BB W Bres & AR VAR gvtisemelted by the
heat mﬁ%@"&ﬁ%@eﬂ&dmm aadiipngdhe-braginenaterisbiaal wasdneliae: ethe cooled

eat may be reliably poured into the dented portions and bonded thereto

down. Fhap.Hbigeassiariewniorrad, AdrHEd PUHGRS fINmSATEP AR Gilkdr reliably
filled wihiaceRiIRg core RiPsgarbaeliahbs drAlled nithiberasingmaiesialveen the

which may consequently eliminate a poor contact between the core pipe |

core PipRANHERITHIAGHRIBS ARt SYER if the Wt KRS PigRdtmep rons of

the cor@‘iﬁ%@% Rhdbencate: @pﬁlésp%@@% TRehind e RIRseasHak Iaeming thel thickness
projections than the wall thickness _of non%oje_cting portions %{?the core

of nonqRRicSHBSRATRAND SRIGRS REFREL IR BN THALTEFNIA SRR P surface of

the cordayplafiledanitithe pragingmaterialassishaldhe-care pipe Hhirkngsseancan be
be 20 reinforced. According to further embodiments of the present

Wention, there is provided a heat exchanger, in which the brazing
materialisabrazing: eapsiahieanasifommenhiciigiapptiegd: 18 thevided a heat
winding pipe wound around t_he‘corﬁ pipe in advance and then melte

lted.and ..
exchanggh 4Ry it P25 BB b ZiRG HRACHEFIR A PASBYEARTE appfiBd® 2pplied
to the iRdRBWIRGIROWRIDEAVEWNEd the core pipe in advance and then melted and bonded

thereto.

reinfor

Here, the brazing material in a paste form is applied to the winding pipe wound
around the core pipe, and then brazing is carried out, for example, in a furnace. As a result, the
same effect as in the fourth aspect can be obtained.
<Effect of the Invention>

As described above, the following effects can be obtained according to embodiments
of the present invention.

With the heat exchanger according to embodiments of the present invention, the core
pipe having the projections on the inner surface thereof is used. Because of the projections, the
feat transfer performance of the core pipe can be improved. At the same time, dents may be
formed on the outer surface of the core pipe at portions corresponding to the projections that
are formed on the inner surface of the core pipe. In order to eliminate a poor contact between

the core pipe
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around the core pipe, and then brazing is carried out, for example, in a
furnace. As a result, the same effect as in the fourth aspect can be
obtained. <Effect of the Invention> As described above, the following
effects can be obtained according to embodiments 30 of the present
and thinvéntia pivithvire Heavexdingnges Eccordidgroieibesirdentsigfations, a brazing
materigirﬁ‘ﬁﬁpﬂérb/(ﬁﬂggﬂﬁwﬁlg%{e%tgdpgoﬂ Vﬂ}g%%%erﬂﬁﬁgquir?ﬁytgg N frmding pipe. In
surface thereof is used. Because of the projections, the heat transfer
this wigerfobiatise BhTHRe dopecpipel tan bedmproled dauttdersarvedinie; demts] portions
formed"&Y IQQ JQtré_pggrﬁ@e%? g_fét%'é?é"g%%ec% tglg SRR ]"él& Rz%'iﬂot'ﬂ% brazing material,
corresponding to the projections that 35 are formed on the inner surface of
which graycenespipently shiemmeatipinaroalpodetortadhbetwepivethedcbrepipéng pipe.

In add.igﬁ'ﬂdeygﬁ W 'ﬂg'%ipiﬂﬁzmgp &Pﬁr&%@fﬁ@ g’d&?o'ff‘svc‘f? H c?ﬁa@e B(;E%liﬂégﬁgde thinner in

ented portions, abre}zmg materla} may be poured into Jent '
the prosetiehsqBBEE dinRIRcsicmsyhFmtee Windifidchimss pf thismalpctirepotitens of the

core p ,4%%@@@@@1@05’19%‘?ﬂéﬁtglmﬁed{‘ﬂﬂg?%&%yg 3 ’tltxg%gx%rﬁﬁ% %Qég?#tsrf%led with

ormed on the outer surface of the core pipe can be reliably fille

the bragingHgaisadriand lhieprmaipeohidggentprelhirrindagsdotionthet reduction in
strengtRRINMEE IR S RIRG ANEL NG Winding.Ripe. In addition, even if the wall

thickness of projecting portions of the core pipe is made thinner in die

procssst fsitniteirie gvofesrA ghim e ostipeiskaggbopresent invention, the
brazind @R-RFQIEGIIAG RIS, O theears QWdéH@@dﬁBFﬁglﬁ%PQ@dc&@}ﬁgeQB advance,

the outer surface of the core pipe may be filled with the brazing material, .
and them, Biangoie FR5Ehitln 83 SERBE réMhfofBEtcthUS #hésra@uiction irmzige material

meltedSHe ROl thaprojasling PHdiaRg ¢aB e RISHeRBG Wt INENeRd thereto after

. exchanger according to embodiments of the present invention, the _
being gitelsthgiater it sasteoRTR APt bedRns a B AS e e pipe can
be reliSSKERIRE WHANYRNGEr i ANEHENDraZiNg $.6AIRdQULRr EXRINAIR dh8or contact

furnace. In this way, the brazing material melted by the heat may be

betweery th5 ) oiuPERFi it tHB I SHRENSoRIBRS lanaddéirie detrarefo el Baligiess of
project@@Olesheawnf Thusebepenteshporiems dPimad eRthe:oen sHBCE OhhR ctions

cor%(gi e can be reliably filled with the brazing material, which may

than thegie ISR B RINAER BodtCBAtReRs Kethe SRhBIRD B PgiEoNS formed
on the WIREHRGrRIREo MIRAGHOP; RUARTHh e nvalkthickness. of PIRIRGHAI RRIIANSore pipe

. . of the core pipe is made thinner in the process of forming the projections
thicknegiy WAlH#RShess of non-projecting portions of the core pipe, the

demied pertiens fQumeg2000dEnauUier sHHageehiNe Care PRSMab&ition, the
brazing{,g%?tgv}yit dtsh i.s%ro%%:g]%erp\n?égrgl?illbelc%get?y?pg%%edF%ilpeewitiglicjﬁge}igecglna%3311ce, and then
brazing is carried out, for example, in a furnace. The dented portions work in a similar way as
a capillary tube. The brazing material melted by the heat may be poured into the dented
portions due o the capillary force. Thus, a complicated process of applying the brazing
material for each dented portion can be avoided, which may result in improving the brazing
efficiency. In addition, the brazing material that was melted by the heat may be reliably poured
into the dented portions and bonded thereto after being cooled down. Thus, the dented portions
formed on the outer surface of the core pipe can be reliably filled with the brazing material,
which may consequently eliminate a poor contact between the core pipe and the winding pipe.
In addition, even if the wall thickness of projecting portions of the core pipe is made thinner in
the process of forming the projections than the wall thickness of non-projecting portions of the

core pipe, the dented portions formed on the outer surface of the core pipe may be filled with

the brazing material, so
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With the heat exchanger according to embodiments of the present
invention, the brazing material is disposed between the core pipe and the
winding pipe in advance, and then brazing is carried out, for example, in a
furnace. The dented partions work.in a similar way as 25 a capillary tube.
that thﬁ'ﬁ%rfa%g?ntg ha eesﬁaC%qté?té%}%yélﬁleé{ ‘heat may be poured into the dented
poWtizhstiouddat thecbapitarydorcting husealbedhplicated preceas@ft invention, the
brazing%Pa{{?iiqgitpsed%razlan Ol‘m lge\g’laf’ll q{oealcg ‘g\lf(e)nt POI’ti r&qan he avoide th b ing
Which may result i improving the BIaZing “Bridiehey M S aiRs: 1etl brazing
is carrrézing foaterabthatwastmedted Byrteedngat malychetieliably pperedhimtaied with
helicalldHERIRY RRTONS, Ang.RANICAMNEIEID ANEr BEINBFONIRT NN T08 the outer
the dente go ions 30 Tormed on the duter' sdrface of the Cored iﬁéoggﬂ © oue
surfachefrdliatuyefikpd, withah bddafing matésiadsevatickymayneanseé deentish the core pipe

eliminate a poor contact %tvy n.the core pipe and the winding pipe. In . .
w0 R SUer R Wl 1HCKTIGES OFprOIGEAE OTNE B A8 cOR BRI s
disposedacie thinwerdmgthepprocess e éormitie therprojections thanheivalls carried out.

- thi non-projectin rtions of the, core pipe, the dented portions
e g D S P AR e
portiotgrakingemtteriabiders thatthd bose pipertipicknedsraceke ofinfoicae \Withbrazing
materi EE? G&EE@J}S‘&Q EB]{%&)%OEQW gd %\?@&)ﬁ%d MG ﬁg%'hreegﬁ?slg rHT{ n}/ongg e brazing
~ the brazing material is disposed on the wm&mg pipe wound around thé
efficienerelpiglsdiam thebroraxinyaiszdnlietvou nioltekamibie hivanaynzce bty poured

nto thg)c(l@ﬂ%gélgpo f}r% %Ex% %8{%é)dgﬁélse&)rgwéiodﬁ\gngca(ﬁ)re%lI&S‘% apand de demfedr portions

projections a e winding pipe Is a y wound around thie ou
formecsgrfdbe oftheedpepifehit may bipdithicdit toebidppddlacbvadingertateriat material,
nich Relween the core i | indi ipe in adyance. There ‘e,the.(r .
P L IPar dhe A b e Gt See i B U M pie
In addisipie weund Grovad thislosse piimomstnbhewitiering ibecarrietiiouts nAdsle thinner in

the pr&clfgsg‘sct?fsj%rﬁﬂﬁgb{ﬁg B]%;H&ﬂ%ﬁﬂ%&&aﬁ{é %ﬂﬁ%% t&%?ﬁ%ﬁg%&% Goﬁé%doas of the

into the dented 10 portions due to the capillary force. coniplicate
core pipepdbesiofieppiinepthiotrading Heatetial forfeachidentedppmiomeanhdélied with

the bm?h}fgqugwm% mayesuitn RreWnd.the Piazing sgfficiency. In addition,

‘brazing material that was melted by the heat may be reliably poured
inty e tHerted seaivAsEnt budit hamtrdiresiieing doolwdsdovimvention, the

brazind fiSe e HeniedPofigns B%E?gg Wt%%ﬂ$£§%ﬁﬁc%8ﬁﬁﬁea&q{§d%ee core pipe,

can be reliably filled with the brazing material, I5 which may consequent?y
and theilpzifLals poeredrtdctbemreap he cordpipeantisthersndirbepisaicin portions

forme@OEIHRN G¥EREANS Wallthickpess ol prajecingRorgns Qi th ﬂlgo&%[ﬁkpge A%aterial,

. . made thinner in the process of forming the projections than the wall ~ .
which keSS IRN-pisIEIRG perichsBethe tore hipectheitesstifomimesg pipe.

In additsmedonithe auersuiacs of %j@@tﬁﬁg}p&?'{m &%ﬂé'@&é"ﬁ%e is made thinner in
the process of forming the projections than the wall thickness of non-projecting portions of the
core pipe, the dented portions formed on the outer surface of the core pipe may be filled with
the brazing material, so that the core pipe thickness can be reinforced.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic diagram of a heat pump water heater,

Figure 2 1s a schematic diagram of a waier heat exchanger.

Figure 3 is a plan view of a core pipe.

Figure 4 is an enlarged view of section A-A in Figure 3.

Figure 5 illustrates a brazing material that is melted and bonded according to
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the brazing material, so that the core pipe thickness can be reinforced. 20
With the heat exchanger according to embodiments of the, present
invention, the brazing material in a paste form is applied to the winding
pipe wound around the core pipe, and then brazing is carried out, for
.example, in a furnace. As a result, the dented portions fornied on the
Embodirggptrls rface of the core pipe can be reliably filled with the brazing

mterals Whish-ray:.consesuentieaiminaieia paaf-gontrctaggen thecording
.core pipe and the winding pipe. 25 In addition, even if the wall thickness of
Embodimenttting portions of the core pipe is made thinner in the process of
fBigaieg Thalpsaiaelonsstagmdhemwaldhigkiess afdien-RiRiesHRABOHORS ording
Embodi of the core pipe, the dented portions formed on the outer surface of the
moo %ipe may be filled with the brazing material, so that the core pipe

thighness dantadeiafveethd RIEHRESERIP THNOntHERRAVMNG Sording
Ermbodi 30 I?igure 1 is a schematic diagram of a heat pump water heater. Figure 2
MbOCIRER Sk hematic diagram of a water heat exchanger. Figure 3 is a plan view

DESCROPEICONQIDE HHOREFE ISEMEN IS0aB 088 of section A-A in Figure 3.
1 llzli{(jzjturetg iIIustrates.? brazing material that is melted and bonded according
to G“Emﬁ%ud)lﬁ%gﬁlﬂ. Figure 6 illustrates a brazing material that is melted
100 &rdt pongedd@abearding Embodiment 2. Figure 7 illustrates a brazing
5 géatterial thgrtlgts melted and bonded to according 5 Embodiment 3. Figure
iftuStates & brazing material that is melted and bonded to according
30 Brbotientchaie SCRIPTION OF THE REFERENCE SYMBOLS | hot
ter supply unit 10 100 heat pump water heater 2 heat pump unit 30
31415 1%21?2? hegéjrgfclﬁ%nger 31,41,51,61,71 core pipe 311 water inlet 15 312
311 water mlttet 313,413,513,613,713 projections

312 water outlet
313,413,513,613,713 projections
314,414,514,614,714 dented portion
32,42,72winding pipe
33,43,53,63 brazing material
52,62  straight pipe
DETAILED DESCRIPTION OF THE INVENTION
<Embodiment 1>

The heat exchanger according to the present invention will now be described based
on the attached drawings and the embodiments. Figure 1 is a schematic diagram of a heat
pump water heater in which a heat exchanger of the present invention is employed. In the heat
pump water heater shown in Figure 1, water is heated in a single pass from about 10°C to
about 90°C over a long time of period in order to efficiently use low-cost nighttime electric
power. Here, the heat pump water heater comprises a hot water supply unit 1, and a heat pump
unit 2. The following are successively coupled in the hot water supply unit 1: a service water
pipe 11, a hot water storage tank 12, a water circulation pump 13, a water supply pipe 3, a core
pipe 31 that constitutes a water heat exchanger 30, a hot water pipe 16, a mixing valve 17, and
a hot water supply pipe 18. Here, service water is supplied from the water supply pipe 11 to
the hot water storage tank 12. Low temperature water is supplied by the water circulation

pump 13 from the bottom part of the hot water storage tank 12 to the core pipe 31 of the water
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314,414,514,614,714 dented portion 32,42,72 winding pipe 33,43,53,63
brazing material 20 52,62 straight pipe DETAILED DESCRIPTION OF
THE INVENTION <Embodiment 1> The heat exchanger according to the
present invention will now be described based on the attached drawings

nd the embqdiments, Figure 1 is a schematic diagram of a heat 25
heat eXCE‘a?ﬁvaeﬁt@fﬁg%F#n G SEBGE PR S2BE oA ot veter
storage @niplQyehd hidietbeatpimprvatesbeater shawrol FHeguipdrs ;\iﬁﬂtﬁf i hot water
eated in a single pass from about 10C to, abput 90C over a long time of .
soraze o T IR SRRB AR LCe RSB R R obvEl Fapete pie
19 by ththevixéag pulivp Waltihedidngenpeisesephibiavater supRivtuni &f @8dwbplied hot

eat pump ,unit 2.. The following are successively coypled in the hot water
water, WEbCE‘p% Suuﬁ% ]if::r&a% etp\ﬁgée\ﬁlg%\ilh 5%(6[@'9&?5? lépﬁbf Rs}la?eﬁgtorage tank 12, a
\Watet, chieubatiopoum s, iwatervsdnrblwigipe 3ckigoretpipeddtihalcircuit that
com .Scogstitutelg, SaSV\r/aﬁr &eat e cl'}?nger 0, a hog\jvater ipe 16, a ixiggﬁval e .
PHSE 8 T E Aot Water SupBiy pife: 18 At sarvite 1SS0 Bpife an aw
heat exclivageatet, sebiply pipedhhdotethechotnvialéy bioragtntink pipel 3 The refrigerant is

temperature,water is supplied by the water, circulation, pump 13 from the
compres e RO vkl S RIE Bl 1316 ot bipes oot heveter heat
exchangeralér Threatfeehangehd®, had heateckchbingdieaiethdotavatéicfiowscintoper 30
he uppgr part of the hot water storage tank 12. The high temperature h _
passes O R AN e acli® A e . The
refrigeraterbratrhvabenpipenlhéswmizeokdivigs, telabloh watet of ehniked thatengipssor 21.
the.mixing valve 17. This mixing valve 17 regulates the temperature
0 %%esruheﬁps)hgé(é]%g{n tl\?vzai{léirg,I\a/}'v iC Pitsg %L‘j%agﬁ%([} et%{t ech%neg ry%%é%g}ev% d pump
water hestgpphpibe i i Exguthel hdet parphenit Xihprguidédovittpasesfiigecant pipe 31
' i irgAli t ri a compressor 21, the water heat _
and the Qe RS, B SELS S3Phed a8 AR 5 he same
plane, angHiohrare vetiaetsd sebuditaynding wipa iy pindidd]Theuesdriyerandt ise outer
. f pregseg.to.g igh pressu the ressor 21, and,is thep sent,to
c?rcum eﬁ?éﬂ water he%tclo exc a%gczrg%%r h% rré%zl errglrllit'3 vyﬁ%ssag%ggt vg]ggﬂler’ {he outer
circumfessatarigéel oh trespiark o hidut @xchiapydl 302 pesemihrdlghativbtbxpemsioride of
the spiral BV ReALinRYRRIIED {906 A NAGh &%l D RTARANe: 30, the
© 'Splraabs_or[os Ef:1eat from ﬁ?g gs_%rro%%%\%%g 'Sg‘r{]lg?:%? %%%%a‘fveaseﬁglgétggﬁgn ger 30, the
refrigerapbipidesbe 20 iKingr o s B sthemdtitodihgreafrigh thet vimltdr Hiatom the A22

.direction?métgp ﬁ@&?%ﬁﬁ?&qﬁ%@&_%“?éﬁ%%&%ﬁfe%lf el H}“ '%}ilgurr&r%getpa%t outlet

water heat exchanger 30 comprises the core pipe
321 in the A2] direction. The service water supplied into the water inlet 311 from the All

direction is heated by this heat, turns into hot water, and flows out of the water outlet 312 in
the A12 direction.

Next the core pipe 31 is described. As shown in Figure 3, this embodiment uses the
core pipe 31 having an inside diameter D of 8 mm in which projections each having a height
HI of 1 mm are provided vertically symmetric at a 20 mm pitch in the pipe axial direction on
the pipe inner surface. Figure 3 illustrates only projections 313 provided upward when viewed
from the paper surface direction. In addition, flat surface parts 31a that are not provided with
the projections exist on the inner surface of the core pipe 31. Accordingly, the heat transfer
coefficient is improved because of the projections 313 provided inside the pipe, which
consequently improves the overall performance of the heat exchanger.

Figure 4 is an enlarged view of cross section A-A of one of the projections 313

provided inside the core pipe 31 in Figure 3. Here, as for the core pipe 31, when the wall
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15 and the winding pipe 32. The core pipe 31 is spirally formed into an

oval shape in the same plane, and forms a water passage W. The winding
pipe 32 is helically wound around the outer circumference of the core 31,
and forms a refrigerant passage R. Further, the outer circumferential side
of the spiral of the core pipe 31 is a water inlet 311, and the center side of

thicknesyyis SoPR3SPthRTEETH AR HR IS 0%t ark Jhtdiigh Ahe RFRiSRUEs are not

formed ae@tmba@gﬁr whidhao ;ﬁﬁfj&ﬁ@i@t NSderéheowirdinthP PRBZKICNERIOL the

. ther rant inlet.322 from the A22_ direction, and radiates heat,
portions &y, f@%}h DrRIRETeRgh ﬁffﬂg%e SeMGEERPOTIReS 93 he tAE pipe,

where thA 2 llifigiclianssTb eh&emcﬂmvat@ﬁgﬁﬂﬁﬂl@fé e helwakersa ﬁeﬁaédfrom t?e
direction i eated eat, turns into hotwater outo

HECTFERER GOIOTED Th TR, TR SRR QO acR @l aralty of

winding @eseriPRM Asrs h&\Nﬁ&H}fﬁt@Mﬁi %Iﬂﬂﬁdﬂﬁ&@dﬂ&?@%lﬁefatbﬁzﬁ% enaREa 13 in a
having an jnside diam ]‘8 mm i ] ctlo each having a

inear Fo3 i SP<R ST, SURILES BB oy n A & 5 A ot in @

furnace ¢het pipeayidiidicoctio rplnmlttyeqﬂ paidngs sipdace, Bydre Belitgikates el round
projections provided upward when viewed from the urface

the core BRI R AR MAE Sl hFAcARE ST i APERER B b R sgelically

arrangedth@opsojpetinlys iexish be ﬂ]ﬁib’lﬂﬁfoSdiﬁlm afiheiegre:pintaBieheeardinghte pipe

4 th the Cpeat transfer coefflc ilmpﬁgS because of ?ﬁeg prOJe Ilons 13 first

and e Bigvided iRside the'p pFﬁe WHIER 8o e&ﬁéﬁﬁ%ﬁ?ﬁ}ﬁ% tﬁ% orm s firs

disposedpmfdﬁmpmeimjz thfe\heﬂﬁ@(qah;mgm, B@w&uﬂdsmﬂl&rgedmnweﬂecm then

b section }j ne of the ctions 313 p ojvided g grﬁe] core, gég) -

razing i Cﬁmure 3t ere lségaf%r’ € C(I)ar‘ze1 8ﬁ“when e Wall ﬁ?ﬁé o
dented pomnpaﬁelé kiemaeheth@ﬂimslfﬁame @m&e@&xﬁlm withiahdhegorojelelinns afevhich
the Iura& {an‘lﬁe andi %gnﬁ are C %B\foﬁnﬁtlons 351%861 (r:%rforme%l ?15 ossfnle
p kness o thers por ions’in W |c1hat pro;ectlons 148 p
to mmprahentier. béazsugmﬁ@'tms oﬁnhadchumlplqiw brdrbre thetyvadl tdmﬁlmeéglshe heat is
reliabl éhlnn %hStr(?e ) }P 51k aII h%? ed ge%TQer?&?I& Thus, the
Y Bhown'in F igure wﬁﬁ he h exc anger G ih Wthh%. qura ity o™
dented pwindisgfpiped 32, 3}3 @ltédneiw&lb,ew@uhd avoupibtheasdre pibabBA filled with the

. i f fi td th din
e PP ARG L RS L0 OO BBER
winding pipealkty @fdnmd;mgfmpégirsmalz @une@mha@lﬁpmtmmgmndnﬂﬁ tre@ippipe is
made ﬂl%t;lli;eqn%th & é?&'(? 'ngﬁ%\ﬁll eqh t\%ﬁﬂ% ons 13 thgﬁ l{jlckness of

elically 10 arranged. Consequehitly, it |cutto sposea razing
non-proj matmamemeefrthhscm @mp@eaimmpmnqm@nmdmammm surface of the

core pzpe ?fﬁéﬁ &H&Q{ézﬁ}gzﬁﬂ%g{é%ﬁ' I'tﬂgaé'oﬁtﬁlég {Hzctlﬂ%gg 1§n Or;ﬁh%rced

plurality of winding pipes Woun aroun core pipe 3
thus the reduction in strength of the projecting portions can be prevented.

<Embodiment 2>

In Embodiment 2, as shown in Figure 6, with the heat exchanger in which a plurality
of winding pipes 42, 42 are helically wound around a core pipe 41, a brazing material 43 ina
paste form, which is contained in a container 45, is applied to the winding pipes 42, 42, and
then brazing is carried out in a furnace (not shown). In this case, the brazing material 43
melted by the heat will be poured into dented portions 414 due to the capillary force.
Consequently, with the heat exchanger in which the plurality of winding pipes 42, 42 are
belically wound around the core pipe 41, it is possible to improve the brazing efficiency. In
addition, the brazing material melted by the heat is reliably poured into the dented portions

and bonded thereto after being cooled down. Thus, the dented portions formed on the outer
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brazing is carried out. In this case, the brazing material 33 melted by the

heat is poured into dented portions 314 due to the capillary force.

Consequently, with the heat exchanger in which 15 the plurality of winding

pipes 32, 32 are helically wound around the core pipe 31, it is possible to

improve the_brazing efficiency. In addition, the brazing material melted by
surface ??:5

NGeSiTRs PIRAEY Podrdabhtdilire daittethn Sasie anpt Bitiaatisie ey equently

eliminatéftehbeingactadtawn tfihusidhepdented HdAtianserprethohieRUIRn if the
urface of the core pipe can be reliably filled with the brazing material,

wall thickpess, A Qi SR P EH RN A B R0 50 PSR S (BT G R s Afdorming
the projdteoa® tinding pietHiiaddition nexeid{dheny b hinknesmhefpiejgRinghe dented
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portions JoxRed g R AP e WATHH RKHLSSCBY R BFofebhg Do frerbifeial and
the corepfitgs theckested polionsidsrned amiheheutemsidact ofttbey GO MRepasRcting
. filled with the brazing material, and the core pipe thickness can be
portions, ¢ er@é?i‘fe% the reduction in strength of the projecting portions can be

<Embodiptexeidted. 25 <Embodiment 2> In Embodiment 2, as shown in Figure 6,

ith.th at exchanger in which.a plurality qf winding pipes 42, 42 are
SR EERORTGEE atoh At tte B o oA AVl 45 4 oo forms
refrigerafarpasedaiciRisscontainethiting goptabne mdSrdehppliesd ta theovindinlg, pidds a heat
42.42, and then brazing is.carried outin a furnace (nog,shown). In.this
exchang S0 S RipY StoNat 45750 1SS e RERLI o ARERA D e ove
surface afentedeportohs tidfdrete thetaspillsayfvcélefepndearieptiyatsithl th®in a paste
. heat exchanger in which the plurality of.winding pipes 42, 42 are ically .
o i T B O 2 A VA BV 0 g e ok i
51, and effiti@pby pipe ddtitodistheddraningcnaterigipmsliedhy fivadiratissaatimdput in a
oured into the,dented portions_and bon theretp. after being cool
ramace B S P R i R SO e SRy o
into the clongegipertanhé I lmidybfiidddiitierthie bfezibgingateribid wihigh. Thus, the denfed

; sequent! imi S.a poar tact between the cqre pi nd.the . ‘
porions oo QA naL P e SRR RIS it o

brazing whthdaddrd pipects mastethinhercimtnetprocpesrofdotmirst theprbiectiongipe 51
d the B e wall fhickness of: Ran-projectin rtiops of.the core pipe, the 3 are
snd the B el S P RIS S BBy 10 o
made thiwiy thelsrgrasgsmatdriahinpdherergortipipetiisidenassicatidoe fdihforoed] on the
ter suffid® HGHedyaligninstrancin ol ePiRiaging, Porl be RIEVENEd, b
o sl JSJEUVEID S0l DR PSS 8 RGO
thicknesguioa b2 wiafdoreds Bhusthe frigeciisnpasseayetR of Hot povinoing figkequbiections
513 can gggjrgp&ﬂ@p In other words, with a heat
<Embodiment 4> '
Further, in Embodiment 4, as shown in Figure 8, a heat transfer tube 62 that forms a
refrigerant passage R is not a winding pipe but a straight pipe. In other words, with a heat

exchanger 60, a straight pipe 62 that forms the refrigerant passage R is disposed on the outer

-surface of the core pipe 61 that forms a water passage W. Here, a brazing material 63 is

disposed between a core pipe 61 and the straight pipe 62 in advance, and then brazing is
carried out in a furnace (not shown). Dented porﬁons 614 work in a similar way as a capillary
tube. The brazing material 63 melted by the heat is poured into the dented portions 614 due to
the capillary force. Thus, a complicated process of applying the brazing material for each
dented portion can be avoided, which results in improving the brézing efficiency. In addition,

the brazing material 63 melted by the heat is reliably poured into the dented portions 614 and
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exchanger 50, a straight pipe 52 that forms the refrigerant passage R is
disposed on the outer surface of a core pipe 51 that forms a water
passage W. Here, a brazing material 53 in a paste form is applied in
advance to dented portions 514 formed on the outer surface of the core

pipe 51, and a straight %a 52 is disposed on the core pqiie 51, then
bonded Hyersigoalex hiigg GOPIRCPE Tarhate (6t aReson oA Ghdy e branitly outer

surface BRtGHaLER npaited bycihie beatismliahlyeaousssl dodReieiedRRItigns which
514 and bonded thereto after being cooled down. Thus, the dented |

COHS@Q“B%‘JMR%&%%W&B%’%B E‘?’%%}fg}ée@?fﬁﬁl%’%éﬂe%@%i%%ame 62.
reliably filled with the brazing material 53, which consequently eliminates
a poor contact between the core pipe 51 and the pipe 52. In addition,
even if the wall thickness of portions with projections 513 are 20 made
thinner in the process of forming the projections, the dented portions 514
formed on the outer surface of the core pipe 51 are filled with the brazing
material 53, so that the core pipe thickness can be reinforced. Thus the
reduction in strength of the portions with the projections 513 can be
prevented. <Embodiment 4> 25 Further, in Embodiment 4, as shown in
Figure 8, a heat transfer tube 62 that forms a refrigerant passage R is not
a winding pipe but a straight pipe. In other words, with a heat exchanger
60, a straight pipe 62 that forms the refrigerant passage R is disposed on
the outer surface of the core pipe 61 that forms a water passage W. Here,
a brazing material 63 is disposed between a core pipe 61 and the straight
pipe 62 in advance, and then brazing is 30 carried out in a furnace (not
shown). Dented portions 614 work in a similar way as a capillary tube.
The brazing material 63 melted by the heat is poured into the dented
portions 614 due to the capillary force. Thus, a complicated process of
applying the brazing material for each dented portion can be avoided,
which results in improving the brazing efficiency. In addition, the brazing
material 63 melted by the heat is reliably poured into the dented portions
614 and 10 bonded thereto after being cooled down. Thus, the dented
portions 614 formed on the outer surface of the core pipe 61 can be
reliably filled with the brazing material 63, which consequently eliminates
a poor contact between the core pipe 61 and the straight pipe 62. 11
CLAIMS 1. A heat exchanger configured to exchange heat between a first
fluid and a second fluid, comprising: a core pipe configured to form a
passage of a first fluid and provided with a
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plurality of projections that are formed intermittently at a constant pitch in
the pipe axial direction on the inner surface thereof by pressing the outer
surface of the core pipe, and dented portions that are formed on the outer
surface of the core pipe; a winding pipe configured to form a passage of a
second fluid and being wound around the outer surface of the core pipe;
and a brazing material being poured into the dented. portions located in

ClthBncinity of the winding pipe. 2. The heat exchanger according to claim

1. & pher '@h%}% ingomateriplis. %@Zﬁ%% 3\ R ARAtE IR, Ygthd
%appﬁié% tot g%%e)ntg’g}gortions dﬁ?t e core p?é%r%n advance and then

flunkkethpngtsonded thereto. 3. The heat exchanger according to claim 1,
WhEEen e DAZiRG MaSHaLS A LiAEng MAlGNAHD ABSAIHIMICKE -
disposed” between'the core pipe and the winding pipe in advance and
thehurglitieled Pemertbodéat therdtomed THemedtcalchaing spagebtdifightén the
clajm.L, wherein@.nips apriigured o fonmibgmasspaeinl e seeend.fid of

is a straight pipe; and the brazing material is a brazing material in a linear
foilf¥; omsichins. disposattdnothenyiairgcpipened widhe ouitd sHeassralphsecore
in g\@nce and then melted and bonded thereto. 5. The heat exchanger
according to claim 1, wherein the brazing material is a brazing material in

a pastedo@minhichk izamsslisditethe PaisEnG bipecwrodnivad s dbaeecorand

pig Jhadyanee.ARd then melied:ane,bopded thereto. 12
a brazing material being poured into the dented portions located in the vicinity of

the winding pipe.

[

. The heat exchanger according to claim 1, wherein
the brazing material is a brazing material in a paste form, which 15 applied to the
dented portions of the core pipe m advance and then melted and bonded thereto.
3. The heat exchanger according to claim . wherein
the brazing material is a brazing material in a linear form, which is disposed
between the core pipe and the winding pipe in advance and then is melted and
bonded thereto.
4, The heat exchanger according to claim 1, wherein
a pipe configured to form the passage of the second fluid is a straight pipe; and
the brazing material is a brazing material in a linear form, which is disposed on
the winding pipe wound around the core pipe in advance and then melted and
bonded thereto.
3. The heat exchanger according to claim 1, wherein
the brazing material is a brazing material in a paste form, which is applied to the
winding pipe wound around the core pipe in advance and then melted and

bonded thereto.
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