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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 pigemmipﬂing pipe that is wound around

the outer surface of the core e BACKGROUND ART Some heat

exchangers used for air ¢ M@ﬁ&ters and the like are 10
TECHNrouWdstkwitiya core pipe that forms a passage of a first fluid, a winding

pipe that is wound _around the outer surface of the core pipe and forms a

ﬁgeéasssrfa%saﬂama%ﬂtswa hOs RS M?I&éﬁﬁﬂéj@élweére present
inventiddehMeR”n %eaf"ﬁééiuéiﬁﬁﬁig@ﬂ ssepridiflpid. EorexammayidpriieRiRe that are

heat exchanger |s used as a heat exchanger for a water heater such as a
formed aat5U R WAHS Ho e o afrﬁéa%ihﬁa%&e et s ﬁgﬁvrafs paRe, and a

winding@pGes €haing WM&MQW@%&M@%@RH@M@@&@@ pipe through
BACK \i%h the refrigerant flows. These two pipes are spirally wound into an
G used as one heat exchanger unit, and a main body of the

hS@h@Wﬁf&g@h@é@f@&@b@yﬁuﬁmlb@ﬁ&m&mgrngraaeld Emeeg:tml ahe like are
er of such heat exchan er units r. For f rml ain
providef Gt SRR AL B AP 8t ETISE ) e bAb RG i dhch s wound
around Heabexehan@et isffaimestdyispially Wineing pavsinding als&afﬁufﬁd]é’paihﬁa heat
out rcrrcu ference of a jig that corresponds to a ore out the
exchangy S8 (XTSRS efnATY e Bolsr e eCH AT A B R . o
double pitndirg: RiRthhoey. inuetliion hanetwtrigehfiologydiastean prdpasadier puinp

eat tra sfer erformance of a core p e used in.ahe
water LG T SRhCIOGy ErofEo R e o 8 R ARy i
flows aﬁdrﬁaaerﬂﬁnmgxpermpghbw]mresmagrﬂﬁegetrIef ﬂmﬁac&bémemr@@pmpmﬂy

wouns ARSI L EAL a1l 255 e (CAOMPIEDLE) e e
exchanderd BsINWINTION mutually superposing and connecting a number of such beat
exchanger units to each other. For forming 2 main body of a heat exchanger, a technology has
been proposed in which a heat exchanger is formed by spirally winding a winding pipe around
the outer circumference of a jig that corresponds to a core pipe, pulling out the jig so as to
form a winding pipe body, and inserting a core pipe into the winding pipe body. In addition,
another technology has been proposed to improve the heat transfer performance of a core pipe
used in a heat exchanger. With this technology, projections are provided on the inner surface of
the core pipe by pressing the outer surface of the core pipe so as to improve the heat transfer
performance (Patent Document 1).

Patent Document 1

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

However, when a heat exchanger is formed by spirally winding a winding pipe
around the outer circumference of a jig, pulling out the jig so as to form a winding pipe body,
and inserting a core pipe into the winding pipe body, there 1s a risk that a poor contact may be
formed between the core pipe and the winding pipe, consequently reducing the heat transfer

performance. In particular, when a core pipe having projections that are formed on the inner
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<Problem the Invention is to Solve> 30 However, when a heat exchanger
is formed by spirally winding a winding pipe around the outer
circumference of a jig, pulling out the jig so as to form a winding pipe
body, and inserting a core pipe into the winding pipe body, there is a risk
that a poor contact may be formed between the core pipe and the winding

surface&vlﬁe?egp Q}$ Eg%m%th%dg&agsm?apg gk tﬁ’?en&g%f 5@,@1%%[ Qe A”CB?ét{ﬁBE%f a heat

en a core pipe having projections that are on the inner 1
exchangenfatetherdobbyestessitigaisguperisaffasehot therear@pibes isrusedzidaa shape

becausecgfetkféi %‘?o%c@i&?sat{h%%(é; I&ag'gﬁfc §{'th§ &8%@%%2%% %%%&E{HWW&H the core

. such a core pipe has an irregular sha he projections, there
pipe anibthearisinthag @ipooreseaachiyase diecfogriathbetweesicheetorengipe and the

WIREING PP, ARG AR T qdLCings e ri&%%‘ﬁ%ﬂ%%“eﬁ’e{&or&é%ﬁqei the above

Therefore, embodiments of the present invention seek to overcome the
problemapoddopropters dridherirhpreles trefhunetesnefer hnatforehaneerofcanipeiging a core

pipe ha Q%‘gﬁtﬁﬁg’ﬁ@ PESING & ENNRPIBE RAVIRGR rgé?ﬁ}é%nﬁlép@faﬂ? fﬁr&ﬁggoﬁle outer

the inner surface thereof by pressing the outer surface of the core pipe,
surfacegidhg garriirigop R thadisline imeedhot FowhsnsLaerusdthe @ vkt aidage of the core

pipe. EﬂB@diE{QHQ@?ﬂ%‘ﬁ?e@éﬂ*ﬂ&%ﬁﬁ%ﬁ@%%@ﬁ AAS0.36EK IRIGYIHR A REMAring a

for manufacturing a 10 heat exchanger that has a good heat transfer

heat exglsmgeimdat BasyvrapdshrSEvalehePigbieRss. According to a first aspect of

<Meanil§ REESENMLIBYENQR. there is provided a heat exchanger comprising a
core pipe having a plurality of projections that are formed on the inner

syrrseEt ity pressing the seterisuMaEosf thacsrergipecariongat exchanger
compri ¥¥RANG, RGO Ak s ywarpd aioyngk Iedae e sviaceah e £OR-RRG: surface

wherein the projections are formed intermittently at a constant pitch in the
thereof fip grassitaifsctignT tveeesolibe 104 Ribhard parintiocaPhsniighis; tawnd around
the outtQlBiddace @FtheWipHNg PiRG: IS IHEPHACLHAIR the qIRAUITRGE9h IRy at o

core gipe without any gap therebetween at a bending center portion of

constanghaitsaripghg; Pipfd akalotisr donidbe 6P1nAIRGIAGIE BRsaiPHoRad R bopepart; the

outer sQYABE Syiace Rlitne sA%e RIRE R ARRAINhMalgLahatihe .26 PeRAiNgpe without
center portion of the bent part. Here, the core pipe of the heat exchanger

any gamggem‘@ﬁ%}@ fhAERiREFRNRT BRTHY iphRe bent part; and the outer surlace of the

winding pipe is bonded to the outer surface of the core pipe by a brazing material at the
bending center portion of the bent part.

Here, the core pipe of the heat exchanger has projections that are formed on the inner
surface of the core pipe. Accordingly, the heat transfer coefficient may be improved because of
the projections provided inside the pipe. which may conseguently improve the overall
performance of the heat exchanger. On the other hand, when the winding pipe is wound
around the core pipe and then the core pipe is spirally wound into an oval shape, since a
cross-section at the bent part of the core pipe has an irregular shape because of the projections,
there may be a risk that a poor contact may be formed between the core pipe and the winding
pipe, consequently reducing the heat transfer performance. However, with the heat exchanger
according to embodiments of the present invention, the outer surface of the winding pipe is in
contact with the outer surface of the core pipe without any gap therebetween at the bending
center portion of the bent part, and also, the outer surface of the winding pipe is bonded fo the
outer surface of the core pipe by the brazing material at the bending center portion of the bent

part. Therefore, a poor contact between the core pipe and the winding pipe
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surface of the core pipe. Accordingly, the heat transfer coefficient may be
improved because of the projections provided inside the pipe, which may
consequently improve the overall performance of the heat exchanger. On
the other hand, when the winding pipe is wound 25 around the core pipe

may n&”ﬂeﬂ“{%ﬁﬁQ& &P rﬁéﬁkpﬁt'%@'@%wg %t'&t_op@ﬂig}{abﬁhﬁpebéipiﬁﬁ, which may
cross-section at the bent part of the core pipe has an irregular shape

consequssthiserst théhplojelcioryertheremandse a risk that a poor contact may
be fQ Qgtgvseeggn@gsgggg&i%and the winding pipe, consequently
reducing the heat transfer performance. However, with the heat
exchanger according to embodiments of the present invention, the outer
surface of the winding pipe is in 30 contact with the outer surface of the
core pipe without any gap therebetween. at the bending center portion of
the bent part, and also, the outer surface of the winding pipe is bonded to
the outer surface of the core pipe by the brazing material at the bending
center portion of the bent part. Therefore, a poor contact between the
core pipe and the winding pipe 2 may not be formed at least at the
bending center portion of the bent part, which may consequently improve
the heat transfer performance. According to a second aspect of the 2a
present invention, there is provided a method for manufacturing a heat
exchanger including a core pipe and a winding pipe, the method
comprising: pressing the outer surface of the core pipe so as to form
projections that are formed intermittently at a constant pitch in the pipe
axial direction on the inner surface thereof; winding the winding pipe
around the outer surface 5 of the core pipe; bending the core pipe with the
winding pipe being wound around the outer surface of the core pipe; and
brazing the outer surface of the winding pipe to the outer surface of the
core pipe by a brazing material. When a part provided with the projections
is bent, since a cross-section at the bent part of the core pipe has an
irregular shape because of the projections, there is usually a risk 10 that
a poor contact may be formed between the core pipe and the winding
pipe, consequently reducing the heat transfer performance. However, with
the present invention, the outer surface
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of the core pipe is pressed so as to form the projections on the inner
surface, and the winding pipe is wound around the outer surface of the
core pipe, and then, with the winding pipe being wound around the outer
surface of the core pipe, the core pipe and the winding pipe are bent 15

t i ikerin or o-bend the core pipe. Such a method. ..
s S L L SRS LA i
core pipgterbarfacdiof thipeotks pipghwithtom ammngaprtisebbtweetaratusast aff the core
: t ' : DQrth t e t comes into contact. with .
v 18 RS R Y BROSLEAT 2 LSNP B v
axial dpegiasopdbe besyeariatetbor fipdratiokthe windimg pipe smayddahbeuter surface

of the $8¥@S$ewﬁéﬁﬁlﬂ}g%8 UirE %%%”%}?%é”lﬁﬁ?&éﬁ%héjﬁ%et%ﬁr@ r\}%‘gﬁd around the outer

performance. In-addition, when a part provide the projections’is
surfacepydrihcacirypiphsfonchbrigimaribie brsekagdansayf deewrindmgonraiethortiver surface

of the Cgpetgﬁ)g)ggﬁg sHiFace i the core pipe during the bending process.

Therefore, conve'n. ionally, the bent part is not provided with the .
projeeticnBarap vdeslimpholentenicofithe ehettantfer perfoimantenbyt the bent

part of @?}%a&ﬁeofntﬁ@ ﬂ?ﬁi@@@%ﬁ%@&?% d%?%%v[?é%%g%%sb %ﬂél@%rt'usualgﬁf a risk

However, when the core pipe and the winding pi 'en"g together wi
that a peRy WA PREBdRTMbbeivasouhe thes qunsrarfheeohdireqore pipesequently

reducin %@H@dﬁiiﬁ{g%}%m&weﬁ%&ewwh%@ ?&QJ‘R ﬂ?v@ﬁ%\é%n%}?e Igﬁ%&% surface

eformation and breakage at a concave portion on the outer surface o _
of the aprs pipe isipecsindriy tictdsorainthp ryeEsssicavemithenisrs supiaceisapdolideddnding

pipe is Wil RRI8eHODR S QFHILBES LMy LEPOSSIRIRLQ IMRRAYe mﬁﬁlﬁg%épe being

transfer performance by brazing the outer surface of the winding pipe
wound giaws\skdhe gHige swape ot sipe ByphdhsragiisginatmbithinvoriBngoplsnere bent

togetheN&FRE RIS AKBEVURAING BB NG RF A0 BROEESSeACPIN0R By the outer

embodiments of the present invention, 3 there is provided a hedt .
surface ofdRangerEsmiMsing alesRIiFeTitiRg hiehrofSetionstiatareifrmighiout any
gap thelRIRENEIANIN AL PLANSIRABRICEN P S RIRG: RO AHSFIAN MR INBE o contact

surface thereof by pressing 3a the outer surface of the core pipe, the

with 2 jighchhg! BipE tad feht e derdingrewatepastiqacel ghe bent part, a poor contact

between the core pipe and the winding pipe may not be formed, which may consequently
improve the heat transfer performance.

In addition, when a part provided with the projections is bent, a large deformation and
breakage may occur at a concave portion on the outer surface of the core pipe during the
bending process. Therefore, conventionally. the bent part is not provided with the projections,
and thus improvement of the heat transfer performance by means of the projections has not
been achieved at the bent part. However, when the core pipe and the winding pipe are bent
together with the winding pipe being wound around the outer surface of the core pipe, the
overall strength may increase so that it is possible to prevent a large deformation and breakage
at a concave portion on the outer surface of the core pipe during the bending process, even if
the bent part is provided with the projections.

Fusther, it may be possible to improve the heat transfer performance by brazing the
outer surface of the winding pipe to the outer surface of the core pipe by the brazing material
in order to bond the core pipe to the winding pipe in the brazing process.

According to embodiments of the present invention,



the core pipe, and the brazing material by which the outer surface of the
winding pipe is brazed to the outer surface of the core pipe, wherein the
core pipe includes a bent part that is formed by bending the core pipe
with the winding pipe being wound around the outer surface 5 of the core

. bodir e ion, th re- pi [ -RAL
e i e b DAIE e ertoe by GBS aeb ot ae
formedwithrthdtoviddinippipesisaing Woundearpgria iHalvatdosurdbe vhthewdage thereof
by pl"eSBiIP?’ so that it may be possible to wind the winding pipe such that the

oufer surface of the winding pipe comes into contact with the outer surface

of the 10 core pipe without any gap therebetween at the bending center

portion of the bent part. <Effect of the Invention> As described above, the

following effects can be obtained according to embodiments of the

present invention. The heat exchanger according to embodiments of the

present invention is provided 15 with the projections on the inner surface

of the core pipe of the heat exchanger. Accordingly, the heat transfer

coefficient may improve because of the projections provided inside the

pipe, and the overall performance of the heat exchanger may

consequently improve. In addition, when the winding pipe is wound

around the core pipe and then the core pipe is spirally wound into an oval

shape, since a cross-section at the bent part of the core pipe may have an

irregular 20 shape because of the projections, there may be a risk that a

poor contact may be formed between the core pipe and the winding pipe,

consequently reducing the heat transfer performance. However, with the

heat exchanger according to embodiments of the present invention, the

winding pipe is wound such that the outer surface of the winding pipe may

come into contact with the outer surface of the core pipe without any gap

therebetween at the 25 bending center portion of the bent part, and also,

the outer surface of the winding pipe may be bonded to the outer surface

of the core pipe by the brazing material at the bending center portion of

the bent part. Therefore, a poor contact between the core pipe and the

winding pipe may not be formed at least at the bending center portion of

the bent part, which may consequently improve the heat transfer

performance.
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30 The method for manufacturing a heat exchanger according to alternate
embodiments of the present invention comprises: pressing the outer
surface of the core 4 pipe so as to form the projections on the inner
surface; winding the winding pipe around the outer surface of the core
pipe; and, with the winding pipe being wound around the outer surface of

the outlPSIGRI&RIPELLENGI %UJ%%%&&B%@ %EMMB%%%&SQ%‘ggéyﬁ@a@m of

jig or like in order to bend the core pipe. Such a me may / The o
the corg nEesufd cEotsingnaRigrsh ey Sibite theconteictwitisthef 4houtding pipe is

brazed %&ﬁ%cmértgﬁr%@cﬁ* B%W%%ﬁa@?%ﬂ&@i%@ letgvgl 2 %JR@%& 3 lBQSt part that is

bending center portion of the bent part that comes'into contact with ajig
formedihtihgsengity proeceirs Tidrferaingding airabeine bepididguseme thsoptitn surface
of the c%?é'}!ﬁ}p@?m part, a poor contact between the core pipe and the winding

pipe may not be formed, which may consequently improve the heat

trihsfabogipEyisT el nreatemiche Whsnpippartproliitet Mithaié a bent part, In

additioR"RIETHANS 5 ReRirAdange %@Hf? aiiopAnd; reakiage Wdﬂ%ﬁceﬂfggt&in gé wound

concave portion on the outer surface of the core pipe during t endin

around pheaker THEFGTE heorvEtiBhally e bely darPieshiblpiovited thithvinding pipe
such thif m@%@&%uﬂﬁgett}?‘%mﬁﬁﬁgﬁ% AbHhe heR! (RRRer RETRIHRARFS MAce of the

_means of the projections has not 10 been achieved at the bent part.
core pipgAEASE Ak eRRHBCERa PisE ahtrerhendimgingnitp et behthebpthpitivith
<EffecttBeinangdingsipe being wound around the outer surface of the core pipe,
the overall strength may increase so that it is possible to prevent a large
ﬁ@c@ltgodlments

dérofisstitishapprediade latine sHeaecpo RO ANGHIRS Se@H S

of the fREAOIRRIRRAUrNG the bending process, even if the bent part is provided
with the projections. 15 Further, it may be possible to improve the heat '
traRSFBFPETOHRETE LT BTAY fRbOtifEPXardcEGPIRERfAg jipdsrovided
with thihgQetebadidacaofihe caraaing v the-Prmgingrmatedal do.ardertolentingty,

the core pipe to the winding pipe in the brazing process. The heat

the heapansish SPeEidraITgAL BIRBOG RIS 6 THED REQISSH RRePshin BAashs pipe.
and theHREQVEMSNLalhe: haalhbansiesRAHRIMaNGe SHIGeARAR GARIBCE. In addition,

when th%e\t»vvivnecgggt g?pg%gev\%ggdaaq‘gund the core pipe and then the core pipe is spirally wound
into an oval shape, since a cross-section at the bent part of the core pipe may have an irregular
shape because of the projections, there may be a risk that a poor contact may be formed
between the core pipe and the winding pipe, consequently reducing the heat transfer
performance. However, with the heat exchanger according to embodiments of the present
invention, the winding pipe is wound such that the outer surface of the winding pipe may
come into contact with the outer surface of the core pipe without any gap therebetween at the
bending center portion of the bent part, and also, the outer surface of the winding pipe may be
bonded to the outer surface of the core pipe by the brazing material at the bending center
portion of the bent part. Therefore, a poor contact between the core pipe and the winding pipe
may not be formed at least at the bending center portion of the bent part. which may
consequently improve the heat transfer performance.

The method for manufacturing a heat exchanger according to alternate embodiments

of the present invention comprises: pressing the outer surface of the core



20 the winding pipe may not be formed at least at the bending center

portion of the bent part. In addition, when the core pipe and the winding

pipe are bent together with the winding pipe being wound around the

outer surface of the core pipe, the overall strength may increase so that it
pipe scaayb&dpossible mgiEplriememnai]largmeieiormmiomamhh@maka@diagepipe around the

Vv rtion on the outer surface of the core pipe during the bend

onter e B TR o SRS S T e ovter
surfaceDE SERIRTHDN mﬁdﬁhﬁlﬁRmeN:@ Snlé’@wevihahrg qsm@mgmﬂagmgm @i or like

p.water heate IS a atlc of

in C’Kk:ﬁeat ex%%%n%%? IEpgugl é isa pl(g)n vieh o? a co}reeoﬁgé %m gu?ggf(“?ndlgg pipe

to be imentialty wittafiged view of the heat exchanger including a bent part. Figure
4(b) is a cross sectional view of the bent part C-C. Figure 5(a) illustrates a
process of forming projections that are spirally arranged around the core
pipe. Figure 5(b) illustrates a process of forming projections that are
vertically symmetrical 5 with respect to the core pipe. Figure 6 illustrates
a process of forming a bent part of the core pipe. Figure 7(a) illustrates a
process of applying a brazing material in a paste form. Figure 7(b)
illustrates a process of brazing the heat exchanger. 5 DESCRIPTION OF
THE REFERENCE SYMBOLS 1 hot water supply unit 100 heat pump
water heater 2 heat pump unit 30 water heat exchanger 10 31 core pipe
311 water inlet 312 water outlet
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313, 413 projections 32 winding pipe 15 33 brazing material 50, 60, 70

bending jig 100 projection forming jig BEST MODE FOR CARRYING

OUT THE INVENTION The heat exchanger according to the present

invention will now be described based 20 on the attached drawings and
outer stdeenbbdiments. Figurathdstaasghematierdiagvanmodialbisatapthinpandies center

. _heater in which a heat exchanger of the present inventiop is emplo eﬁ?%n

portion S B e Hea AR Pt i F b HEBE T g ore o
least aipéssbiimalvoutet @GrtambbtIBGowet. & Ipngr timetaf periockin thedeirtopipe and
eéfil&:lent use Iov%-tcggtfg)llgég me el&c%% power. Here, the heat pu

i , h
the wif Gt walB S Bply SRR SR 2 HBAP Vo S5 0fienster

|
water hi eextg}aéfo%pnses a
perforr@arithe 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 .
pUR T4 S le) RS HES Sbrhe Bl Gt ebec T tierion and
breakagre atayx changer 8Goadavt wattopipe 16 auhixing frakvefl theaoskecaphet during the
: ipe 18, Here, service water is supplied from the water . .
bendin e o B R R B S SRR Focaapigions.
and thsupplied dydhieod sherhsint utatighir3®egompiE flomrttmbottobe pasfafiths has not
t ¢ the cqre pipe 31 of the water heat exchanger
P e e T e ROl TR e B SR AT A e ben
togethayatédh Soragelinpk iR, Fheghighushperatl ehotwatenthat efitadrommetipépe, the
overall Léﬁgﬁétﬂ%gfim?e At yateh §tﬁr“r§(gs%l 619'%0121*6\:/}.'7%1‘} ]%lhlo tewc%g%grgﬂ%%r} 61{3 breakage
mixed with the cold water o%a ixed water pipe %the mixing valve
at a conq@veHisrHiiring ety yedatates tedemparatdysigf the lsupitiggilvotss even if

e e g e e rerigerant oreulating circtt hat
comiphiges anesnpreesupli2 Tothmmeiterthe Ataxthosfge p8dpanaexpanstonzing the
outer s%ﬁh\é% g?t@@ﬁﬁlﬁg Iﬁ?ba{o%ceh@lﬂgle E&%ac‘é@? Ialgrgo%) B%)%Cl%?dtﬁsee gruaezﬂyalrlxyaterial

y a winding pipe 32. The refrigerant is 5 compressedto a high pressure
in ordepip thenddhsprerssipg 19 dreavisnthan ieatitoihdwaieg peatss.

The heat exchanger according to embodiments of the present invention may enable
improvement of the heat transfer performance since a poor contact between the core pipe and
the winding pipe may not be formed at least at the bending center portion of the bent part. In
addition, when the core pipe and the winding pipe are bent together with the winding pipe
being wound around the outer surface of the core pipe, the overall strength may increase so
that it may be possible to prevent a large deformation and breakage at a concave portion on the
outer surface of the core pipe during the bending process, even if the bent part is provided with
the projections.

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 water heat exchanger.

Figure 3 is a plan view of a core pipe.

Figure 4(a) is a partially enlarged view of the heat exchanger including a bent part.

Figure 4(b) is a cross sectional view of the bent part C-C.

Figure 3(a) illustrates a process of forming projections that are spirally arranged

around the core pipe.

Figure 5(b) illustrates a process of forming projections that are vertically symmetrical
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exchanger 30. The refrigerant whose heat was exchanged in the water
heat exchanger 30 passes through the expansion valve 23, and is
supplied to the air heat. exchanger 24. The refrigerant absorbs heat from
the surroundings, and then circulates back to the compressor 21. Figure 2
.. Is a schematic diagram of the water heat exchanger 30 in the heat pump
with respegiH M SQRSPIRE- shown in Figure 2, the water heat exchanger 30
comgiisasi theeake PR ks anduheindnding: pine 32nd BecgipLipe 31
has a linear part A and a bent part B in the same plane. The core pipe 31
isaéﬁ%w (O PHERTRIRS ArPERAEPSIRABBRANASGY Ria g AnerBind da geoute Tomen.
WiPing pipe iBkdsfelisphsavesptaseupdibe cutergisaemierence of the

nd_forms a refrigerant passage R. Further, the outer
DESCE&ﬁ@ﬂ%ﬁ&W@MQ@ﬁ L-$5 pipe 31 is a water inlet 311,
1 arththeaenigpsidenaf the spiral of the heat transfer pipe 31 is a water
100 o#let 312. In the water heat exchanger 30, the refrigerant inside the
wincthgpiBe 55 iinto the refrigerant inlet 322 from the A22 direction,
2 andsapiatgshrat. Subsequently, the refrigerant flows out of the
30 refr%erzlnt outlet 321 in the A21 direction. The service water. supplied into
the W EF T BE3148om the All direction is heated by this heat, turns into
31 haer&@ipeater, and flows out of the water outlet 312 in the A12 direction.
311 N%&gtth?ni:ore pipe 31 is described. As shown in Figure 3, this embodiment
usedthE"&bre pipe 31 having an inside diameter D of 8 mm in which
312 projgetiondeach having a height HI of 1 mm are provided vertically
metric at.a 20 mm pitch in the pipe axial direction on the pipe inner
313, @%’J’r?ace. FPgrﬂlreécéolﬂﬁstrates only projections 313 provided upward when
32 viewst25dem the paper surface direction. In addition, flat surface parts
33 SJbarachl%t %rlgtgotlprovided with the projections exist on the inner surface of
the coréplpe i Accordingly, the heat transfer coefficient is improved
50, o6pedause dithdimgrgjections 313 provided inside the pipe, which
100 cansed 1entﬁgIjrr}[rlllg)lro.\]/es the overall performance of the heat exchanger. In
ac?éltlon,(%ﬂe coré gd.‘,%e 31, which is spirally formed into an oval shape in
BEST HOIHMEPR AARRMINOSAEREREE B8 YENEHBNV, has the bend radius
R-of 40 mm. Here, it is preferable that the hend radius f the . core pipe , . .
e s R O L R G SRR o
on the 4tgcised graviatigsemidr ffoul adwdiithewiienieat Bxehahganto disiangf a heat
pump W ARAAA BLUNPISALPHTIRMAPHISHRL RV B G RS the heas
sectional view of the bent
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
heat exchanger 30, and heated. The heated hot water flows into the upper part of the hot water
storage tank 12. The high temperature hot water that exits from the upper part of the hot water
storage tank 12 via the hot water pipe 16 is mixed with the cold water of a mixed water pipe

19 by the mixing valve 17. This mixing valve 17 regulates the temperature of the supplied hot
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part C-C. In this embodiment, the outer surface of the core pipe 31 having
the inside diameter 7 D of 8 mm is inwardly pressed so as to dent the
outer surface, thereby the projections each having a height HI of 1 mm
are provided at a 20 mm pitch in the pipe axial direction on the inner
surface of the core pipe 31. In other words, dents are formed on the outer
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method for forming the projections, as shown in Figure 5(a), a gear_
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. helically formed, on the inner surface of the core pipe 31. Note that, as

The wing{ge Rt é%"d?eh%?ﬁﬁ%r&é’eﬁsrm@tm AT s SrGRER H the prge 31, and

forms aaxfailpdirestioRsmayRbe detee diycammethodnitondich aigedr iRl ipipiessesk core
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_ water ofitdknBigite giejectianscareneidipieddothersfathoss desaihae abavag pipe 32
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refrigersurfacebthenfate pigfe Elatheradee FipeiB3 thend hedvineing Pike SR water
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water, asdrfbodinentftihe earerpipgdnas amabiside diapadtear. of 9.5 mm and the

%@g{ntgeo ic%?eh;%%eagl 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
H1 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. In addition, the core
pipe 31, which is spirally formed into an oval shape in the same plane and forms the water
passage W, has the bend radius R of 40 mm. Here, it is preferable that the bend radius R of the
core pipe 31 is three to five times the outside diameter of the core pipe 31.

Figure 4(a) is a partially enlarged view of the water heat exchanger 30 including the
bent part B in the heat pump water heater, and Figure 4(b) is a cross sectional view of the bent

part C-C. In this embodiment, the outer surface of the core pipe 31 having the inside diameter
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outside diameter of 6.2 mm, so that the outside diameter of the core pipe

with the winding pipe wound therearound is about 15.7 mm. Accordingly,

a bender having an outside diameter of 15.9 mm is used to form the bent

part. The jig used in this embodiment comprises fixed jigs 50 30 and 60

and a movable jig 70. First, with the winding pipe 32 being wound around
D of 8 manoisténvaudiacerefsasesecte oipleg1thhewerspife @ Tistihsetedprojections each
having BGRYEENHAS, et 195 = QANGEA 20t a9, (RHNALIR SAEURI A HRMGn on the

core pipe 31 is bent about the center of a circle 501 of the jig 50 in the In
inner syacdirelcisrcoratipgridwinTpihsighosderlaisieptdeassdtaa thinawier pipéace of the
core pipt2 3N (REGAEHIBR 3R BS; DaNHRIGRSHIR IF S0 AL HE GeMBLY W%he core pipe

circle 501, so that it is possible 8 to wind the winding pipe 32 around the
31. In additignpashaviernibg giess deetientlace bofhBignriig) pihesthesrirding pipe 32

is helichP RRUIRCLWIRINBOMES: SuFace of the GRLERIRE 3 LNthRME &B% 9RPbipe 31 and

therebetween. In addition, a jig to use is not limited to a pipe bender. Such

the Winding{tpel 38GWs TRt GoesistrfaeoBiaheRiicging Pipevasiismaine dontadén contact

with th¥vifheed $haRuter awtane pighe careningsy %Am;@ayv%a SROGINVERE center

at least at the bending center portion of the bent part that-comes into

portion {bhrodithfithtenRits AP IVhe PR Patrireti At dhvAndiaph RIRscibhs ssheaded to the
outer sUEHAEE BFAHRSSUREBHAN T 1t Renhaal ©hiBeCes8 PIPenRaRMIn &I bortion (D)

shape because of the projections, there is usually. a risk that a poor

of the bgHtReTntal-b&TdhnSPBEHEEN theredre Bipeed HeFthshitkAng s urface of the

winding@lgespientiyHedueing thedeaticanstesid0 PeHRmansee: Hawsvele With part.
he present invention, first the outer surface of the core pipe 31 is pressed

<Manulgelising fHofeise pHfedGoHS & TRner surface, and after which the

WInEHN ghii Py 8 dasmIsngd areunelithe eutensydagaceidhtcemdins: 34. Here, as

Therefore,.a poor contact will not be formed between the core pipe 31

& MethOh PEHE K NG FR %65 W T2 P e DA UaMmarSsarioRPef #He Hihnis made,
and teeast, g conGeaUsREyMpIONSSBe heat tidns T PR asraafse 3 1 5TiRereby, the
i DD A0 .t I M i oot ot e s e
shown BuFigeec0f (e pojedpipes duingdhercbiending pigaessn therdfyraxial direction may
e RISt pat e 15 prodcq e olctons, SO
projectibas HOB heernvachiedahthabent patt. Howeves, whepifhes0se@ipen3iddition,
methodg?gr \fgpr%li?}% B{Q %r%jzegtri%nbsea% not limited to the methods described above.

Next, the winding pipe 32 is helically wound around the core pipe 31. Subsequenily,
with the winding pipe 32 being wound around the outer surface of the core pipe 31, the core
pipe 31 and the winding pipe 32 are bent together in order to form a bent part by using a jig
such as a pipe bender that is usually commercially available. As shown in Figure 6, in this
embodiment, the core pipe has an outside diameter of 9.5 mm and the winding pipe has an
outside diameter of 6.2 mm, so that the outside diameter of the core pipe with the winding pipe
wound therearound is about 15.7 mm. Accordingly, a bender having an outside diameter of
15.9 mm is used to form the bent part. The jig used in this embodiment comprises fixed jigs 50
and 60 and a movable jig 70. First, with the winding pipe 32 being wound around the outer
surface of the core pipe 31, the core pipe 31 is inserted between the fixed jigs 50 and 60, and
the jig 70 that is secured onto the core pipe 31 is bent about the center of a circle 501 of the jig
50 in the in the direction of the arrow. Through such work process, the winding pipe 32 and

the core pipe 31a are bent along the jig 50 at the center of the circle 501, so that it is possible
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20 together with the winding pipe 32 being wound around the outer
surface of the core pipe 31., the overall strength increases so that it is
possible to prevent a large deformation and breakage at a concave
portion on the outer surface of the core pipe during the bending process,
. even if the bent part is provided with the projections. The final process is
to windhthe iWHpAmMEPiag Shaeuaaid figarecae witausle thelhe ayeracsodghe winding
pipe 330UBRMADYHIBE LAERIRGR LA AR Walih OToIRding RIPER 33 aLidi8ut any gap

helically wound around the core pipe 31, the brazing material 33 in a
therebebyetd oRdditineh ddigdRtatRdbmAtAeBridmarse: ieadssiied onto the

WIVGHAG: PIRGF03 %1 BURSHE URMY s @$:3B QWD Figue: 4k He1d188%n contact with
exchanger 30 is passed through a vacuum furnace or a furnace

the outggnigdpRief o t9ee iiRsetl Wit Aot 8apPHEBhRIsRAd Gt the bending

center YARSHACHPIRR Brif hended torhe RHICESHHACRiBD AE e SOreiBe 334 provided

the brazing material 33. At least at the bending center portion of each of

with the, proiettitit BPRY B 61N D GIEMSHFECR G tHE Virrtimg hipE B isoBomiRig has an

irreguld® $hgpeiessildEfaganefiRgeearainrR RLidYdhakrazing MaterisbdScMaieNmay be
consequently imprqves the heat transfer performance. 9 CLAIMS 1. A

formedy ety BAR RN cHMprah §bs CoRd e wavirRyseatsln et g dipheat transter
perfornihat arBdorared annthe neessurfaseitheieet beRrassingihe opteE suFtasse 31 is

e e g, ST S et L o rola Pl e 2
is woud aroanatan piteh iuthedigataxiRrdista. heeaepipadiRaningakill not be
B U
of the Uepnging aeithrcpasigieailihenpantdpark aed kaditerquignsuatace of the
DS R D et e vt aece g ore e b e MR,
breakagnanufactsinga:eataxehpngeninelutingasoserfipe ahtha virdipigpipging the
bendin%'%dr%c):cg%ggﬁgég %%ég %6}%?%%%%@?,@%%&08% ?)gr%:% en tl%?o%?dga !i:?%{fcl) rtg]e projections,
and thus improvement of the heat transfer performance by means of the projections has not
been achieved at the bent part. However, when the core pipe 31 and winding pipe 32 are bent
together with the winding pipe 32 being wound around the outer surface of the core pipe 31,
the overall strength increases so that it is possible to prevent a large deformation and breakage
at a concave portion on the outer surface of the core pipe during the bending process, even if
the bent part is provided with the projections.
The final process is brazing. First, as shown in Figure 7(a), with the heat exchanger
30 formed by the core pipe 31 and a plurality of winding pipes 32 that are helically wound
around the core pipe 31, the brazing material 33 in a paste form, which is contained in a
container 80, is applied onto the winding pipes 32. Subsequently, as shown in Figure 7(b), the
heat exchanger 30 is passed through a vacuum furnace or a furnace atmosphere H to be
brazed. In this process, the outer surface of the winding pipe 32 is bonded to the outer surface
of the core pipe 31 by the brazing material 33. At least at the bending center portion of each of
the bent parts B1 to B6, the outer surface of the winding pipe 32 is bonded to the outer surface

of the core pipe 31 by the brazing material 33, which consequently improves the heat transfer

performance.
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15 intermittently at a constant pitch in the pipe axial direction on the inner
surface thereof; winding the winding pipe around the outer surface of the
core pipe; bending the core pipe with the winding pipe being wound
around the outer surface of the core pipe; and brazing the outer surface
of the winding pipe and the outer surface of the core pipe by a 20 brazing

1\ﬁrgalterial. 3. The heat exchanger according to claim 1, comprising: a core
CLAI : L . : R
pipe having projections that are formed intermittently at a constant pitch in

1. A hethepibagexiad dipesticeatheinnervsugfacdutabig of Ipyopeessingthicaoufermed on
the inn& srf%gaecé) Hhr%o [e ri S \{\{igdi&g psigﬁatpea(t)' hvg%und ar%ugfgdtg%%&e [ ipe that
'surface of the cor xgipe; and 25'a razing ma erial that brazes the outer

1s wourslisface dftthewsndinta@ipd toethaoptps. sulfaceof the core pipe, wherein

th%?o%%&o%%&%’%gé ‘%t@&ﬁ‘%u%%w%‘& iéo%’ﬁﬂq‘?‘%i%%'%ﬁ%”@ tQ% GO GRS on,
ith"the "winding pipe belng wourd around the duter surfage of the core
thepfoes Bpd Bas a linear part and a bent part,
the outer surface of the winding pipe is in contact with the outer surface of the core pipe
without any gap therebetween at a bending center portion of the bent part, and
the outer surface of the winding pipe is bonded to the outer surface of the core pipe by a
brazing material at the bending center portion of the bent part.
2. A method for manufacturing a heat exchanger including a core pipe and a winding pipe,
comprising:
pressing the outer surface of the core pipe so as to form projections that are formed
intermittently at a constant pitch in the pipe axial direction on the inner surface thereof;
winding the winding pipe around the outer surface of the core pipe;
bending the core pipe with the winding pipe being wound around the outer surface of the
core pipe; and
brazing the outer surface of the winding pipe and the outer surface of the core pipe by a
brazing material. ‘
3. The heat exchanger according to claim i, comprising:
a core pipe having 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;
a winding pipe that is wound around the outer surface of the core pipe; and
a brazing material that brazes the outer surface of the winding pipe to the outer surface of
the core pipe,
wherein
the core pipe includes a bent part that 1s formed by bending the core pipe with the

winding pipe being wound around the outer surface of the core pipe.
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