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SPECI FI CATI ON HEAT EXCHANGER TECHNI CAL FI ELD The
present invention relates to a heat exchanger. Mire
specifically, the present 5 invention relates to a
heat exchanger conprising a core pipe having
projections that are S?Etﬁﬁﬂcﬂﬂléﬁﬁ i nner surface
t hereof by pressing the outer surface of the core
pi pe, and a w ndi ngHEAJEEXRIXANGERuUNnd around t he
surface of the core pipe. BACKGROUND ART Sone
rPECﬂﬁégﬁi%fét‘ﬁbers used for air conditioners, water
heBtieepfeserANévédiRn tdiet® a Hdt RkEMng&d Mbltehs;ﬁ:cﬁﬁ%.%r, the present
) pipe that forns a passage of a first fluid, "a winding
inventignpielaiesato pshemb grehangenooeriptisieg queare pine fhavimgoprojaetions that are

Is a _seco flui,d, and.a
forma 3h 3P i el 1Bt BRERRAGES e DB SR oL HE oF ue and
windirfg pipeithanid vidvad seneiddhd buteesurfads oftha@ptespip@  doubl e

i heat exchanger is used as a heat exchanger for a
BAC%&M&@ such as a heat punp water heater. Such a
h S f -0l ReSs: c i .
R St WAL, 2K SN RBED wflr Rforl B the like are
provided mothgh cavhipire thae foredsra prassaetoffd finss fluith @seinding gibe st is wound

rre spiral und into a val shape and used. as. one
arounﬁ@ﬁﬁt@%%éﬁé%ﬁﬂﬁm for° iR RIS BASA6P of fescqeat fluid,'and a heat
excharéF AR 3QEhdnged RSB tREnME YRkt Huid %ﬁrtﬁé’%b&ﬂldaﬂ‘lﬂ?é For example, a

connecting a nunber of such heat exchanger un
doublecpiphihent keehangeis 1sgddsimgheat audhangsodgr owater heattr such as a heat pump

xech r,.a technol agy. has . been .proposed in which a.
water el SRR ALt X BE R Koty tooaR PSS iSOl e AP Righ vater
flows Rhd8 vﬁﬁ@mg PigdtHrgHOWhRE the MRt RNLNERs OTheith® fip&tare spirally
corresponds to a core pipe, pulling out the jig so as
wound; igto gt pyal shepenandgsediaseonsdugt exehangen swit: inha anatwbedy of the heat
j [ Wolel ' ody. .1 n_additian not her
exchafioh i b 15 WBHID BB Yo epFile, 8" gl Sach et
excharfgeansitet qaeli bihendoe forafinga @eiie bodypsl a Hef Exthiinge € @dchnology has

exchapger. Wth this technol ogy, projections are . .
been P&H?W%@d”}aﬁh # hgat sxrlangeyisiiapreddry spirlly spdingiaseingipg pipe around
; r i . .
the ouff SHEVHRTHS T4 7% 1B epREbois LF SR Bpl ARLIP off thie so es o
form aDeudingrpipd podPanéd nbseBogiareote fipe) Pid\tHuwindied pipe bdy. In addition,
Lt T TR ICIRL -
used X BERARIHank s m&'ﬁﬂ't@hn§ﬁiggfﬁir ﬁécﬁ@d&%@%m@id%%ﬂ'tﬂ@irﬂblp&rface of
around the outer circunference of a jig, pulling out
the conelipg by pessiag theoorter surfacevofitenmpropipe sbadyto imarude the heat transfer
i nsertin core. pipe into the wi nding pi pe body,
peﬂbm?ﬁ@?éﬁ?%étﬁhﬁ%ﬁ¥nfEgt a poor contact may be forned
bataeeMokbhigesior e pi pe and the w ndi ng pi pe,
consequent |y reduci n_g) the heat transfer perfornmance.

| WPpAPublicatian Noykii§-H566r e pi pe having proj ecti ons
pISCELOSURY BF FIHARWENTI6N NNer 1

<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 is 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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surface thereof by pressing the outer surface of the

core pipe is used as a core pipe of a heat exchanger,

since a cross-section at a bent part of such a core

pi pe has an irregular shape because of the
surfac® R &F ssifd e Qute? srfhdeSyF thb %Breﬁp'ﬁ@ Esrus%ﬁ %.g %Cctoré'?% e of a heat

be forméd between the core pipe a d’t e W ndi ng ptpe,
exchaggenswegsentcrgssrsectinn afga thaet parabf tsneinaf @ire péyel hasnan ieegular shape

Th fore, ..an | ect aof, the present invention is to
becaush R RoFschiBBs A€ 5.7 B LT 8 OST Smtack Jg s ‘OB hbstfveen the core
pipe ahd BRSHBAInE %[ﬂe? EORBGERNEY réldBRIthEREN ARG FRPRhbSeNg @

core pipe having rojections that are fornmed on the

i nheareferss fia eicehefithe prepsnt iresEpmip to lnwersame thesahova peobdém and to
‘ ' i ndi pipe that is.wound . .
impro¥e e £ BB peROitalioP P BBGpbShosaPrist A core pipe having
projecpioissthat arerfofnéd on td Bdenburfack Ah@ESVhy BreasiiR ttoeutbOfurface of the

nanuf$ctu1|ng a heat .exchanger that has a 1ﬁ3900d ]
Core PHEafNY AIHEABE HBF that inmernd aimaddhe guisssyraceref the core pipe. The

presenf’ ﬁﬁ/@%t?d? a16d Bt ﬁﬁ‘&ﬁ@@g SlelRGGoF Hf.aﬂlgfaﬁt%riﬁ% hirest ex%ﬁz?n%%} that has a
of the present Invention conprises a cor pi pé ‘hawvi ng
good heairansfer perfotnteace.ar e formed on the inner surface

<Me'tner%‘;‘ p % s§lng the outer surface of the core
ans; ¥ SOL§

ng pi pe that .is wound around the outer
S UK haf@xShankBeacBF Bl PiiRe %}‘i{ ' ¥ efitib
Cooalli nea}( paéltrgt azzmd a %ent I%a?SIP; t fghgg{eg%tgmeﬁgg%p&;? s acore
pipe heyiag wireigttinps thitarei fored ovrtheadtnenisutfatehtheoeof dry presdime eéhe outer

of -t he cor.e pipe w t.hout .gap therebetween at
surfucf ot e Rt Bp® B oF i e o Biuhd Beipd i ey rarfies of the core
pipe, Wheréiacke edretpise Msndiinar phRand 3 HeaNset the ouleP SurPist &F the windin
g
. .surface of the core pipe by a brazing material at the
PIpe 1ndneAnagt edt e gytartsutiaceoef theeorhpipe withaut agp ghe therehehween at a
e bR A 10D AGRRPUEH LR 0L bonce o
the outhe corfaliendfl the cofepipedly 4 bapBkanhateQalf tithé BBAdiAS cbht® SO1E6n of the
because of the projections provided inside the pipe,
bent paghi ch consequently irmproves the overal | performance of
t hge , .
LSRR cSUIRLOR: 1 URRRUGE ORI IER g o e e
surfacg hﬁthc GoE }plppeAﬂ:@rt?pglw,aﬂhie yieﬁnwgﬂfe{r ng?%imn?MaFap?ﬁ&ﬂﬁecause of the
. - art o e core
profec R e L R T o B bt o e 4 oVl SSSemance of
the hedleRLIRMEED T the REcP hhkd, AvHcnSHe Widin pitpgqg Yoo aftfuhd Y core pipe
be formed between the core pipe an he w ndi ng pI pe,
and theroheengurepipeyis spisallycivoend into are avaltshapes fserce perrbsrseatioeat the bent
wever.. wi.t h _the heat ,exchanger of the, pr.esent . .
part of RERHE BRS HPR &1 diipera'sThEpS Decagre Phie PRI Flﬁée issa rigk that a
poor coARtaiayVbé Mol BeteEn Ik ©aRepDE AdiCHOWIRY Pfe, consequently
W t hout any %gp t herebet ween at the bendi ng center

reducing, ihe Beat gransive nsslermpneet Hoavedem|vsith thehbe@oexshanger of the present

‘ Sur L0d) NG D i S _bonded tp the oute

inventH; @05l SAREWIRD BFe 1570 BRGET IR chetfiu Sffgs of e core
pipe witheutlan giap therebetesenpaitid Bandde deb@r BeRionRFthe bent part, and also, the

Sg%erefore,_a_poor ¢ontact between the core pipe and )
outer sprace b WipdingRipgis borded totheoyiarsurane afdhg eoraminerhy the brazing
terif O Bhd 6k G]E'[éi i 2 BOLG

e onse qu ent &i&lﬁ% 8%@?%6 Gr?glgttpa?[? gﬁﬁl E%Z#r%’p%% S RRRCE Pe‘*)feen the
core pipe tthd thef wmdmgmipaoillnotrisy forhehst lexst hathgeendibg@eaicngortion of the
bent pa?-t, %&%?&ngongg et y %pr%ggs thg heat transfer performance.

A method for manufacturing a heat exchanger according to a second aspect of the
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present invention is a nethod for manufacturing a heat
exchanger having a core pipe and a w nding pipe, the
nmet hod conprising: pressing the outer surface of the
core pipe so as to form projections on the inner
o ’ . . e .
D b R A PRa Rt DAL« e and o
windingheipgvi thel methadli qeepvisingy prestingl thereterdutface afithe cors pifeasoens to form

. of the,5.core pipe;.and brazing the outer surface_.of
prcjecfin i e S s b e Bl o R Buichaice of the core
pipe; Rh@Rghle Sord Had With TR R pipdBdingwlahd aliRY tefeMshMace of the

the projections is bent, since a cross-section at the
core piehand beazingthetdyéer syrfacepphieaiading pipe tytheartertsaplece of the core

: DNe projections, there is usually a risk
plpE:b?E% a lgl]étrehggnt act may be forned between the core

pi Weandpdrhprowidedi with fHiepsrojee oL URAL, Isihcd G Er8kHecidh at the bent
he heat, transfer performance. However, with the

part ofthe coF PipR\8h en drestlashap becaysy phibe prejections, thereds wwadly a risk
i ject| e ..nner

it 2 S RABREE SR KR 18 REOLAEHATR O P s

reduciogtherhestirimmster peffotrhance oHewpvepewithis proemt inwehtior, ke outer surface

W ndi.ng. pi pe bein und arqund the outer surface of .
of the S5 TG i hePed ¢ A Bre t_g? BEVJSH1ANE A thei warmyTisependitee winding
pipe is3PMInd drOGRt MeToutts s dritk Qre :p}ﬂg\,igﬂ e dgin iR f?ﬁ&ﬂg pipe being

the core pipe. Such a nethod a t he "outer
woundsarpfuat thegfutertrarfacaof thg cpiepeipe.athb eoierpipoandithe wintingtipe are bent

outer surface,of th ore pi.pe wthou ny
woeetnit e Bt Bt iy oy SOBE RSty SuPk 8 mABPd el e ovter
surfacé BEthB&VIhdiB pipd Bk ik BOMBctAIHS YR Ghirfadd dthhécdrk Yipe without any
Therefore, at |east at the bending center portion of
gap thergbetyeen afdgast at the hgoding eentercportipe plidebentpartbateqmgsdnto contact

. i.ndj ' il 1. not be forned,.which
wit 30 ARFRAMT ot AP Mg Webtal RbaBF pbiolieh g Bt ooor contct
betwedOthe Rogedsipe o thewhniading pawd will 8 tefdrmined, Rviiéieconsequently improves
rojections is bent, a large deformation and breakage
the heﬁé&?“%é%ﬂ? AMafceoncave portion on the outer surface of
t | ' hendi f :
8 RSP S 08 105, LR fpion o
breakage epaycotomst a endatchpartivpnpmothe nmemér afrfacéef hieatore pipe during the

. transfer..performance.by. neans of the projections has . .
bending groc %&ﬁé@ﬁ{eee%fa’ea@%% e benioeg i b Risvided b egiections,
and thEPIEpRvBBeRNEK thB e iRy ﬁﬁi‘fﬂﬁnﬁ{g@ l%ireﬁ{e%r%S%ft 88 ?r(gl@étions has not

around t out €r

wi th the w nding pipe being woun e
been aghievedat e hehepabridowévyse, whéretheawes plpe mstirthegtihding pipe are bent

incr es.so that it is possibl 0 prevent a rge .
rogcthiscFF TS PiRan d s, blint AT seondohe et B fare pive. the
overalDitfe@pthSHEkaRE s that Res SODIPIoRRebhnk b Mkob BERRAN M breakage at a

process, even if the "bent part is provided with the

concaysypsjraen pa e owtgr suitace of the eorp pinsi dirngttbe bensting erackss, even if the
bent pﬁ?%ﬁpr&iﬁ%&f%éﬁ%&ﬁ&%@?e by brazing the outer 30

sur frace . ndi'ng "pi pe to the outer surface of

t Heurther, ét 3 passible fohigphsazihs eaiaistar|petrmicddly Brazing the outer

bopd the core pipe to the V\nndlrc}g pipe in_the brazing
surfacg, ph Egs WIndih BiRe te tath QWgE suriass ¥ dhn goteopine thryi thel baagirgomaterial in

ot Qhob RO VAL 3 0 S R0

i PAvdwett exchatgre dreatdirgxwhanbjed agmerpoif the@restireineeontion is the heat

'exchaxfg:qﬁ gciplggcﬁllilg g&ti_;lg ?iﬁg :ao e%: %‘flyt%g %@%Q}?@ﬁ?g@iog? tr}xg%gat%g(cltlalgleger comprising

the core pipe having the projections that are formed on the inner surface thereof by pressing

3




10

15

20

25

30

the outer surface of the core pipe, the w nding pipe
that is wound around the outer surface of the core
pi pe, and the brazing nmaterial by which the outer
surface of the winding pipe is brazed to the outer
7 ' : .t '
the oufe s Atk SEre B 1 REMLB e 1R BB B gpger swotace of
the coro pipepiapd thé brazidgemuaieridi by vhiple tikebiigr votknd & BEWniie pipe is

b uttgr surface O?. f the,core pipe. In this aspect of .

razed WP QTR PG RS CUF U5 PURCHS Tip JoTmBipe Hyelidesrien part that s

forme®89beRd@h thd dbre pRRIiLIPHe &iﬁ&in@%\%e ﬁﬁﬁ%vﬂoﬁn& Qz{())ﬂi‘i@ﬂ%youter surface
ndi n el ng

bendi ng the core pipe wth th pl pe
of the ggygmipe. ar ound t he outer surface of the core pipe, so

that aid i ible to wi.nd the.w nding. pi
¢ i o, a B e D Fer B i s i P B BaghBd rhegt part. In
additicrg estdnt Yhrt b foh@e®@by BEndikg ﬁﬁf&yr@{)iﬁg REMEEE %néig% ?Qﬁ%emg wound

W t hout anfy gap_ t herebetween at bending ce
arouncythetquiss sytfagel the spreipe. so<kmtfib st passiblerte wind ¢int windingAsipe such
[ . . Lhg. effects. be obt ai ne
that hE R R 28 iR iR S BT ost e Qe B B e core
pipe w@hotntaamg@&p aimme:}retkwm dt chetbeadingeehtep@Eidh 0O thelbeft present
<Eff Inﬁ&gtl on .is provided 15 with the projections on the
et Rhte TaYROHSB2 of the core pipe of the heat exchanger.
AckOHEiH i1 hEheat, W
. chgby ﬁbO\Fel? g}&?@g“g%gﬁéc% cﬁlogé o'b&!m%rél Oac%ﬂdin etot 111118 present

) inmprove because J ect’l ons provi NSl
mventignpe, and the overall perfornmance of the heat

exghanger will conseguent i nprove. | n additjion, .
W PHE TSRS GORTAREIS ) R 3Bt AGUE macseBt BVtise is provided
with th@nstofedinst RLthe ffer Riised S BPhR! ﬂi%ee Y‘)ﬁﬂﬁqwai &cﬁ%@%{. %@Jordingly,

shape since a C[O_SS-SeCtI on at 't ent part
the hegtdransisr geeffigientawill imprgwé becassraplthe Prajectims provfidédiiaside the pipe,

o BT R I B P i 1 R8BSR e i,

- when thondrditig pipe)s k@dud hidgnd bR doepipt hAd HlcRth 88t PIJERE Ghirally wound

: However, wth the heat exchanger of the present
Into arn %{\giﬁhﬁpssrﬁmqerﬁecr%wr«w #ithe berd pagof dheseart pipledias e gregular shape

becaus® b ¢e %I%}Erc{igl‘fse tHeke #shaeriéﬁ tﬁgft % gocgrioc?ogtacf xg-;g? \}a:e {}%z}—gr&ﬁ%qb%%%gptn the core

_ vvltht_e_outer’ surface o _ _
pipe aghthet Winditye pigee nomtqudhdy edwting tReldae irapset P@ﬂf%&{an&& SHowever,
t he

.4 o ent t, angd al so, the oquter surface 25 o
with (R ‘ﬁ‘gﬁ?ﬂ%‘j OP &e peR dnteatiphehe Hinding pipp v wowrd sugh that the outer
surfaceCOf Be %ﬂ(ﬁn??ﬁbﬁﬁh%%ﬂ%t& %gtb Q:gnﬂ@tt\?irﬂ% .ﬁ{e.r(ﬁﬁer s}g%&?%@gﬂ% %%rre pipe without

center por bent  par ere a po
any gap therehetwisat atdlenbandingoenier porien ofiigt idne pavk, el AlopihB@uter surface

N AT T R A

the beridiy B&Atr pdrabs be thdPBint PRARTES efold) & PR %Htaf:p{)%tween the core pipe
manuf act ur i ng a heat exchanger according to e secon(f

and theywhwléng pipe vHE nogite farmed at leastwae tite tendingropnies partion of the bent part,

. ' L tgr.surface of .the core pipe so as to
which ?‘%’?ﬁeﬁgﬁ%?%ﬁ%g%ﬁeéﬁ% t@HSfl%ﬁBer' HHEPSur f ace; wi ndi ng
t MhewhdiBodBr PiapalRILMEE HeBleRUBIer BT BRE t&The sBENEUsect of the
g; .and, with the w nding pipe bei ng wound ar ound

pi p :
present Byepfiqne FOpRiTeACRresting Hie ewek siifyse, of therdingipes awoteeform the

ectRinR S : g ndi o] oget her using.a jiqg or.|li

pf'o‘]ec IfUr1]1 opgfél?m%jgresbe r?g& tvﬁgdﬁggl?ee%pl bn& plga elﬁ)uggmﬁ%% s flafﬁl\ée the core

pipe; altn_ti;a\h?uimh}1 the \Zimdfngcﬁpefbehigeww bRUNQitBe outer Rarhée 6PMA6bre pipe,
. Wih the, - .

bending the core pipe and the winding pipe together using a jig or like in order to bend the

core pipe. Such a method allows the outer surface of the winding pipe to be in contact with the

4




10

15

20

. 25

30

outer surface of the core pipe wthout any gap
t herebetween at | east at the bending center portion
of the bent part that comes into contact with a jig in
t he bendi ng process. Therefore, at [|east at the
' ROt t oQr .
o A e RoRLRPEREURA: Sl (elf BBbefRl ot Refi e bending conter
portiogof therhent et that eaeoks indvi intaco wéthauigininl tiie bempiinygocédeTherefore, at

heat. tr.ansfer 5 perf nce. In addition, when apart |
least b P bengdiie, peter aREiag of b PPoiart & ISR ontgetibgygen the core pipe and
the wilefiQf rPapd afillans: ber ARkAME wWiidth Q%ﬁ%égu%}%’gllyg ir% p‘%@sv %he heat transfer

portion on the outer surface of t e during
performgace. hendi ng process. Therefore, conventionally, the

bept ' rovi. ded wi th the proj.ections d .

o AR b PSRt e B e EBfmation o
breakageansy otcurh® peqiceed prtidn e tHe0butdOsiRRBS B Gk 8M@hiBé during the
~_.the bent_part. However, when the core pipe and the o
bending prapssy: Hicpefons: somentionallygierhsnt part is nobpronidediwigh iemeojections,

ks t e of th ore .pi.pe

et SBESABABHEE, O 8ot R RSB, Bl G0 BRoBly os mo
been achiepeduititc Ent pargeHoheévar,ehérmtheadide bipeadtdghe tinding pipe are bent

conctﬁvE partion.on the outer surface of the core pipe .
together, PR Jhe rangiag RiRfbirs cuwed asqwn the quigs supfags of Hiet care pipe, the
overal P§R¥HEd i b gt ﬁrié)g@s%fylé){b%tre@&t lfﬁr&@ Séfpnﬁétidnsand breakage at a

possible to inprove the heat transter“pertornance by
concavsy portipig on ke oweesurfaseof dwecwé pigeeduningdhe berglige ptocedsheven if the
bent QY1 ES s.gr actgﬁ}gf the.core pipe by the brazing nmateri al

PETL 1S EPYETE YO BRI e pipe to the winding pipe in

t Meurtienzt ROpREIBREGSmpFRR e ly"Wradi

the t hiﬁt d[_%%pgct of tphe pr eseﬁfﬁﬁ\%ﬁ}%ﬁgﬁﬁ%ﬁg%@%&lﬁg the outer
surface b tlas winding pivetth dheeuter surfansfaft thp epfeopipa by ¢hs brezingamaterial in

. n t.he cor.e pipe .and 20 the w nding
order tg?’%[édec’??ﬁ@’tpggée&?%? 'qE8tP9 1831%% lgrgtzmg RE%6Endi ng center
pOTtd hent akchdngebadording to the LM hdpeNof WRSHtedRE 1BRABon enables
I pe are bent together with the

) pi pe a t.he.wi ndi ng‘;é )
IPro Gt ﬁg g]ﬁi heat transies PoRiBURHICASHISA @ RAee conteesbetuachdbe care pipe and
: | P81l r i ncreases sa i hat
e wible By R D5 810kt S0l UREERTATH 20 Bt pr.
additidp; edleaghe abreapiponoditie pirding piperart hentowspether &ith fthe vibding pipe
bei t he fFore &)iﬁge duri t‘?t/he bendi ng process, even if the ]
eing yapd dropnd the oplerspriacs o the cetsepipe thepysralbstregath inprpsas so that it

is posdblRGRl il & aq:arg-E"Eef%Woﬁd I%ﬂ[&?ejat' c&cﬁ&@ggﬁl{ohcon the outer
di agram of a heat punp water heatéer. I gure i's a

surface gﬁg]nwp'rft:pigb dyriegithefbeadingtreocelhs atvere iichabeetrpart iEipenvidedSwith the

ro-ec%'i%}sa plan view of a core pipe. 30 Figure 4(a) is a

proj partially enlarged view of the heat exchanger

BRIEF DESCRIFTFON ©OF THY bRAWINGSe 4(b) is a cross
sectional view of the bent part CC Figure 5(a)

i | igwrerlds eschenptio déagamy of # deatipnguppwatpeleicans that are
T2t 2R e s BBt one that ot e
verigiredl ik ¥ planniiey of & abre Bpe.

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 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
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with respect to the core pipe. Figure 6 illustrates a
process of formng 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)
with rédpb&tSh 1Rt &se BipRr ocess of brazing the heat exchanger. 5
DESCR | PTI ON THE REFERENCE SYMBOLS 1 hot water
supighse ailustraig0a hreaesspu fqnm&aag ebetigatierf thecdre pipepunp
ung.t 3 ﬁl eat excha 10 31 .core pgge 311
wa lé}“ Bt PSS Gl Pdrazingmatesiabiyg pasts forp.
B) nﬁs&z&eﬁﬁp&e@@dﬁ%ﬁﬁigﬁﬂhh &bat exthanblh 70
benln 100 projection formng jig BEST MODE FOR
DESWM{‘E F ESYMBMeht exchanger
ac present invention will now be
! des‘%rvgéb&% gglg 20 on the attached draw ngs and the
100 enimﬂpmptv&,termeajdfe 1 is a schematic diagramof a heat
wat er heater in which a heat exchanger of the
2 RYMPRPENti on s enpl oyed. In the heat punp water
30 he@5@¥h§£g¥% Figure 1, water is heated in a single
pass from abou 1OC to about 90C over a long tine of
31  peedregipen order to efficiently use | owcost nighttine
311 electrl power. Here, the heat punp water heater
& a hot water supply unit 1, and a heat punp
312 25wblt€fl)ut%t The follow ng are successively coupled in
the hot water supply unit 1. a service water pipe 11,
313, él-’hot weptrejecemor age tank 12, a water circul ati on punp
39 vvater supply pipe 3, a core pipe 31 that -
cons H%RB% a water heat exchanger 30, a hot water
Pi |@zihf makertdl Xi Ng valve 17, and a hot water supply
pe 18. Here, service water is supplied fromthe
50, Gaat@r supssdipgdigne 11 to the hot water storage tank
1 re water is supplied by the water
100 cﬁ?@ P |§%R§%ﬁﬁgnp 13 fromthe bottom part of the hot
BEsmm)EmmmcﬁUMHEmmmme 31 of the water
he exchanger 30, and heated. The heated hot water

heah escliangen Aserngator th@fprﬁﬁ’@t pyentigat will newdreadpscribed based
on thet ﬁﬂéh&:ﬁ draWif shéﬁpthteeé@%@% ew?tl§ stcpl %t?(%( Igi%.%raﬁ of a heat

fromthe upp part er &:%65ra
pump wiater hbagethiatwivih e heqtiemehdher of tﬁb yedentiihventioe icahployed. ¢h the heat
ed, wat er e m xing valve 17.

19 by. th Thi s
pump eﬁaﬁﬁr&&a%ﬁb@w Fg%jﬁ? at é‘éatfifﬁéﬁ"@%tﬁ%é? F19m8le gpss frgin about 10°C to
about 8010PbV&@%h AL tinke 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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water, which is supplied to the user by the hot water
supply pipe 18. Next, the heat punp unit 2 is provided
with a refrigerant circulating circuit that conprises
a conpressor 21, the water heat exchanger 30, an
water, %‘I‘Héﬂ‘ﬁ' fQ liéﬁltéfﬁlez& anger 24,
grpep connecte rggglﬁgﬁ)tt?dgelr %y%%\éﬁgdl ng pi pe 32.
ThHextefﬂna beatanump snB Z gsrpresdeidwith @rditigérapy eisauldttigh¥ircuit that
he conpresso and .is then se to the water heat
compri3E RERIRFEST 2 e PFRT el SHEAMTO oD Mo SEPRROROEY o d an it
heat ekéhahb& 240 42chad Lo EhANG§herdlly BFSSERd t
expa%fl on val ve 23, and |§ esupp?ll 2d to H%eﬁgtggz ﬁ?erefngerant '
compressesh 4p e highapreswvee byethei cg:mmmsoraal;,omtcb ishémh sfen’om tﬂimewater heat

rQu then cul at back to th
exchafich @eg% or ﬁﬁg ?slgl gul}oge Zheia vgs §§ﬁ@ﬁﬁ? eafj"rag% hgpt eyghanger 30
passesmrcﬁrghhmmexpmhﬂﬂgﬁﬁie 38, iafd i SupiiRll tBUBP airlRed(@kEfanger 24. The
. heater. As shown_ in Flgure 2, t'he water heat exchanger
refrigenant abyasbs Reat fromehe é‘ﬂl@‘-ﬁidHESBan therdeircuates bagk ngﬂplwelpressor 21.
3 3 ar.t and
pglil e2| ‘r£1§) %l%gl?ésngaﬁ% &Ja Qf egx%caé%rr geat ex’§ha§>]§e{ 30 in %e heat pump

water beriteraAls\shéwn lie Figune G, ﬁl& \oateﬂ help aﬁ@laﬁg‘éi 3°ODd£di‘§ r@seg\/ﬂieeéore pipe 31
pe 32 is helically wound

W T di
and 6 SEREHE e 20l o EARR B e o oopt PG A %w RAVB in the same
plane. fI&Brdpipsf3iig %f:ﬁéﬂ eﬁﬁ?ﬁtﬁggtogﬁ& J‘é]'i tsﬂﬁ)r : H%nﬁyg ter pgsage W.

circunferenti al e core
The nglmgp@evﬁt I@rhehcﬁlbft wBldd amndd t}teeomemctlﬁmmfbﬁﬁc@f)f tH&ecore 31, and

0 ansfer wat er. out] et
forms §fRereRl s Gar Bl B Ohieh BrornisronFiRG e oF PrgesPil of the core
30 i b Gatdriin] i f
pive 3 e eI 0 1 Bl Lt LR R i 1 i
water Sﬁéﬂﬁfséd eht thy watgreheat ekehaggeraifl, the cafdgerant insidt liee winding pipe 32

21 A21 di
flows 58 3G e e B3 oI A0 R e e o Supsesenl, he
refmget'dm ﬂ%lvdfs olitr @ thie abfrigerdit afugiet BY1 G iis M@tdlrechBﬁ‘STh@Eéi'vme water
water, and flows out of the water outl et

SuPPh“rdng% epyaterginjes St Srom fscAll Hiseationds prased BY this heat tu:ms into hot

water, Qﬁfﬁfiwg’s&ofeﬁe %gl%y‘ﬁuﬂé? 3T YHE Al 11% r?renbOd' ment  uses
core pipe avi ng-an rnsicde “drafreter D of 8 mm
| rNGm itcheqre @ieci 1 brieserdledd. Aa\shogn an FRiughs, thﬁ'sﬂerﬁﬁodlmﬁﬁ@ uses the

rowded.v rt.icall trlc at. a 20 mmpitch in
core pipp1 BF‘HB’%PI infide Sraaatsrdh) ob Mg pe Projessions gaqhaleéﬂng a height

- Hlof F'n%raﬁe proildedSEAR sﬁﬂn\étrﬂ:r Ja% ﬁ]ﬂfﬁm ?I]ﬁ e 8¥)' 481 direction on

upwar d When vi ewed romt e ‘paper’ su
the pipg inmes sindace. Figusadd 11tustrm1;es bhlytprejectias &1 B@rdxsde’iﬂ@\trd:tatwhen viewed
ctions _exi

from ﬂ?enﬁ nofg‘lbr? ! gv ér%cgt?or{ ﬂré agq#1 n,pﬁf% 3ce pagts il altﬁ%@;e n@th@'owded with
the prdj@aiont eRREbethe BABT Surfdc8f the cdngﬁ:ﬁ]%v ?Ij Q@&aﬁﬁglﬁrofhet ¢ transfer

projections 313 provided inside the
coefficigsih 4 Jowreved bmus@veﬁ, thmepr@eqmm31;3epm:dednmd@fﬁehppe which

consc ey, SASPOPAE ok SOk AR POCSRLE S, S ST e cr

pipe 3 m \almehamﬁblfﬂllynfénh&? iMBta8lovaDsipe SAae: ¥ind'aBnt BRd ?&ﬁf& the water
gﬁl us R of 40 nm Here, it is preferable that th
passagp 3, hap theihead radies R € 40 awp cHerepis igarefesabithatthe dendl veius R of the

1. Figure
core i 7%, 0 2 AR BL o Y SRR
exthange) 88 partizllydinhggddrecwhinbe pafet hBati gk chdipen8@tncluding the
t.er heater nd Fig Ere 4(b) is a cross
bent pagtg]g{i){l \g% Jieat pump seter heatgl ARt F%ggfq 4(b) 13,2 ¢qrpsx sgrtonal view of the bent
part C-€MROHidEBRboditnRE:, ﬂiét(ﬁ.ftelséﬁ'ﬂfagé:gf @t CBI%%I}(}@ k] FhQV]Bg tlinside diameter

havi ng the i1 nside di anmeter
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Dof 8 mmis inwardly pressed so as to dent the outer

surface, thereby the projections each having a hei ght

H of 1 mmare provided at a 20 mmpitch in the pipe

axial direction on the inner surface of the core pipe

Qaha r
D of iy M inRlonly pRESET o 45T Soff e oA A, MRt b8 ppgfections cach
havingoz byight Howd lane drempreddahatt 9120 lmln@[tc]s it fleqépofxitihdirection on the
sho in the cross

inner s o%ﬁ g%@g cWEe%pB}JTFﬁb%HgI &%‘rgf e‘;weq{ Pranedi ongthe Quﬁr 5gface of the
core pipé 31ia$ tHeeakts HleYe WRYIG e R fohBe® Hﬁ %{e ﬁﬁérf ﬁﬁ%ce%f thP@ore pipe

core pipe 31 and thenthe core pipe
31. In giditipmeps sheren dpthgrasossenctianeljsie e, Flglhre 46m whers thefvanémg pipe 32

s e O R e A B A PR e 31

the wihdieg iyt 3eer Wint tdRtHenHe BYtet SRifle of A WiRding Bipeof2 1sh@ contact
bent art and the outer surface of the w nding pipe

with ﬂ(%fzateru e efeecore pige 30 vothoet amugapiberebetweri at thedending center

L I he b
prie Dk 81 PRl o Ml O e e
outer siuefacj: ofthgagreimpd Glinby altetziegmatdnial (33Y) at the behdiag céﬁteﬂ ﬁtﬁnon (D)

_ and the outer surface of the core
of theviv’lf PF’? ng E’tﬂe&*eﬁﬂaf‘é hand tﬁ@aaéﬁtfowfitbehfv%ﬂm%@rw ge of the

win Fgﬁﬁe’iﬁsmﬁf tht BeteFe@F 0t BNIeE E1Ip§'3r1 h Otl?é E‘lﬁepgﬁé §Fthk B3 part.

are formed on the Inner s ace e core pipe
<M31118°40ﬁm3roca€§ of the Heatdixobahgeor forming the projections,

et Moot bR o ar Bl e gubine. Here o

a methbh Fo10fbk@inoSHE haGieetRins | RAhERN 8 PidSe Sk, TRELS b
ect | ofs S%gﬁcan be hellcallfﬁﬁ%r%%H %%&th ed %?Mmlsnmd%

and te% P% Hieeear 1 G0rare praseednigainsithe ontsr eunfiestof thescors pmm’i 1i Ehereby, the

priecAAE BB AR g f SR B0 e

showniin Figure b(t9, profdctidsl4isthar &‘éﬂﬁl@éﬁ@ﬁ@l‘l@&ﬂ ih g GipE @xﬁl BRection may
1 such that the 20 proj ectlons 413 are verticall
be for@%fﬁé

erineiaed §it wiiches pess 10 ds preesegi ageinakibe cozg pippr? 1 such that the
prOJecﬁgQ' Db vﬁkﬁﬁg?%%gfseﬁd%g ﬁll x gﬂg%ptrooih%‘: 1;2? rﬁx%%ga‘:j‘. 2% ddition,

ted to the ove.
methodre! ﬁml fqrgm]fg the pﬁﬁeatmnh efd mallimitedaol e rasthodddstigbedobeve.

0¥ B SURITE b0t el ik srovie HrcDrpige 13 Subsequenty,
with tHeh&%nﬁﬁfgemp@BP%ef& @%dt 26 gl | feer RULAS eggf ’L‘EE %og:ﬂ;:e 31, the core

together inorder to forma part
pipe 3D8ng thehwiading pibp 82 lren bent td)geailerms omaxb lf()rnta)rbﬁmrp}irﬁbjlr Vsing a jig

o S B VAR AL oEBP) B
emboditiént\Mhe ioRd pipe Afis RASowdilde QidhRtdd . §Eﬁh%d%e %ﬁdlﬁé’}pﬁpe has an

so that the outside dianeter of the core pipe
outsidgfligaeigy ob$-B enmwsuthet tha @u@u\e@m@tc@fab@we Pinervitimthe Wmdmg pipe

A t

wound SERLEMAP Y 1o 190 i SRR, SR Bl R Sl e o

15.9 nﬁxhis&xsﬁh’@dﬁhﬁ&lﬁﬁ bex® ppit) BeSid ms?é&ﬁh mgénﬁsal&@n%ﬁﬁe@ﬂged jigs 50
a novabl e j 70._First, wth the w nding pipe

and 601dry g able i BFirst e thecyindig rine 82 &relrtgwomd eropnqb ghe outer

' surfaccga-ﬂ thE ggre;(ﬂﬁ@%g' HE cgﬂa }% e Bpi\’seﬁ:%eg'ge ﬁ%%&ﬁeglntgeé Ech% g}ggg{’ gnd 60, and

the jig f7 ﬂ dahat ]E[H‘ ecmiep @nﬂnlthg sofeqripe &bﬂlﬁexﬁt cﬂﬁaucﬂi&toehteﬁf)? @cﬁ(tlé ShE of the jig
50 in the in the direction of the

50 in 155 1 fhe CHFEGMR A UcHTGRb KirpaPcwdt wark @rogestlthe e pipe 32 and

the cor@fMibe 313G BER d%ﬂgethég% A & Helind (ﬁriﬂe IEI Qelshg, s%oth ié is possible

the center of the ci e 501, sot I'S poss

8
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to wind the winding pipe 32 around the core pipe 31
such that the outer surface of the winding pipe 32
comes into contact with the outer surface of the core
pi pe 31 without any gap therebetween. In add|t| on, a

| 9
to wmﬂneﬂ?:h%iid?ldﬂi%]e% gg 3H eou!gt&t@é% @oga ﬁaﬁ;g?elpo pﬁ?ﬁ%‘ ouger 3 %%(fe of the, winding
pipe 3ocdymes mte awontact wiilt the Suttheurdadeest ther Eareepipd 3t h@itBlteany gap

hout bet t | t at the
therebf R 18 bR 1 EBY e nnon e BTRPHRRECE hat sonos.
| ISRhGORERGH allold thd\Sutk? dirBle om‘w&dﬁgﬁg@@% BEGh 1 contact with

with the projections is bent, since a sectl on
the oufessurfaes Ogﬁ‘ﬁt casé pipree3 b ovithopt piey lgas themebetweengat] laastSahalp:aebendmg

cne BEES BL PACHPL B A Oto KBTS RSB b e provied

with th)et pﬂ)_]ét‘.lmdnﬁ e bkt inbE aPirB&s-sceABS A URNbdrY ﬂaﬁdb‘icﬂﬁgc&@‘fnpe has an
tr ansf er 10 performance. However, wth

1rfegu15? Atberanse of itemprojactigns, tthese dunsally @nﬁawaba pomeccumoe may be

S Ioformthe ti.ons, o
fonnecpkgﬁvle%% éﬁrescéodg 1p§§b St ﬁig v?i?x ng RipS, ¢ ﬂnieﬁBan@ﬁHan%%ﬁF fieat transfer
perforB2ncei Homwdw&hmhmpteﬁdme ivigh€6n, SEtitRe Butef surfiBe 6P1R dBidfipe 31 is

efore a poor contact will not be formed

Pressefg B feomnd e Preorsthe dpiter sWaacsH arsl fr@er phaeh te vending pipe 32
is Wouhﬁ %?&mﬁtthé REh s Jégofctﬁgtcgfe ﬁé tSEOJf erford tAf%ob ¢ UonB8 SA1l not be

whi ch consequently 1 nproves raﬁ
formedpleatwoemthn cere iipe B h andithietvinding wiyerB 2qdedst prthy beteHingbdnfer portion

ot A R SR BB Pt S S il
SUh hadiGioRf whdia ST SroRidRE vl 4 ‘dh@ grcg&%on? ?s%!nf' 9 IQt{gQ G&foPmation and

Therefore, conventionally, th
breakag@ SRAYdeIsUNat | qomeaver pirtion icontbe oumncbutﬂacns of mhrr core IpEpd dunng the

e 38 e 05 e BB ETRAS s PO B8 Bl e prfecon,
and thllxbm@tef/emmiwﬂ thd Befi Qf@sRl Perferm A8 by rﬁé’dn@ g)f Rhe gro'jgcti%fl? has not
20to ether with the w nding pipe 32 being wund

been agﬁ%‘{?éoﬁttthf‘e SHpart. Howerrsewhin thasoreopipe pi ;aad Mndlng pqae 32 are bent

et @GP SHERAOKD. SOSLRRSPRrS Ot okl |5 0SS B 0 e 1.

the ovq.ndi strmgtmmcrdaeescsutthat isigrpbagible @b pidventGOlagelicBRnthdbh A8d breakage
even_if ﬁe bent part is

bendi n r ocess,
o1 8 COBEG PRBIP e\ SHEFECL] BR§orTHE Aried thorbswding precess, cven if

the ber®P bt | Rkd She n Figure 7(a), with the heat
© E:e;zc aﬂgg‘rn 25 %Oﬁ?g%gggi the core pipe 31 and a
p|Tl1up dinat prosessvis idiaing. Fie as 3Rowhat Figuee N@))] with e W@t eechanger
razing material 33 .in a

30 forfEE Y e i TR 4 "R e iveliBrecking pipondaitherarg behgadly wound
around&ﬁ@'doﬁﬁpif)@tfﬂ tthe bW RGtePP8S iR % }é%ﬁtﬁgcgﬁygghlﬂ is @3 Ontaiged in a

shown in Figure 7(b), the heat

containep 8@y Bprlisdzanie thef‘umdmganm‘s R. Subsequmtbyt aoshphar ia H‘rlgltre 7(b), the
e S ocess e outer surface of the
heat 6)9:% oé% ?1 éépgp%a%‘:i{ Iﬁg %%’naevﬁc‘(l%nt 450182 ?‘&c%ﬂ%ﬁéﬁm H to be

brazedt]]ﬂ&hﬁ@ii‘t&:e@s& ke Sutedurfabe oPRZ|RHInI TS 1 323 b%%decﬂo ﬂh@ ddker surface
at the _bending center portion of "each of ent

of the g9 pige B1 bydhe aztnﬁ@l%mdi B3sbE fcasiett dfe hdndmgn cnnmen gorpmop ef each of

I e e S
of the domppipeed Hyhite beafing marsities3, wigsH einveqetly InpretedBie heat transfer

performance.
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1. A heat exchanger (30) conprising a core pipe (31)
havi ng projections (313, 413) that are forned on the
i nner surface thereof by pressing the outer surface of
the core pipe (31), and a w nding pipe (32) that is
cLAWRINd around the outer surface of the core pipe (31),
wherein 5 the core pipe has a linear part (A) and a

1. A hg@tmxcpamger (B, cdmrmsmg mmxﬁmlpac?ﬁl)dfaviﬁgepmjeﬂgmﬂsgms JPE 3) that are
t he oyter sur the core

formeé OB é‘h? glf)er %11*? rgﬁ}ayggﬁs%%@ gﬁa fgthg EATE m@e (31),and a

windifgSpipe (320 @hiddt |15PW01GIB) ar@hind A€ oA kurpale! of tl§ g@g éﬂ(} wléerem

outer surface of the wi nding pipe
ﬂlet?@fmp@hassmhlﬂm@a@(A)ﬁelmbm'eppnt@) 10 (31) by a

ﬂ%:sfﬁ%é rgg{f%’@etg iy lw&&f& PEe @gfm%%%bﬁgb tgfﬂse otiter ém&ce of the core

pmmﬂf)awithwutr@yagabQﬂére@t@Béﬂﬂei béndfilg beHidrysirfibh EDFON the bent part
i pe (31) and a winding pipe (32), conprising:
(%f ing the outer surface of the core p| pe (31) so as

Iy t i nn rf a
ﬂ]%ﬁjélfrtégo Fﬁ'fgﬁés)bi\?wﬁa% aﬂﬂ&m% %ép@ V&ﬁg}snlgn%g?e% go %@ eérsgﬁe ace of the core pipe
(3d01b§e a bsamxﬂ@matenﬁl (Ghyeau:thé Bermhmgece(r&})porthﬁf(@)mﬁtﬁel&nﬁpﬁﬁ(B)
rjfés th the w ndi png pi (32)_.. being wound
2 A“%F*E?ﬁ " THRs tHUEpe 2 dgtrexelingsr &% I@é}fdéng)a s@re(pm@lhﬁuiawmdmg
plpE(iQ‘% . outer surface of the wi nding pipe (32) and

e outer surface of the core pipe (31) by a brazing
PW@ thel Ol(t@3$urfa®6 of .théTherehpg (EXcdvaasger for@ropetaisdi3n8) on the

i Bl ybecfoTe! | 51 ng: 2 core pi pe (31) Thavi ng

313) that are formed on the inner surface

wiﬂaaigemé V\Bﬂdmg bﬂﬁgB@ﬂaﬂ)lﬁf‘d @y bﬁfer SR 68 cofr@ﬁgg g:r 1§ y

pi pe a_w ndi ng pipe (32) that is wound
bendingo e?OT% Ppifead) ofith te wodingpive (B3 beingnsowdbaramndhehe outer

Slﬂﬁ%ggf@ecg%e&?%g% hriazes the outer surface of the

t he outer 25 surface of the core
braripg thSduter yir€dceiofl the Wendesy Sip % ém% dndlthe obfet @ﬁ%&e%fQE@Eore pipe

(3§ ba brizing meferigl @ope. (32) bei ng vound around the

3. The Abht@cRatlobAGD) Wcotdific FPLKHPY ,pc%n{p%ljs}ng. 10
a core pipe (31) having projections (313) that are formed on the inner surface thereof by
pressing the outer surface of the core pipe (31);
a winding pipe (32) that is wound around the outer surface of the core pipe (31); and
a brazing material (33) that brazes the outer surface of the winding pipe (32) to the outer
surface of the core pipe (31),

wherein

the core pipe (31) includes a bent part (B) that is formed by bending the core pipe (31)
with the winding pipe (32) being wound around the outer surface of the core pipe (3 1).
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