SPECI FI CATI ON  HEAT TRANSFER TUBE FOR SUPPLYI NG HOT
WATER FI ELD OF THE | NVENTI ON The present invention
relates to hot water heater technol ogy, and nore
particularly relates to a hot water heat transfer

pi pe wherein the Reynolds nunber Re of a fluid flow ng
inside the pipe is less than 7,000. BACKGROUND ART

Heat exchangers used olrﬂlj i oners, hot water
heaters, and the Ilkegﬁ%ﬁgrﬁg’?%w ed W|th a heat

transf HiEAﬂT TRANSFERTUBE FOR SUBPLYING HOT AWATERWS,
t o at due to the tenperature
FIELDC‘S?&@@&Q%Q&?\EGH the pipe interior and exterior.
'fHé %)fé@érﬂ‘iﬁv%nu&ﬂela'f@% O Ut WaSr HeaRk techh DS, 81d REFSFRAIBANER relates
heat transfer pipe, it is known to use a

toa hotgvai@;\k@dt tnster pink avherain thediwyeelds avmbgrdtend@ fwid flpwingjipyde the
ace. In addition, a technology has al so been

pipeis ﬁrg%kgl(%%,ng{)hat I mproves heat transfer per f or mance by

BACKGRIWUNDngRWr oj ections on the inner surface of the heat

ansf pi pe. . Providi.n rqj ectiops insi e heat
He gslfsaéﬂ i aerrﬁogdlﬁlgﬂ?féﬂqt Hetes %aé%rsstaﬁg %éﬂiﬂ are provided
with a Heraﬁﬁﬁ‘fsfér pii¢ WAGEInA RAd chiRvR@3ows! matse‘x@ﬁan@epﬁeaa&ﬁie to the

tates the fluid, t her eby |ncrea3|ng
. temper@wrd‘lff@\e@tml b@twvema&rp pepean’@fler angkextasior. if@lahennoafn 46 approve the heat

u'ansfersl_%grfo%%gnc%%? tﬂe'mﬁtq é l??seﬁno%gg ggee%%m&?edf% glt%ill grooves

proj ec Sr'e provi
are forth&édms the pipal mﬁzr sﬁﬂm hmddumhpa echnodelsy lias alse besh Iirbpospdl ﬁﬁt
coeffici nt of fric |on d rajse the pressure. |l os
G5t hden

improvyaeaf frefstet peipmmangs, ilinerprajegtiopsan te wagh g

transfe[qgﬁ@ proposed (Patent Documant 1) that provides
EfOJ ections 0.45 - 0.6 nmin height inside the heat
raiding praj¢ctiens inside Bisyhest franstes pipa dn thifemanmerinsrepses tasheat

I t
transfe lfofe BIOR P Aletdfsthy B b aehrc AR, Wibriitncrcasing the
coefﬁcEﬁt efHeatipguisiee af the hed‘ﬂ?’anéhiﬁﬁsfurﬁﬁéﬁld Iﬂpﬁﬂu@:bRE?fJﬂﬁ'aﬂﬁ
I NVE ON However, if the W spee ui
performagge. glo‘m@rs RApiogtiogs éfeenrowﬁffgmﬁ@e e ht@r%f%r BiRe: tgﬁathe
' projection€idckae @k pifaQobfbicht 6frl§bﬁ’(§l 3aGaRk BR predsirB 145881 the flow inside
transition zone where the flow transitions fromthe

the pip¢.diticredores 4 isohnobagy hagbecnerepnsed(Ratent Ppownend hkthat trevideshe
il DRSSP AT 0 TS s
pressure o098 vifile -prcﬁmﬁmgmle tﬂz&sfe@l i0f Béad St theﬂreﬁﬂ@rdﬁat ent Docunent

: . ' n exanpl e wherein, to efficiently utilize
'PATE&'E(!%@M ai ghttinme electric power, the water in a
h@ﬁneﬁ%ﬁﬂdﬁa@%Aﬁ@ﬁ@aﬁoH%t Bbs-785565hown in FIG 1, is

heated in a si %E Tpass rom approxi mately 10 Cto
DISCIA$VYBY; QR{IHE INVERTION a | ong period of tinme. In this

ﬁ-ﬁ%?evext, htethé h&XY speed of the fluid inside the heat transfer pipe is extremely low, and
the flow of the fluid inside the pipe is in the transition zone where the flow transitions from the
laminar flow zone to the turbulent flow zone, then the improvement in the heat transfer
‘performance is small, even if projections are provided whose height is 0.45 — 0.6 mm, as
disclosed in the Patent Document 1.

Consider an example wherein, to efficiently utilize inexpensive nighttirne electric power,
the water in a heat pump type hot water heater, as shown in FIG 1, is heated in a single pass from

approximately 10° C to approximately 90° C over a long period of time. In this case, the flow
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- 1 volunme of the water flow ng inside the heat

transfer pipe is set to an extrenely small val ue

(e.g., 0.8 L/mn) in order to nmake the product

“conpact and to ensure high efficiency. Thus, in a heat

transfer pipe wherein the water flow volune inside the

plpe is small, a nethod is enployed that inproves the
volume 8??1 ta{tgr Oc{xw%.{xg] %{%lfg %e?e%ﬁﬁ#sﬁq&a&%ﬁg 5% %{g?e)gxgyl%%[ small value (e.g.,
0.8 L/miirf)dti 6ﬁﬁr m;qniﬂ?e&hé bmdmameﬁ@ad:tmad teerish higtpéfficichWWe TRis, in a heat

S cas the water flow  volune inside

t he
transfergq\{ptefgwﬂlegelg ater yeluge ipsidghe ppedesmalh agpeﬂ%oq is employed that
oo 1850 SR 0 o e %3P0 e
thereb}’tlmr@asmgtthﬁ Bow epredfinside the pm@ Howeves everinthisycass, thetveater flow

votame il oe B4 gt Bl A Gl 0, B B S gangon zone

(Re = 1500 90!‘]0) ®¢here| the 866 thansitionLfirdrh Ghelamidae AbwessO B E turbulent flow
cannot beﬁgx ?ct ed . because the thermal conductivity
£

zone in the \aflgﬁy g ¢tnand s apRIRRUNALIL Hothe, frdtiad stage Bﬁb‘illﬁ’ttﬂ?@’ (Re=

7,000) &ef if¥he XVicHity Ifie MR1ee Tn hidifbn, eiﬁclén% @a@ eQ&:Haﬁg aﬁlgottﬂéeexpected

- present |nvent|on to overcomg ovenent

becausethe Bleanal cofduchigity tseddogwraliria tla:rlpw tanpbraturemedwm tle Vicinity of
heat transfer pipe wherein, with a sinple

thewat%ﬁ}rl%gt ure, the heat transfer perfor mance in the | ow

R&s/ a0bkect Dfithe PreseiBvdnsion BPGRY@Ehe tROSbdvEReRiRE Yfddlems of the

as inside the pipe is srmll The hot water heat

backgfw A5 and tp provideadint dvafeg he t'EaH%fCIfPIP%WhPrﬁ%W@érFHFBIC gtructure,

the hea%sﬁ@f)&?orﬂﬁﬁ&e in A% IynBIdR GuhBatzof vﬁ ﬁ ressure
between its interior and exterior, nap

Iossmsafethmlvlpyﬁcsmaﬂns each havi ng a hei ght HI of 0.8 - 2 O
S at | eas
TTR bt B8 SEhoi By Blpe sE@RdinE REB AR iembols  Mikper bt
transfer@p’%hﬁmﬁ%@tﬂieaf@etﬁémﬂlm‘ intéiridr &rldoddkdidr, Wherdih @ pluRdly o'
Js Iegg t.han, 7,000, |f the height of thetﬁrOJ ections

projectigps,¢Ach Baving s heightt b ob-B e 2 ments preyisledda at lgast gge part of the inmer
surface ©P Q}ﬂ@l@i‘bh %Hﬁhoneﬁrlﬁ a sbdion vidfe RE k@%al&fndn{%f RY 'o?% ﬂh{aﬁﬂowmg in
hea ne e | ow

_ t transfer performance I's not” obtal Int
the inteRe/inddsdhanii9€r section arising in the lam nar flow

FEAR 0P b S b o e i ] B e Gt
art, thedthe r&ﬁegtteﬁimmsmglﬂadhdaf st @eﬁf@t\ﬁﬁh@b itsﬁi@t bigineEinahe ToWe
pe and have ght . of 8 - 2.0 mmis provided on

Reynoli'? TR otion W%%%m&he %%ngé}qw e 96 4 the Gaesition frem éhe laminar

ﬂowzohgygtﬁgmgﬁlgﬁﬂgw%g section arising in the |am nar
[ow zone and in the transition fromthe |am nar flow_

Eon@qu@lﬂumplu@hmfamj etioma/thet peotruie wward the tlIiBEdCSIfd:hQ mipe and

| olds n ess. than
have a Y087 25 <o HHRES, e sk HEE P PRp pgionsd e
low Reynmdmﬁeh&cﬁaeﬁlﬁdmg inhe Rinindt€dty Zohaasd Bthe aadbitlbAVBom the
ttle inpact OFF e pressure | oss inside the ifJe,
ammart Wﬁﬁ rOPRITL HER Zonse b Folrtanesstion Where tieReynglds gumber Re
is less thaH ?006‘ Qala rbhuBNBE lojRitidRs prhfRied ﬁ{slcﬁé@ﬁeeﬁlpé" ﬁgﬁm% Be %E&ﬁclent of

@t}a)ls according to"the second invention hot wat er
heat trap and have little 1mpact on the pressure loss inside the pipe, thereby improving the

performance of the entire hot water heat transfer pipe.

The hot water heat transfer pipe according to the second invention is a hot water heat

transfer pipe that exchanges heat between its interior and exterior, wherein a plurality of
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entire h}qryg@tg;

transfer pipe that exchanges heat between its interior
and exterior, wherein a plurality of -2 projections
each whose height H is 0.1- 0.25 tines an inner
diameter Dis provided in-at |least one part of the

i nner surface of a portion positioned in a section
where the Reynolds nunber Re of a fluid flowing in

e e T e T

one parft of tht irorer hateeesa portiot Positioneddh abbgioReyHRA) 65 R nulber Re

a the.rel ativye roughness. Herein, the ratio of the
| Ofaﬂuﬁgﬂwgb‘fﬁwt“i’fgr‘?frlﬁj?eé%{ha%ﬂé)oﬁf ovi ded inside the pipe to

ThgofRbikshslafSrov b IRdR thd faipﬁ,ﬁtheri #e prt@ Bl ftRnt FUABRG L omes a

IS used to represent the Inpact o he projections

- functiop g§ thgReyneldpnpubesRe dnd the yeéative efughudseiferein, the iratta afithe height of

1 e - i Ve hness of ..t he pi.pe_ . nner. wal | .
e ro A 1 P RS P B
used toirepredeat the anpact bbihe fpiajsatioheinsiETtiAipd drdthe pEfrecobHicidAof friction.
range i nproves

... turbulent f|low zgne, .tao a prescribed .
Se“mgtthee‘eﬂﬁ%‘é{? r‘{'ﬁ%hﬂ%ﬁﬁ 8?518 Recipner gy7dl syripesiia thegownkeyngids ppmgber section,
arising il'@e itdRAG6 REMUREIaRTISR 1L | Al

gjof proj ections each 1‘i‘\/\ﬁ/‘h’%ose ﬁg%gfﬁ?eﬁﬁylﬁ%ﬁghﬂ%d{%@ ﬂr%rste%bed
range impeovenihe heatdiansfer effech and albows/fod ahionizing theiimpast of thefpaessure
of the portion positioned in the | ow Reynolds nunber
section arising in the lamnar flow zone and in the
Foethe] 4 plorality efprojeetidmmhstewhdse QUIgEOHE is 0.0 —10S times the inner
di t yg bul en}i I otg zone, i.e., in the section where the

lame“-?ﬁgé Kdirgd ‘?dﬁ*Po p e furfeg ek the mariion pogiionedas the lowRaynolds
numbet 26tid 2sBz!ih WSaRLRY ndGLohd 2l FiR t%éfalﬂgﬁﬁ ﬂ'cﬁ[ﬁ iRMEminBErow zone
coefficient of heat transfer, and reduce the inpact

to the tehulenellgy eeneui-e, indbe sdction whereltle RéymeldsmhmbedhRe is less than 7,000.

s A By S i
reduce tedmpatitiog thopredsard Ibsy idsidathe pigeptheicby anpovind@hEperft@@hnce of the

ansfﬁr Ela‘?ﬁ% used in a heat exchanger of a hot water
% PR changes heat between its interior
IR WOk AL 1R trRR% Bt aRcdliil 8 b Yniff inPbRioRGS |
Ahote holgne TR piye sécdidiiy rrm?ﬁélm%?%’@iﬁgg%bgﬁs‘?ﬁ%%m
transfer; pipeeused i & hess exthanggy@f aihothwitesheaieo metithanexichanges héan bétyveen its

o s Lat [ ter whi.ch is,th ui .

iteronging Bkelih, Ehenellt LT o R B ions ShnhasS gt 18 a0 mm i

providddronttheinvercsunfate/ofof pdrtien paditRine®n thé Gickegtoftah & ifito wHifbwater,
hi h'uﬁ%dfp i'ﬁﬂﬂt he hot, water heat exchanger corresponds to

WhICh 1 uidflRwmerp g BisHer f9Wsor a transition zone where

triae flof! o7 hel WaBSh thOReintty 3Fhk Med cﬁ'l?.tleﬂlgera\tl\g%rg‘r%rim%sg@ in the hot

the turbulent flow zone: _However,
water heatpgeltaagerrceriesponfietothe laminay flofv 2one andibed traxfsittdnezohewhere the

flow txds 83 EbmR Pl Far oM 25 T BAS o) S 8w BER e water

loss.

ranster i s al'so 'ow.
temperatanednthieoricinity of the ailéttof tiafhept inefet piPB$s BACEMIBY cHdfident of heat
' P hei ghi{@(’)f O'rﬁ' -.2,0 nMmis provided on the inner, .
transfegly P (V- SCRiinede i1t 16 Rreserd M entiel a gfurpliy of Projectines each having a
height o8 028 DRIYmAfis bhRided R thd Mh&tsurfh YT AP IR PO4itRRed Beast in the
... coefficient of heat transfer due tothe roj ectrons
vicinitypfdhe Wetgr infes therebshippying thersoeffidient afiheatdtransfer dué wghe he

proje:ctf?)ﬁ?]glfojvﬁiie&3 msid%fthcbﬁﬁé. th raﬁ'nﬂﬁcgr? {o ifjn%?oving the coefficient of heat transfer due

to the projections, the impact of the projections on the pressure loss inside the pipe is small,

thereby improving the performance of the entire hot water heat transfer pipe.
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to the projections, the inpact of the projections on
the pressure loss inside the pipe is small, thereby
~-inmproving the perfornmance of the entire hot water heat
transfer pipe. 3 The hot water heat transfer pipe
according to the fourth invention is a hot water heat
transfer pipe used in a heat exchanger of a hot water

h h bet it N [
Afah S hs! Rpefer B SR R e JOUT By eBuds ShE Wl speat
transferisessel @i ghéat chhaﬁ%] ofa hot whtet lheféﬁ‘i and bRt é}ﬂ:ﬁﬁ{geﬁhe%ﬁ'@ét&@en its
Dis provided, on the inner surface of a

interior 3pd PXPE e BheRein HRIUALEY o4 Rrgiegffons eagh whepe .hﬂrgerl FitQol ~ 0.25 times

the inndMAidrikedad ?sr;im%écggh the 1ﬁ1{éﬁ sifrbddk gf A bﬁ?ﬂoﬁ%oélﬁ ﬁeﬁqn the vicinity of a
interior, ot water exch tlch

fluid inket e Whldlh’eitwaWblCh |1srthe Reidfloving in/the intetier, ﬂasWset of t he

eat .tra corJy espon tothelamn ow

D o R o B R RV S0 Wt SR he et of the
heat trahd¢fafsipé t@PSpdid3td tHaGarhinRd A zbheOMdZR e frhsitidR zone where the flow

turbu ent flow zone. In addition, the water

transitiqns fsen the jainan flow ong tejths fugbulsnt flgw zone.dn additiom dherwater
mperkiis 2R e oSS Gt ) o ol o
transfelhe also bwe Mngdmgl)a irpthishek ivater héat pxd]aagttr; oplaratinedt projacions each

ht - 5.ti.nes the heat f{.ransfer pi i nher
whose JER 1 01>, Qosimbs G2nta HeRsrt ipd er SRARELE Pefidef gnfa faner
surface lof GeHetr treﬂisﬂ:@ plyepotitionAcht Rastlif @kl vikiRity BLthY wateRididt. § a result,
the water inlet. As a result, the coefficient of heat

the coefficignt piheatitransfes dug o the Bfoé??ﬁlpb"nempﬂdéﬂr insidg thepipelis improved, and
o mpB O 5 BRGNS 20Ky Rt Rl L D
improvinigeéheparformanrecti thlﬁgeﬂtlhmhqt evatey hewtricmsief piphe entire hot

r, heat t i pe. 0 ter heat, tyansfer
AR B8t GARET pink Pl Bo, B i venOf s et e eat
tra.nsfeﬂ]ﬁﬁﬁ as 1%61&!&31‘1 Qhy Phe@véiiioh ©F thfe&l'r'stl ifvehfi¥n @RSudhtMeYuttR Mvkhtion,
first invention through the fourth invention,

Wherenwlre flomhspeerbok qhe%ugipﬂ%ng)m theyinteriaziiz0.4 -l més- Frrthemaore, it is

r
sV ot BBl BEARPRGy i g 02
0.4 mfsr Fnst@e, 1f ﬂne flowt spaect efithduaitl nnsadfrﬂ;é pipe(is less than 0.12n/s, thendthe

Furt he w speed of the fluid in e
coemehtEHHEE oble O reb RS LR b L o o
of the fRfid hewt the FIpS E0kedyl0.4 MG, fh@ﬁ‘thet feidfisd fictop indRlelte plﬁe increases, and

extrenely | ow.  However, if the flow speed of

the pregepis lgsS R def@e ping ipgrprsese dcersdingly, hemrge af theflavhepeed of the fluid
flowing inithd ﬁlﬁi‘i‘mF &dePlo d.1S b%q'ﬁfs h@s PRt 'tﬂé:&%?ﬁﬁ&’&o?ﬂ&t trm ¢ due to the
- pressure loss insidet pe | fcreases ccordi Y,
projecticheproaivigd msidetth@prpb unpreweahdxhe irhpnct bfmhel prdj écﬂmnsncga the pressure
ntecior i to 0.
loss insi3dpt Pof i RPBie il rt P i yin s Redfopigae? o i gntie gptvatr hea
transfefyfipy/i ded i nsi de the pipe inproves, and the inpact of
the projections gn the pressure Ioss i nsi de the pipe

|T§e bolppsteshsatiranske P RCiHHRS 10 the sbeinyeRtias ifthe et water heat
transfert ﬂlﬁe Vbt iR Qhy YRY AbedtBRbf tHe rfﬂ'gc} ﬁ@erntlgh gylﬁe Eﬁl’th invention,
er heat transfer pi pe according t e i xt
wherein the grass eertiopaltshaperaban gwhitery haight of Ba@rm’bjecticpi ipe smsoth curve like
ecr .ed In ne |nv§ntion of the first invention

ac"“"Iet%nrel gty he %ﬁoﬁnﬂat?ﬁ\/ fition, wherein the cross

Eeahplenaf fasloapdueab tRpraediohs ﬁfsiﬂehﬁé bt tf ingAeithe pressure loss of
Qro jection is a snooth curve |ike
the fluid inside the pipe include the Reynolds number and flow speed of the fluid inside the pipe,
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acircle, an ellipse, or an approximate circle.
Exanpl es of factors due to the projections inside the
pi pe that inpact the pressure loss of the fluid

i nside the pipe include the Reynolds nunber and fTow
speed of the fluid inside the pipe, -4 the height of
the projections, as well as the shape of the

. j.ec If t ctions are acu
the el S brofiions, e P Dol 5 SO M PaBeR G e oo s aouee
angle shap&lyvthichlsapiragor voetis gleguenwdatediby the/flow aamdinchie aighs Sthich
i | oss of the fluid gonsequent Iy, the cross sectional
mcrease§|%edge%§pr assafihe fiuidy hei ght of a projection conprises
SonsRaE & E‘?"?%“We L Apf ab bl b Brary i bl BB4ccPon Boprises
smooth cuve suth ren cnrcde, ag gllipager o aplbrexmamq arrld. Jmsthm\@orﬂs,rhee@se the

ved .syrface e nerat on_o
outer ciffgierBodl RO O e PRSI R 58 ol LB S By spagace, the
generatll@ﬁ Of et 4208 vohRts Gih®eanppressed bghparsdaik grojéftidng that are acute
nmpact of the | gss of pressure of the fluid inside the

angle SbﬁP?fE and the ipwre o5 B8, OSSﬂﬁ ereepre rhedlichigsidne pine is sirpreseed:
thereby%g Elbér?orﬁﬁf%e RN BE hidit Renst &Hﬁ%émt wat er heat
nsf er e according to the seve invention is
Th@hmatwdteetrtran@&t pipe peesding tqihp eevesthrineintioniisi the hotywater heat
vt TR e B b RSl LA B venion
wherenﬂh@ptd}&iﬂloh@ala négsrbvided ﬁﬂﬁsd:u@ﬂp@‘sltldﬁed hethy viginidytof adfuidoutlet
flurd outlet out of which the fluid flows. If the
out of whi¢h, e Akif BOWs the fluid is high at the fluid outlet
Pﬁﬁ & tefpetddtie BEAE iR ﬁi@rat e Fid Bfilet ph@ b B ﬁgﬁltﬁnsfepﬁge and,
|s water, then there 1s a risk of scaling of
for exarpplpethe rikwét lsmefr,ath@i thbxfe is prisk efscabimsofthepipe owmietsutace If

proj ectlgp :ju'g 8{‘?‘6‘%’3 wll'lcih apsre ﬁ-lren &ez? aSri':lrgI‘lS E\E% gl?ecﬁrﬂjgfztyons will promote

scaling bl difigly, Scalthgs ﬁ@p@seﬁ}by&h@u@gegﬁa piﬁ)e ﬁo@r@ﬁdé&ﬁﬂh pl‘Q]BCthIlS
provi ded with projectjons, W’ég" usi ng
e.g. by ysing a smpotiheipe d e sertion gioitie nlﬂFF ‘flﬁéltiop the iﬂwl Q}fﬂefa féhere the
St uiligtshiwhere the tenperature of the fluid is
tgmperﬁlﬂgh. The 1ﬁost l%ter heat transfer pipe according to
Thehet witetrheattvansier pipe ascordiog hothe wightly inhengion ist the hef water heat

transfer} pﬁ€ e%st regi%e (;1# fa?%dorlhenlpﬁegpﬁpg g l'ﬁqlll/rsﬁt\r/}t%\lret% 181$hr \%ﬁ élge fo;sil{'tg invention,
whereitJi g@6®e RanhNg d@ﬂdﬁﬁllhwsﬂ‘thhﬂ theieighhED of Eaeh pedjdtiontit fodined on
each projection is formed on the pipe inner surface.
the Pm%‘?ﬂ?@“ﬁ%‘f proj ecti ons provided on the pipe i nner :
r%‘}ﬁ gf?)%écﬂ&lsl PRV iR e glﬁél{mﬁ Surf#8 Methe IRE RE cggs number
pr o] contri bute nor he i nprovenment 1n
zone, thedetgk ipeoj estionéonirétatte mprerto tlze impronementio thaedefficient of heat transfer

than theg?gélgﬁrtoﬁe% ﬁonse§§ %(r)%%lgg) éwd 1nsii?és tﬂg P{éjgt%lléog%t’}%’g‘g ez{)ch%%ose height

is greatéﬂﬁmht}ﬁfdegﬂloﬂ"gﬁmveﬂna @cbmu @ibeimpeoviesihe et sranfer &ftst. However,
transfer eff However, in the high, Rey noI ds .nunber

in the hzg;h%eyng}dg@y e"szﬁ’&F |2B9RES Shillawenan @egﬁ’c E)‘P the, rojections

contribPe 9 SeliPRivemBtih HAWosicRnt Qﬁ'léami’ﬁrﬁi’e’? '}ﬁ@t)rdﬁrfglyt i?1‘?the high
coefficient of heat transfer. Accordingly, he high

Reynolds zone, the heat transfer performance of the heat transfer pipe is further improved by the

usage of the grooved pipe, wherein grooves shallower than the height of the projections are

formed on the inner surface.



Reynol ds zone, the heat transfer performance of the
heat transfer pipe is further inproved by the usage
of the grooved pi pe, wherein grooves shall ower than
the hei ght of the projections are formed on the inner
surface. 5 The hot water heat transfer pipe according
to the ninth invention is the hot water heat transfer

as.r |ted nan i nventian, of the first
R s st o ok PIRE e o 30 B isfentios et waer et
transferﬂhpﬁ Rlredided o alyf @eﬁﬁwr@iﬁﬁ of the A&\ 8o dkRIgh@he forth iention,
pe. axi al directiaon. Providi ng projections in the

Whereﬂbﬁhs sluzality pf projestiensdp Pvidsr paralpicto fredripr aal directinant
Eiéo?gﬁlg%ﬁrto#%ﬁ%u' g?ed;fi%&%%l' i egﬁ’rﬂ éﬁablle{fﬁn@ ‘E%rﬁét% ‘of heat transfer to

be madel WIEmtwm;iy Int deliti gl e dasehe ﬂprmsmrlmehtd)ysm ths pqnmkial direction, the
s B L S P P Bl o ot

pipe. according to the tenth invention is the hot water heat
transfer pipe as recited in any one invention of the

fThe é?t Wqﬁferéﬁ@ﬁ teansien pipa greardiag folte tanth inventionanthe hajweter heat
 transfer! rbdifellid ¥n \)P((%leQEQé #i6h bPHR ﬁr%:t if\ehtiGRhtoh g?rtl%/ }od6ifl invention,
|ca y providing the proj ections gener
~ whereint the plungfity nf progecfibmais bélidatle pfdvided. i nsi de the pipe, and

inereases e.length.of the passage of the fluid, . . .
BB vio PR i it e eRs P Py lepa e o insice the
pipe, andeihdr0dseBihe englh\6f thebaswedeasT telid th 385/ BEth&Y iR€reasing the heat
according to the eleventh invention i's the hot water
transfenpegformancgnsf er pipe as recited in any one invention of
mﬁ@h&t’vﬁ&ér HekY tsf‘cz:FP EQE(?H&H%H@'& ERYEHR iV B RIN 1:§‘ﬁgfhot water heat
erein the p projections 1s provided so
transfeltmpﬁ astrhtagcdam mmmermvhrﬂbn ofhedirstgnyeatiort theouphitie foutth invention,
h *?l @gl ctiop of. the#yﬁat transfer PLPE: Providing .
wheren i el Eos S Finis PR {AER 3p i Y aiaelied e postons in
- the radiBD&itectiONSF thehéd @ahiskeli fipe.di rection reduces the cross
sectional area in the vicinity of the projections,
PrayifegRrotertionsiseithay thsy fore pairy ajiopposangcpositionsiarthe radial direction
I
st IRCRUERCh S DEE I S SRR o SR CHITAE Sy M i
fluid, andsfurther improves therhehetinsfer penfisfrancepi pe as recited in any

[ nve nt|o of .the first. i nventi t hrou hth '
AR o e rsRrtrBiet Dbk B T iRl o bt ot st heat
- transferd gige & rbkﬁ@dlu‘i Mn}oéneﬂﬁ%rﬁﬁh oot i@ ihRatisie@koush Ql‘ilasfoﬁfth RivRStion,
inner dianeter Dis 0,5 - 10. If the ratio of the

whereinyfhe saiopigmitch & of s léenalltmf prejectisns toche heat frarsfenpips ipaer
diametdr 0. L ggeter Dis less than 0.5 then heat transfer

I's pronoted, and the pressure |oss increases due to

titbe stibef thegiitch Phué therppjectidns nsthe he&thmnsfp:spxpe&mmsdldmater D is

| diti if th f, th f t
ess thap b Bep s draptior bRETEAY o hegPesntip 55 HFirars ednrdtogiectof
-~ the prOJBcﬂlcﬁls Oh et 1§¥strédh@sidd. On alldi66n,lihde PARBTAORATP $F8RY projections to

transfer ecr eases,
the heat transfer pipe inner diameter D is greater than 10, then the promotion of heat transfer

decreases.
Therefore, by setting the ratio of the pitch P of the projections to the heat transfer pipe
inner diameter D to 0.5 — 10, the promotion of heat transfer is maintained, while the increase in

the pressure loss is small, and the performance of the entire heat transfer pipe improves.



Therefore, by setting the ratio of the pitch P of the
projections to the heat transfer pipe inner dianeter
Dto 0.5 - 10, the pronotion of heat transfer is

mai nt ai ned, while the increase in the pressure |oss
is small, and the performance of the entire heat
transfer pipe inproves. -6 The hot water heat transfer

P oPREE AL AT G bASEH by e e e
transfer pipead feoitedih dniené inveiitionvrey fi@nink SitMdhohfLthE lithinvention,
h ﬂ on,. wherein small IQPI%)OJ ecti ons each whose ‘
w ereimfgpgl projeptipns each whaseheight ¢hnthand). Hneare provisied hetveen the

plurahtS;B rdpodioad.i ty of projections. In the | ow Reynolds
nBer zone, the large projections contribute nore to

ﬂmﬂle IpyvReynelde pember zohes thedlefekipeojections tortieiatte tiops friss

improvkER 1 B QAR ORAEF gt e Exbefofy sy Rehigh

Reynoldomimbdrubae, nis endlioprbfetions (Rh£lVgioRRtions) céltBh @O flokd iRt
eat traﬁster }han the | arge projections.

imp mv%?@r‘ﬂ ﬂ}?g‘r"gfi 16,01 Rfahijansterghan the lrecnrpisetions A sserstingly groviding
small pf?éc@ﬁnﬂbéﬁw%@ﬁ 1he Mg AFrdl RUER RhRVAS] %‘ngxgisﬁ{: {nﬁ% }ha{]the heat

at the heat transfer perfornmanc
transferpesfosmancerise ite the fargopoiectionstin énpovtd inrthedeetien where the Reynolds

I w. - and. t e heat .transfer
number EYARE o3t MR Bl o gl S R e peayed i he
section |whetehhe Regndldomumniee ishigh) th%&ﬁﬁipﬂ@wﬂ@ﬂ?é%&rfb&wﬁb@@f the entire heat

h t hereby inproving the performance of thé entire
exchangfchanger. The hot water heat transfer pipe accordl ng

rBe hbewiteldae@tsher ! 'p‘l;bl ?g&drﬁ’lﬁg S tHe PEurbQhn V@\%ﬁ%ﬁon ﬂetﬁ‘% hot water |

transfer pipe as re I n“any one 1 nven
heat trapsferpipe ns/@mt«tdm afi poeighertiva olfdwﬂimt mwmtmn throwugh thé éyuethn

v, SRR OB 5B S R P B2 1352l

heat tragsfexgpipe.part wi t hout projections, the cross sectional
g{ﬁa i nsi,de the heat transfer pipe is maximal. In

& STRBhRart wighougproieciops; thicrass sechipnal ardannsidecthe hegh gransfer
pipe is AbxibR€ ThRORE wokdsl BER i Is g&iﬁﬁ? Oaraeﬂﬁ)n R the sﬂﬁbevg‘fﬁ{eqlm#}%urface

proj ections are provided and t
bemeelib'ﬁhﬁ jpertignonkere ths prejestiops mlpd@»dded/dmﬂalne pdmﬁmwh&etﬂeq)rhjeaions are
par t

mot pro R S R R e O P i Rl g Grigg does o

exist omhp) mnet heface bfthe héf Glandfer gipe; eATRe @feck Rahe Qs TRA obﬁmed ina
heat transfer,  pi pe whqgse inner dianmeter is reduced

heat trafisfey Pipg Fhose 186 djsmster b redpreds 144 the flawrseenden thenfiid ineeeases and
the heattfakfel [sﬁﬁﬁ&ﬁfed' But e P& o) %3141ellﬁe g\gg %&cyiagesl 0SS

I nsi de the pipe increases. eat transfer
Bhobotaraienhepiiepnsfer pipe aédofdieg it the ififieemh invanticn it tte Hootvater heat

R s A T e

 whereini thy prdjéations aretfermed by teapplicdtioatof @e B68 thObIESbrDYe tdiied in a
hncmp?ﬁpl i.cation of force fromthe exterior, are formed in

3o gregot fogmed g fentipaltnot forned in a bent part. If
Ifhiee PORICAGAT 28 fnr&\&@oﬁ ﬂfemr QAR HEHRA: PANEARSRe %r lehe

heat transfer pipe by
application of an external force, then 1t is often the case that the projections are formed toward
the inside of the pipe on the inner surface corresponding to the indented outer surface. In
addition, the heat transfer pipe generally has a linear part and a bent part. An additional pressure

loss exists in the bent part over and above the pressure loss in the linear part. Therefore, if
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application of an external force, then it is often the
case that the projections are forned toward the

i nside of the pipe on the inner surface correspondi ng
to the indented outer surface. In addition, the heat
transfer pipe generally has a linear part and a bent
part. An addltlonal pressure |oss exists in the bent

and. . pve t he essure | gss in the |inear
projec s boe W BGyiB0PY Fons Me B ERRE i Tei nth, e i et
pressure r])os‘s e thierbear peﬁ'mﬂﬁﬁ@:eﬁfe ffteerIand®idh the B&%fn% vlzo°rk ?rcfcbs%‘%reates a
the pressure l.oss in the bent part W | rease

lrge dGrpsion n gy cReRveiTesion pfibe puter yrEroRof be m@@ez;sfempawdsch
creates@ risk T Gfealiffel) reﬂiﬁttheﬂ'ike' PhéBfrE Qﬂlfér\ﬂﬁc{x&%'a%\?mgélﬁey i the linear part,

outer surface heat tra
and projecsigneareaiot prokided inthehirstgest, and the I i ke. Theref ore

r ovi the |inear part
RSB ShEERLR B AT R I TR BB S e
transfevgipe ns feedd infanf shemveatRA FEROfift MedtRnithiSus tht ?&fi‘&rinventlon
Whereh%g&eentl on is the hot water_heat transfer pipe

iRrIgcans grR fopned brihe applisation of feecerfiane the.ents:smr, amhare not
formedtih %@é’&fbnttﬂﬁ nfltel‘ééét@thb B lﬁ@hﬁg& in Wﬁ[n?k'ﬁt the projections

are forned he app I cation e fromthe

éx thertient p fah@t tratsferqura;rﬂxi amouat sfdeformatiérhidlgreatest in the

[ bept sur t bent a In the
pOl'thIl v@ﬁ ?é aagﬁeﬁt s}xpf?l € Ifefs {;1:3.t nptﬂ enttsppéigg @ﬁthe@;ftransfer pipe,

proj ectﬂbﬁﬁ arermt prvided igthe @é&i‘éh Wh'éret ﬂﬁ@ beMQUEHQINBAEEE FoP BxGHL, if the
ace.intersects. Therefore, in the bent section

heat trapr,ﬁrgr Pigs is hengpier horizpntalsurfags, G}Gedxrm@@t@nam nqbpropided attbe section
where ﬂl@hbﬁfbﬁﬁﬁ%ﬁt‘f&&% u‘(\gﬁ&ﬁs e B ?aﬁur face intersects. For

exanple, if the eat tran I pipe is bent at a
e hobwatet heatiiranste Pipehrecorgingjte ttei sevcshtedhth invintipn BMheB6t water

et e e B B 0 B B e Pl B g e fourts
_ mventldirt aﬂ&f‘eﬁi a Pedoad hedt QaAkfethipeis [P oSRR ML idr iorﬂ’cg’l;'é kQnd fluid

F t&n@ ter heat transfer pipe as recited In any
that supgies e d4idh thersReontliheas tramaoe nipe pntasts mug}hertshe"ace, and the
f ﬁyaﬂeff roh (A0
e VAT e SOSEEN e TR B PHRS e
locatlon hld:t:‘»ldg opihieipegionghbet comadthithefsbetind; heaﬂ"tﬁansieﬁp‘lpél heat

an_.outer s

s LT L

and indemeliarsi angcdrdeguentleforsietd b oufdd dudi@ cBﬁEs?FS to%e reglon where
J ocation out$| de of the portion that contacts th

the projsgi arhioamed prthefEIer pirfree. Rogioelions arorpedtdt pastion af @ntact
with thé ﬁcmh% trhiMer o ﬁ;&g fn GhE 58S, BY md&ﬂ%ﬁotn' tf)m%-;‘rdo ciljllf,}ga ofer

surface, and | ntations are consequent
surfaces then thetcentagtihetwese thﬂitelatelsmfudlpl}@ and th&necmﬁgiemramhﬁf Bipe

worsenp, B leB it 88 e R AT B e s e e hopcfore

by not prbe:dk@gﬁﬁ!ﬁcﬁt@n@ﬁn the 3EL8i0E 6f Bdrdsbt “Jrﬂﬁ thd Mnd’ﬁérafjﬁansfefr e, itis
dentations are forned on the outer surface, gr?

possiblg {poPrEYsH &SGR fedht Hvet idemnsiermingdieet forn s ssobdtial transfer

pipe. second heat transfer pipe worsens, thereby reducing
the heat transfer effect fromthe second heat transfer
BRIEFPBICRINEHAN QRDRAWINGS provi di ng projections in the

tyi act e second heat transfer pipe,
ﬁféllggsoss%gpgla&@nb é{}’éaﬁ{1 PUmp BRE 805 Waer ieahe ef f ect
BIG. Lrianséteniatiodiabeat offarwited Heat &RGANM, heat transfer

FIG. 3 is a plan view of a heat transfer pipe.
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pi pe. BRI EF DESCRI PTION OF DRAWNGS FIG 1 is a
schemati ¢ di agram of a heat punp type hot water
heater. FIG 2 is a schematic diagram of a water heat
exchanger. FIG 3 is a plan view of a heat transfer
pi pe. 8 FIG 4 is a graph that depicts the Reynol ds

nunber of the flow inside the heat transfer pipe. FIG

o . ienal . perspective.view, of the
PLEHie b i pib R TEniER e oI TuPBEES diSagh BHAR e Bge wanster
pipe. taken along the A-A arrowin (a); and (c) is a cross
7 td Pal view taken along the B-B arrowin (b). FIG
BTG @) 1a55455 59c1ORR Respeniieae of the bet ransfermies; o) is a ross
section@lvidii tREn hIBRg MR AR indaf; BRY F?;?s 2 crbdsGedidnil et ARN along the
of the experiment 3 results. FIG 9 Is a cross
B-B arrggdni®nal perspective view of the heat transfer pipe
] A t FIG 10 is a graph of the
g)f(%glgh n L%fwgégﬁ&gﬁgﬁllégﬁqtﬁ s a plan view of the
htat7 is n grephef theiaperdaaadesndtst o t he first enbodi nent.

| 12 ' | i f the heat t f :
LG 2 bt R Sl ! by oTET PP
PEG. 86 kod@sectioml] BrshRBivBoRY SHANRLE artep Eip%%‘(‘:&{rging%
d | S ap specti v

_to the second enbodinent; and (c
' eXPermWnéQv of another heat transfer pipe of the second
is ' |l an,view of the heat transfer
g@ggéﬁg‘i‘iﬂ?E%‘ﬁfo%g?%‘zﬂ%%ﬁ{gfﬁg“gﬁbodi ment. FIG 14 is a

plG@ri1vs eplan Vietvof thekdat vt ipipe Rc@Einges HedirftEmtR it
G 15 is a plan view of the heat

i, ré:z enbodi ment . Fh _ .
Fa12 A0S Bplss ViRvt i P heet anetRois sechrdinate hansaend erphagiment;
(b) is a prspetide Plew b YieWaPfarshe pﬁgf‘a%c&fgiﬁg EJ ﬁg&s oR& eﬁl%&‘s&ihfe'np %gd (c) is

to the sixth enbodi nment. an vi ew o
a persperéiye viewofsnetherhegetransés pitierny theosednel esbodinidnt.

is . i.s.a plan view.of the heat .
FICS: T Pln viel & el oo defoliPe R iR embodimente
EHG. (14)is 4 slamvieheof the Jesat finsfdieipartortling A6 iR fortP8mbodiment.

i ding to. the ninth enhodinment; and (b) is a
-%@?géésc% ?'G%V&?We‘%f@? heah tPIRE AARIingE t@t(hpéif@acamhqglmn@t.
by rve " ! Le > o _

0 108 9 DR U SRt R Lot B Bl
H&G13 is g plpn viewpf shedreat/ iravifarfpinetrecdrdiag t¢ thasefenth @hbaliment.

' . enbodi nent ; nd. i
BRETS N LBl ikt oL AP LR TR e C s B el pfolapnt.
BYVBD(S is a plan view of the heat transfer pipe according to the ninth embodiment;

and (b) is a perspective view of the heat transfer pipe according to the ninth embodiment.

FI1G. 20 is a plan view of the heat transfer pipe according to the tenth embodiment.
FIG. 21 (a) is a plan view of the heat transfer pipe according to the eleventh embodiment;
and (b) is a cross sectional view taken along the D-D arrow in (a).
‘SYMBOLS
1 Hot water supply unit
100 Heat pump type hot water heater
2 Heat pump unit
30 Water heat exchanger
31 Heat transfer pipe
311  Water inlet



1 Hot water supply unit 100 Heat punp type hot water
heater 2 Heat punp unit 30 Water heat exchanger 31
Heat transfer pipe 311 Water inlet 9 312 Water outl et
313, 513, 613 Projections 42 G ooves 515 Snal |
projections 32 Refrigerant pipe PREFERRED
EMBCDI MENTS The hot water heat transfer pipe according
' resent invention will now be explained based
312 ty\,@ahitrhrbgltléa%ttached drawi ngs, and the enbodi nents. FIG 1
313,513s6k8 Belemiehs c di agram of a heat punp type hot water
4 ?:‘esater that uses the hot water heat transfer pipe of
RO¥§F esent invention. Herein, the heat punp type hot
515 \gﬁtaﬂrprd]@@;ogg conprises a hot water supply unit 1, and
a heat "punp unit 2. The followi ng are successi vel y
32 Bshijgewatpipet he hot water supply unit 1: a service
PREFPRRED ﬂfN’IE@I t water storage ta_nk 12, a water
Cl rcul ati on punp , a water supply pipe 3, a heat

ﬂ‘hahstfvmterﬂ'leaﬂr&bfdrbiﬁe 2CERihg Ttd»'ih@ Zyr&eﬂﬁ@ﬁ@hﬂoﬁ‘ 84 now be explained
based changer 43’;5 a hot vvater pI p a mxing valve 17,
ase 03 %lqu Vines.angphe e 0& Further, service
VR Qris b ScheHRBE WR@rdn; 0/ ﬂé%?plﬁﬁ%@fpe ﬁHP@LtX TR ﬂ%a[% ule8 Itherhot water

hot water st orage t ank era ure wat er
heat tragsfpritipeef thy ptehé'lt\mteatlom iHeceih,ahé loaat pmmp tyb8 hiot watet Reter

conprfiS8S6TVRRL bRl et 8K 0L S SHAO°ME K2 LS LS,y
coupledaindhdiea tatkr suﬂjh? uhﬁ at @&M@é wieE Sipe fi Oé’ﬁ?ot Wﬁe‘i’ siopfge %ﬂkelﬁ a
a rt.of the hot water storage tank 12.

water cirehiafiqnRuiiPel 3 8WAkRISEPPLY RipE 3e% heas trapsien HIPRE3 h@p@qonptgtmes a water
heat ex&fanéé?@() hohotWali&r 1\?“5 %)GL ﬁglﬁxfng Q'Flg% 47Vdrd 4 IP)? wWaRk 51@3% ipe 18.

pipe 16 is m xed wat er a mx
Furthergiepacergatenyis sepplied siomgthe statee sipply fipe 31 tovihe ihogwatat sterade/tank 12.

t t.ne t Lu f, t h t
Lo 3 RS BB L MBS e Sy rse
hot watgi goeragefani\eX to the heat h@ﬂ:ife@iﬁ@3 Lo the Faled hét Qﬂélﬂﬁger%t dhdheated.

refri gerairt]1 ci.rculating circuit, conprising

The hegtest ot aisp flows intp s yppepartRf dhe it oveém gevagsoankat?. The high
tempers2B ABSWAL: Hha ék‘ftst oy tfﬂ@ qB]ie? pa {;‘ bf B8 Abt x%étt%pﬁglggé ?ﬁ%%%ﬁéa the hot

connect ed sequen ger an
water pipeflpiiymixgd vithsthe onlpwm@d a tmxeal \hatgi'plpep t @Bﬁ ﬂfeembmgtvlaaze 17. This

mixing gé}gﬁ g’ﬁg %ﬁfa?% Jtl’lel.tiil glpF:%a?lJfr? ggtﬂg SYPP 1e(§ Rot water, wincil is supphed to the user

by the hot water supply pipe 18.

Next, the heat pump unit 2 is provided with a refrigerant circulating circuit, comprising a
compressor 21, the water heat exchanger 30, an expansion valve 23, and an air heat exchanger
24, connected sequentially by a refrigerant pipe 32. The refrigerant is compressed to a high
pressure by the compressor 21, and is then sent to the water heat 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.

FIG. 2 is a schematic diagram of the water heat exchanger 30 in the heat pump type hot
water heater. As shown in FIG. 2, the water heat exchanger 30 comprises the heat transfer pipe 31
and the refrigerant pipe 32. The heat transfer pipe 31 is spirally formed in the same plane so that

it is oval shaped, and forms a water passageway W. The refrigerant pipe 32 is helically wound
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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 fromthe surroundings, and then

circul ates back to the conpressor 21. FIG 2 is a
schemati c d|agran1of the water heat exchanger 30 in

t eat vvatrhe e shown in FIG
a“’““dég ?‘?‘ Cﬁsﬂ'}gfﬁ‘éyaet"?é@??}?a %@m@gﬂp dsésgn% hestrgesgnt passageway
R. Furthé@ﬂﬁ:foﬁter ﬁir@ﬂn&ientlémi’det dTehd ﬁfural B&t 8ahsiR gise s a Waker inlet 311,

heat fer pe 31 is spirally fornmed in the sane

tran
and thefjenies sidg 0? H*&tsplrﬁltheatéraa%fsr Pipp &béﬁa wateroytist A2. dn thatveter heat
i | i |1
SRRl S5 B9 152 I bl e 2
irom thepAsRodirectipn, goad Btljatesrictat, Subsequentlef it flgws amtof assfipemsayoutlet 321

inthe 33, SHEE ot 055 Q150 SSHRYTETEEN A2 o I B iecions
heated h?l chi$ heat,atmis diito hotRated, atd@owPbutdf Ht8Rterd SABSS 186in €12

31 is a water outlet 312. In the water heat exchanger
directiofy  the refri gerant inside the refrigerant pipe 32

f N e

01908t AR 4 eI s Ry o
prOJectmts 33 cachdhavisgre hgightHi ioprovided Qa'hcallysyhim&tﬁéét a 20 mm pitch (refer

The. service water. suppli he wat er

o216 ST B0 5 08 4 VBB G L e e 5.1
FIG. 3,loaBt the profjdisioh3 1B fr6¥id¥Biivard When fleqwa ﬂ%ﬂ th@‘i)aﬁeﬁJ SurfiRE Qirection

outlet 312 in the A 12 direction. The follow ng
 are shoggningthp prosent cbatimeph fhereateripmperature atsthtswatmmlqt ne the heat

h

transfeﬂalﬂllz g[ gérdgf/?b aggro\:;(gi;lﬁllal b eﬂ%ﬁﬁ?‘éﬁ(&g pe “‘Eg e'a&g gutlet 312
is set tq appk@yimately $9°1C. Hein, 31)8 ﬂaiw vhienei qfeheawata# indhe Ieat trﬁl"sfe@ Ppipe is

rfa of the heat nsfer ip
aPP“’Xi“ha%elEPE&f%/ 15 plhia Eﬁ%?lgwi’ Hﬂgte%afsfhi) F@&éﬂemﬁdﬁ greferably 8
— 14 mith(evith\d el nirh @ifef figmp@per surface direction are
}E . In the present enbodi nent, the water
ﬁ%—;ﬁ’@ﬁ 2107 ohtheReanelds rymber IR@tof therfloy inshie thedwat transfer pipe 31,

As sho% MBICY, MeRGyrdldd SundSk R‘é %&J ﬁl f {lgeq'fat trzgsgeé pipe 31 is

t evvater t enperat ure at er ou
approxmt@lp Bs(192i arsittbt §lo@Gnsidle tHBplpB ing, mttln:elafﬂumn/ﬂmd ztaﬁe £ofthé Rater flow

advanc%%a ét? &éltgt%or{fsal‘g #or arﬁ 1:@(%}132:1 R% 3-{% q:#gg@rant pipe 32
shown inf EIKBSTZ SherebpRaidite e QaRE ?éﬁhﬁérzﬁure THé'lnBi‘Ehs{eW“ta'Ebr ft‘en@perag&l%

mm_i nner, diangter). FIG 4 is a chart of the Reﬁ
decreasg higcpeiRgient ok Higeopiond thypige which gradually inonesen thpRpmolds

numberHe. In ’P?C‘nslh thTR fﬂolgé %Iﬂbeﬁmeat Bfey\ge%ld(%t]@% i3 ip%%oﬁma%e?y 7,000,

wat'er inlét 31 eat trans
and theflayy mndnﬂteablye B, ui)ﬂxa trapsitdornt tmlefwm thBS]odEtrstnbElom femiléminar flow

| ow zone er. fl qw advances
to unbchy 05 KA iRvine SRR 185 RRBr ximvspieiss B SAges of he
plurallt}?l eﬁt)rowctlhnst 38 previtiedde 8o bipRiffer 3 fact REOMR Helk thhFelpipe 31 on the
hereby raising.the water tenperature. The increased

improvgEiPn {herh5a GARSICE PeriRiRaRes el enbepuspie %ot | of

(I)EXI’ERMN’YlOf the water, which gradually increases the
nol ds nunber Re. In FIG 4, the Reynol ds nunber Re
EI tHe) isatasesssentional psmﬁeqtlsre afev abtherheat krynsTerGigk 31. &néixpenment
ion zon

o AR ISP O 8 b S R A o e v

inner surface having an inner diameter D of 8.0 mm so that the pitch P in the pipe axial direction

is 20 mm. FIG. 5 (b) is a cross sectional view taken along the A-A arrow in FIG. 5 (a), and FIG. 5
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to turbulent flow The follow ng experinments were
perfornmed to investigate the inpact of the plurality
of projections 313 provided on the pipe inner surface
of the heat transfer pipe 31 on the inprovenent in
the heat transfer performance, and on the pressure
loss. (1) EXPERIMENT 1 FIG5 (a) is a cross sectiona

. erspectivye, view of th e§t transfer pipe 31. In
(@ is a s sectional Viey B de Bgs S IHEWr?g(g}aAﬁéwgh@ sqqp fign FIG. 5
(a) and FIG. (), ah€prdjeeNorier] 3\es foltad by teiine Eﬁﬂfa%e g? ir%d%ﬁtir%ntﬂg outer

i nner surface havi % an inner dianeter
surfaceofy e hepidragster pipp Ingdditienssisen hs iseen frtie Bit 5 ¢e), edch pRgjection 313

is formﬁ?eg tﬁ{ititsgbpéﬂo@mi,n :ﬂ?}e tﬁn&@%&?sg?&&&g% gﬂegrll ié‘éfli%%a‘j.%kf%?ngr? hgtsns%gaced parts
31a notqm?éée&\e'ﬂ:h pm_limtgonsi gt bfa Mnﬁﬂﬁ%‘adﬂ?&)ﬂ&lﬁgﬂﬁh&ﬂg b 8)@1.@ IG. 6

. can,be seen fraom a) an ,
@ granfiBh o R RS gt e ok ol e petion erisok fsgn the
flow insidélghetpipedeindan el 18hinad HbWaeRe & wiiD ?srtgirﬁl}?f,t_jlogﬁg rﬁ?&rﬁﬂqe é%n(l:iﬁar flow

pi pe.. I'n addition, as can be seen
zone to thesfughudang How ggne, the legt wensfes perfrmance &r dteagpse inwitittea smooth
: ' [ i ' liptical . Further,. flat |
pipe nol GrORUTLRE pRAECR] R uskl BRL S 5% B e Rin e o coch having

a heighehll of 1. 0mmhee provided sertiéaiyesypindtiesdwatthé pianst iﬁfthéFJ{fJiBS axial
e In

e - 31 L FI G a aphs, .for each Reynol ds nunber

directiop H%?‘FBW- %89&%1) e Bﬂﬁm@ axig Eenresenisiicsyay of thsrRemelds pgher Re.

The vertibsliafii répiesehisRife R8b (Nu/Nuo, Réhil iR bl m%lﬁ@ﬁ&‘éﬂ%l Nu of
as transitioning fromthe lamnar flow Zzone to the

the heat;trangfer pipe 34 pevyided veith priisctienst3 18 e theNassqlemvinreniioo of fharsmooth

' : i ' l.ne rovi ded .w.t h .

st bl R oSSR, RS ALK RET R 1 Nomcien o

 heat trapsfer] wovértdso 8 I8naaivhlesamimier, whibk bgtds dslan @idet oPhdW e heat
ic so that the pitch Pin

i ded t] { ly . t
transferF Fﬁ‘rgyp g éolV \irv%” t%a ﬁg@%’ﬁlﬁg Earég%nﬁmbeq;meteﬁ@pr’ thatrheat conducts
from th& e6lidzwall @l th@Rii. A&B[‘(ﬁﬁﬁ?}tﬁe faRger Vi) ENgh vl tﬁ*@é{é@eﬁﬁle
ratio

nunber Re. The vertical axis represents the

improvemgnt My &y heatfimansier perforeancgtof thedfeat thansfiu pipe due tothbprojutions. As
B T e N

] proj ections t
in the heattrandfer geefatmancadsé ertheprgections PrIOWic @hovd kdight H1 is 1.0 mm, is

rojections. Eyrther, the Nusselt number is the
clear. IR L i evngldh dber Rt gpeaier Chon PPN, then the
improveéhéit iBihe Rk $@ndTa fREform Mk Ghe &EhY ggbri?‘,gio% ]{3'}9%(1 inBdWhe pipe

. easily heat transfers fromthe to the
is modeft yj 9> the |arger that nunmber, the easier that heat

' fl4i d. .
~ DREEYE o AR A o B o hoa yptsrogstion
arising frova the figw inselesin pibeibtihg inhalaniinan@dvezonees el 3B hefsidning from
 the lami he hea(t) ttrﬁ?Sf rg’%i ﬁe due to the projections. As can
par Ipgsone g uEsE Hyw zpge, thedrond i Giedquessurriss iridejthe pipe for
the casel FF9Sing AAMOAhGREL ndt BEVideASvitRHRYUEIRMnd thdcdsd gtigﬁl?%% heat

transfer performance due to the projections
transfer pipssd mgyléepﬁ verfically symmetrie withsprogsictions. 3 1Beahvehgse htighhH1 is 1.0

REMAOLES P : L iS1: QF hothan.or equgl to 4, 000 -
mim 0 QA P o R 20 Pl P opiaPrdt s ppresems
the valud ¢é thedReyhel dpnwijiter RieoTise BdBeap e icheckents Hiedatid (o) iwdech is the

. LS dest.. . Fl raphs, for.each Reynol ds number
ratio of E‘ee P:Ta[tn%nltnﬁ E‘l‘fﬁé’ﬂ,%’ig‘gf&b&)f 61% l}?gh%aé}s;eg 8ipei3d ,prowged with projections 313 to
the Fanning friction factor fo of the smooth pipe not provided with projections. Here, the

Fanning friction factor is a dimensionless number that indicates the pressure loss of the flow
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arising fromthe flow inside the pipe being in the

| am nar flow zone as well as transitioning from the
| am nar flow zone to the turbulent flow zone, the
trend in the pressure loss inside the pipe for the
case of using a snooth pipe not provided with
projections, and the case of using a heat transfer

.. ' [ OVi vertical [y symretric with projections .
nid B e PERN S5 HERS. BP UL TR LR B AR e
Accordingly) thdierger (he fifx ivalue thé gehicPthe wWaitet Yrd¥ire F4s ififle thd ].Flﬁe. As can
b h.onr‘ﬁ&é‘?g]@gﬂl .f%l s represents the value of the Reynolds

© seet it Mipgdayeelds pumbenR s pppresmaialys 2,00 ireatf the flow inside
the pipé t9 ih &lo lahias Aol | in§A0 B oSl 81

ep_lpf acl_t ore f of t ﬁgs_zﬁggﬁ hﬁ‘?ﬁ?&éﬁ%&%@“é@%@%ﬁ%@% pRe 3
provided-witle projestiens3l3 is equivdlent Fathat imgidé thestriooth fipehatpréadadfwith

: ' rovided with projections., re,
projectiS IERREL aBlih&33bigh pitbirafe fiseatebilie Mo e e
transitibiafiror tioki lamines floweops RoHBE RRLUIER F100f zohBahd {Jﬁﬁ‘éu'rell%ss inside the

r .that nunber, the greater

. i nsi.de t.he. pi The | arger .t h;
pipe dufg s heqiectians P L3 erogtdes e T wine imhen suasetplsqoinpreases: furher, i the
Reynol86 f@hBir R iy grebfd® tHag od @(iuaﬁ B2y Hdd et %ﬁlﬁ%gssh%?o%gﬁﬁa%ée pipe

.the water pressure losS inside'the p
remaing gibstantielly aongattb) ;| i f the Reynol ds nunmber Re is

(Z)EXPERﬁ%WEely 2,000, i.e., if the flowinside the
pipe 1S 1h the lamnar flow zone, then the pressure

 ITodsvestigaitaibe fipadn eAthe heASHE bf e PRojeckionPs PYbifiBE hhtifnster
forr o%gq%[ [ otgs 313 | lsqgeqw valent to that inside the
per Omg"’r?ﬁ P P& PHSTUIH K8 PHEE taptinsidgthe paet ¢prmepiciuwesperformed by
varyinghe hEight ey BOthe prdjttibas 3 B?prbﬁﬁ?(?&%ﬁt% Rgﬁﬁnﬁé‘ %mfletc%}’%lvcv}. 7 (a) graphs

Inside the pipe “transitions from am nar
the heat isanster pexformapes fon therasd inowhictoprejectidres haviag liff@ingd®fhts HI are

. . iNSi ine due to the .projectians 313 pravided
provided VS Rinm By By dnes oS B Pt e Sienid f 6 jmm s
that thetiteh PRe ieqdiisaxiul iivetidnels D6 nii. FaktBeér, thBABriintA AR refresents the

renmal ns

000, .then_.the pressure | oss inside the pipe
value °_§H’68‘F§_ht ﬁiPF CPEHeTHRRE 313 The psgtipwianisiEpresents the ratio (Nu/Nuo),
which ik Péa&Hid SFtheNLSRIHINTRAEL Nﬁfof {h*é%eﬁ%gé}{er ipe 91 BEOQFdeg with
ertTornmance and

. projections 313 on the heat transter
projectigps 3 o thasNussele nimober Mifo ofithe Sthanth hews traesfértdpen@rovided with

. ' . rfiormed b var.yi he hei ght H

proj eCﬁgﬁgthlg g(g%ljﬂgecrpﬁg%égl%ggg e@egmeét@bre lf‘lystfﬂ'gwb?rb@e %&;%@qlds number Re
was 4,000y dndclee ddttetBlire teplesgiitd fHeSexpéritferta 3ésults ARSIHRA the R?;{nolds number
R gie@&gnan e for the case in which projections having

& Was (et i1 WePEhiramiiiGat @), the grontartbie beight Bhpf the projections 313,
the gredAd S fiirvenibnd ' ' NUUCIeN

© gredi anmet eﬁrr VD ofn ag}g@hﬁt E%Hssf % g{fﬂ?ﬁ@c%ﬁ?éﬁ%ﬁ{éﬂéa&@ vﬁllnfjhethe
Reynoldsamummbeg Re avas 490 iagd 2000 additivhes cart beesehn forothe dbttaiding in

: Vi e.of .the,height H, of the
FIG.7 (SRR n TR Syl A mEeTehenty B pldrangfr pertormance
when thedteight HNof teqyojectivhi 613 ivas fehethind 5 g bind R R!g%ﬁk humber Re
20 blg%)fgr Nu of the hﬁat transfer pipe 31 provided wth
was 4, @ SO RNFEIeEY 1 thoheah panghereripreangn Brst pprsatstwhendhe height HI of

the proje&mk D1 1AGk ab6RIBE &im.Pi pe not provided with
jections. The solid line represents the

ro
gl@a dr(Pharpnbys the resformandemf tharmtire reet Rewsfeo bipe fowihbd esseRe which

N . ted li.ne, represents the ) .
ot PR AP SRS Sobelnacn g o
the pipevessal 2jro@dn) e leanirhefes pie WHosdnhb/G@idméta) D . OheATEbther

L he hei grl‘t H]f of the ro{lecti ons 313,
words, 1t represents the performance Cothprehensively taking Into consideration the improvement
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the greater the inprovenent in the heat transfer
performance, for both the case in which the Reynolds
nunber Re was 4,000 and 2,000. In addition, as can be
seen fromthe dotted line in FIG7 (a), the
projections 313 yielded virtually no inprovenent in
the heat transfer performance when the height H of

. ' ' 313 s less th 0.5 and. t he ;
inthe 0B B 052D R s PS h SE R U ppgorzoa
axis represdntst thanalfie of the heght@MBeprojectbnAPREAXrEcaMaLis rdph&ents the value of
h t.hw Eﬂ qf ,hge projections 313 rises above 0.8 nm ]

e ratip ") iiFiajstae taHe of iebisrriieisntsr Nurnd teheat anseapipe provided
with projefiss@b tH MessEP hurhhg NS e snfdlnb Beat ﬁg@ég&&geoﬁ& g{olvilded with

: . having differing heights H were provi t1c
projectippsreividedbythegathp(fifm), phiobhis thie matic dfaheFamimpxdriation factor f of the

heat sl b Bt iddd AulGRlechoR TS 1eipaPurhg SHeHEn Theror ot dieomopth hea
transfet pipe petrdrovidedeith pedjitions ASidwehssed akdveOthk MrSer the Nu/Nuo value, the
consi derati ?n QS i nprovenent -13 in the heat transfer

greater the improyemen fffl trensiprResierrasnces andrike lorass therfdo value the
greater it WASF preddife 106 indiBL iR lpi @Ab&r&iﬁﬁéﬁ‘ﬁ@ gerttﬁeeva\ﬁ?el Hduo
the h h éEQ|ons. vertrca

T ei ght of the proj axi's
divided bsplfos g eseaterdhe/impuevepfent inhike heat trensfddpefomanceyhhedindlRr the

e B 8l S N BR Y i e r
improvhinsmstch theperfoenaile @f ee ehtif: HeaDRIRfPBRE. t r ansfer pipe
o}:(gro(g)i"%iled W th projections, divided by the ratio
?‘p 1y, (Checiolid ding Froressats hesrpermaentalmasulig Torthaedsowhere the
Reynolﬁ@ﬁlﬁlﬁﬁerfRe%ast 4}@00, hddhe Hbﬁé?ﬁ;&.rrg{tﬂjf:&%ts&ﬁg ?}gagﬁ%g}’l\%t r%gﬂtg for the

projections to the Fanning tri on fac
case Whei teRetyaelds nemberdeswas, (9. A tarpboseen GSmFICGH? (b), for both the

esh i As . dj SCuUsSsS boy e larg t he Nu/ Nuo
s RO A0 ) RENREE B REY Enod % VLS DML, o
- was largesandéethe heighooNthe Rjectionh froadbRmeRE tHRaf t./rz{r@fr‘?}’ ﬁpr Sas 0.8 mm,
| pe.

t he reater the ter pressure loss inside the p
and decxeased %@ﬁ@ﬁ&y Wliflﬁ'éhgg?légrof the@raiggtisas oxcerilgdnlid mily pthexiwords, in
the lowReyhb1d® nukbB&: SSESGH Hﬁm‘: R Lei
) .0 treg%sf e?uperf.orﬁglﬁggpgt e %?r%ﬁ?@?g%g hg?tnpa%ﬂfgﬁﬁﬁ%{mgrﬂ‘éed
when therhsight of Gaprajestionowas inshprapgs of @8 -OBminn $n patitillar, Riseferable

; e_.i Mprov nt.in the performnce of

that thelfbfknt Bfind R Glont ?%3?3%8&03 9 Th2E 7 (b). the sol id

(3) EXPEREMIENT B8sents the experinmental results for the case

)ﬁr,gere the Re nol?gs nupber Re was 4, 000, and the _
FAPEHIRR % gl asrtmpingbe bsigirH hefheprojessians B3t ais, as an

index, thB RelathR$6uNABL]HIAS) ¢ 7);‘,%‘%%1:’{@ %ﬂaﬁgbfor lﬁ%ﬁéﬁé gl%g?@gct %Aéxriis relative

can be seen from FI'G or bot
roughnesy SR wo [thishest trivesfer Rerfovasngs 80 0orathe pres@0O]ost bthy bwanside the
. f A i Vi flfa s .| argest. when..t he_hei ght
pipe, tfexpR SOl Kt Bincty o Rl e Yoheedb B REE 816) raphs

the heapirmsfenparf@nBinesby vavidg &memﬁ@@ugm{e@@gt Dr/TPnMIFtEe E‘.)t?tﬁse when the

hei ght of th rojections exceeded 2.
Reynoldigpfiber R was TGS A0pRamd dofomgise imbich rsmoptiepipe not provided
with préjesons Mase@pRiyed. MerRlthd Ko i RSl IRE QNG Lt
P ‘%hen t he helpg%,t of rt he pr 5}&2@%&} %}%gﬁgegéqtgﬂ{%ﬁ]giu?g%glg%%F tive
roughngss §H1/D). Therwertiqahaxiarepteseritathe ratto ™avNusf whizhlisthe tiatof the
Nusselttfhlﬁxbﬁﬁ]Ng ?gsh%fgigggp%ﬁhisgﬁi Bi%ided wilh progetin9%s & thd Nasselt
number Nuo of the smooth heat transfer pipe not provided with projections. As can be seen from

FIG. 8 (a), the larger the value of the relative roughness (11/D) of the projections, the greater the
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In experinment 3, instead of assigning the height H of
the projections 313, as is, as an index, the relative
roughness (H /D) serves as the index. To investigate
the inpact of this relative roughness (HL/D) on the
heat transfer performance and on the pressure |oss of
the flowinside the pipe, this experinent was

impo A 5T AR B S Ao A3 PSR ) ot e

FIG. 8 (s thee pg)_]édmens' ﬁbl&t\ﬂu\ﬁﬁallly esRmicht 141@3 hedt trAMRfed é&tf&'ﬁlagce in the
n,h B’Phig’ %‘EX ds nunber Re was 000 and 4, 000,

state Whgp ypolgyym W%H%%@Fﬁluppﬁ@eﬁ@@mﬁrr@meﬁ (HADYis less

than 0.pr 0j ecti ons was enpl oyed. Herein, the horizontal axis
re resents the value of the relatlve roughness
Hib) grapls ﬂw@rp@rfemlarm p§the ephms’memﬁtsant.ﬂ&empaby Qarying the relative

t f N\ | t nh \|
i e e dn i el B poFeteronn
projectBihS was embbyblm&m‘:élh thEl Hof RN Qs Sdp réé@ﬁ’ts Rl of ﬁfbtrelatwe
e t provided wth ections can be
roughngls A /15] TR Pireicel R sebresents thayales oﬁtia@rauam@/bbnb) tv¥hich is the ratio
of the N@sélt hiBbérMDSRS Reat Harddfl) tll?é prB?lﬁecp ?ﬁ:ﬁéc%oﬁ% to'HENusselt

greater the -14 | nprovene rans
numbepNpe gf thesmeoth heattrpaster pipe natspmmdedbmth @mjedtmmdwwcd by the ratio

0, 58 B e e A P B providea wis
proj ectpms tcmhﬂfﬂamﬁn g frictibe facedrdd of ie@mobittheRaYMefef Siph Hﬂﬁﬁ{m’déd with
nd the valye of the relative r oughness

proj ectlrogs |Aéss scupgeg abeye th eﬁr@rgh? me ggr@éqrmmnmwmht in the
eat tr. : Eﬁa ﬁé’l—g Srf;ﬁz(l{!i'l? add t!hE ?&Q rgﬁepfgoﬁgtg%%’ the t%é'te'? %}ehwa e é)geéssurﬁ\ioss inside
the Plpwﬂc@hrdalg%mﬂtﬁtlhrgpn qbe valoe OﬁNw(I‘iTmhe;HvMbd by f/fo; theggdatanise Was

th nt al s re sents the
improvESPAAK S o e@F%ﬁhe\?‘e“ g ol ﬁlf/l@})agﬁﬁ the\REplEFtiogs on the
pressurakoss insijerths pipe,and e gradietah® fmprbGerhédk iPthé ce IMhEbhtire
the ratio. of the Nusselt nunber Nu o at

heat trapigr Bipe A 9 e B1oen TR B1Gu ), R by B steias Tdhen dletRfeands seinber Re
was 2,000%88 4,000 Qho {athdr6r 190RRL I?ll\h@%f Iy ﬂdﬁ:}%{) %rgﬁsg %?181? relative

provi ded with projections
roughness (HD) afhecrojieetionis erqvatadonme thk he&msmgnlﬁer wad a) OJend that value

p rovided with

sk 56l ot JE B0 REL T BDRE R S e e loeazs

other wsrctspinl‘thélb&t Réynahis fn&ﬁlb&* lﬂ@sd&ﬁbn ﬁﬁ@?’érﬂaﬁﬂaﬂ&eto@ the entire heat transfer
he | arger the Nu/ Nuo

; elms ‘)g thF rgh Qﬁ di scussed above
Pipe Impravgd Whep thegelalivedoughisss @Hﬂéi/@ﬁfﬁﬁprq}wlwﬁeﬂasne ghe range of 0.1~
0.25. Ithid pREERAPSEfAHIPRSShe AHivE ?&eéhﬁésggﬁ @:%g fél(e H?ﬂg&bolns is in the

t he great'er the water pressur 0S
range of@dérdl Wyl y, the larger the val ue of Nu/Nuo divided by

(4) EXf'?ﬁEME{PE‘f 40reater the inproverment in the coefficient

ransfer, the smaller the inpact of the

Bxp@renent drempires iReat paRFeHife 4 0D wns FIS otbith ik B@at tt%ﬂgfer pipe
t he }ﬁ t r the inprovenment in the performance o

31 shovgry iy Fins FONVSH &7 hyipga denth of . 2b@nmlfomdnd B eginner
surface G)bihe Heht tﬁ@ﬂsﬂ%r 'B@HP%hM\@ﬁ th F ﬁ?? W%P{% il B l]E\gasf g\ﬁ fm.

000 and 4 t’he val ue o uo “divi
Further,vghg grogveset armnescrtted belivgsi HewevenLig threcigeat t(*zh:[hfeD)alp@B 1tshéwn in

FIG 5, B ARY hPMBieP G T8 Suc i o RS R Refteally
symmeﬂrlelsatthat ﬂle[rcplmglil weas 30 farll. /A0 1K (af Baphy Bk 86k LaRSeSHeEBRAS ., for

each Reyngl%s number Re in the low Reynolds number section arising from the flow inside the
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ot her words, in the | ow Reynol ds nunber Re secti on,

the performance of the entire heat transfer pipe

i nproved when the relative roughness (H /D) of the

projections was in the range of 0.1 - 0.25. It is

particularly preferable that the rel ative roughness

(H /D) of the projections is in the range of 0.11-
heat

. . R I\/ENT4 rinent, 4 co res
PIpe bé}“% e@%@fg 8%”6%?%?1@1@%&%01{1 Tminer flpw 7epesio the
turbulqnt ﬂew z8de, drakiicdse OFblﬁpﬁymgﬁlﬁ@IhdAt tefsRPYER 4422006} AR cse of
1 ﬁgﬁhﬁ ft 0.2 rrm provi ded on the inner  surface of
employ!L O5¢ W%E%PIQP b1 %%‘emithe dptintal gxis r@rgsenmm@memfehe
ReynoMk aRb&RLT Yi@%er%cag atf¥re 1%&5{5%@ ratib ?ﬁu&ﬁx%g 1?}18[1[% ﬁeﬁano of the

represented by |ines. mever I'n
Nusselbmp@beg Nugif| dahtrarsife® pipe H qmlduha]haat trarsfer pipej4dab i@ tSusselt

ht of Hl ovi.ded vert| cal |
number o 6782 A8 HRatted i Pog Aot aroyET b iicaies Forpy the ot
line is tjpf:apﬂianﬁdnml Hetatwhfefz ARSHeRS traRfer PIPEBN Gas effPloyedBmA the dotted line is
eynol ds nunber sectl on

Re in the | ow
the exP&F?‘@Ptﬁg‘? 7 e B STAP REPiae A1 s emglopwcb ésk@em hg sen fromreFIG. 10
(), whb@fﬂe'l@&n&ﬁ@%rﬁﬁ’é’f%e‘ﬁ 1848 tHan QSOOE)rt? g@ﬁﬂf)? the Zone [fqe%t:}ra{lﬁ‘gr

| ami naf flow zone to the turb N
performanse dug toghghesy tranpfertpdpenlaprovidedevite prajéduienstdl3 igmebré farked than.

ng. the h sfer pipe 31
the im n?e‘ﬂ? fo tﬁé h%ag g% gn tpae?fog%mge gﬂoetg%ﬁqaé tr er\pé]qubl prpvided with
grooves hZa HcR&,yrBlQ indien therfashokde numhbér RSk 71008 lor @f&at%r i hﬁnt in the
" heattr ‘?_% awu({Nuoh@ which |s the ratio of the usse
 hea EW B ugdo Hisdeat tranpier pipe gi provitedayith grhevesdais more
ked tha0he Shplol B Nya of  Lhe
e Dot b heat 1 ?lgég %@r}kg‘?%%lgﬁ? él"porrglv %b(gle i {1 heat transfer pipe 31

providgswitleprojestiens 3art her, the solid line is the

e T (R R R
low Regmlas minehier bdveioh efding freRSthe NoWiiRededthe ?%g b@ﬁ{@llﬁ)ﬁﬁqmﬁr flow
e

be seen fr m FI G 10 when Reynol d
zone a5 ell g irapipwing Sou i fwipan dimv zqnigdo thepwibulentfiow cone, o the case

of empi&?ﬁfg alHeBenSfer pe Wl East UFe n@ %@g alﬂgﬁt hif eﬂé&géb Herein,

pirpe 31 provided with projec
the hOl'tzﬁ’é\tﬁ] axig taprefemge the salpa of tha Hehmlﬁnemtm‘tter RBST Iﬁfvertlcal axm re resents

LIBAG heat _tr.an fer e 41 proyi

the rati® FM#} gr oogg’%ﬁ‘é‘g 8@@6‘8}1 fig (fjetiAn fagto ﬁﬁha%t tf?aﬁ%réplppaél and

heat transfer/pipd] wrthgFaatigs ﬁ1ctlbﬁfdcfﬂ?|f'@8ﬁtﬁ@§lhod)tﬁ hEJi’eranEfé ipe not
ansfer erf rmance due to the heat transfer 8 H

Pro‘“debr Jage gFto thesolidlinasis i @Pemﬁmloﬂat&whert the heat transfr
pipe 3 llv[?ﬂ%reﬁ'}pﬁﬂ?%ﬂtanﬂ fhd Biftel ‘Eﬁ& ésttﬁéggeﬁfnggt%f 33?% ﬁrg Cﬁwglggt t@ﬂgfer pipe 41

the heat transfer pip
was emglpyed. Byscan be se(eb)frogl EEhéO(Wewherefshs Memdl%mmm iRddis bppRoximately

f yno i.n the w _Reynol ds
2000 R8s Qb BAGH: Y08 TESL B U i g s o,
the presismeriq;ssllsmrt e withthe presduk OMss BOIBE HRSMIBIH pifS However, as the
onl fro thelamnar flowzoneto he

Reynol{l sAbA dhe feyy insils theypipe tr@tfsm;mg |f@yn tlng laminesffow
zone to &}Eeﬁﬂﬂfuﬁht ﬂd)\P Qorfel theﬁgssﬁxlé%éé qﬁs?deﬁc ﬁigg ?é/ torkge 10j ec‘?ions 313

transfer pipe 3 rein
provided gp thaspips wnersurfoed inereates tHimveRey mdkenl ﬂqerﬂﬂ‘ﬁoﬁmdBehe Heaetranster

pipe 414€hithé Bl S w BRE §SEHLR all sections of the transition zone from the laminar

flow zone to the turbulent flow zone, the pressure loss inside the pipe is greater than the pressure

loss inside the smooth pipe. In addition, when the flow inside the pipe is in the laminar flow zone
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the ratio (flfo), which is the ratio of the Fanning
friction factor f of the heat transfer pipe 31 and
heat transfer pipe 41 to the Fanning friction factor
fo of the snooth heat transfer pipe not provided with
projections. Herein, the solid line is the
experinental data when the heat transfer pipe 31 was

: he.dotted.| th tal dat
endior 8 Rt Ae SSHERLZDE e Yl P g i el flow
zone, tb@pmmfe Tosiffside thelidaf tansfer\pipe 41 h@g@ﬁbﬁﬁﬂlhﬁﬁw 'ﬂ%& 1o|$§m51de the
heat r Bﬁ\ﬁﬁilmtely 2,000 in the heat transfer pip

ca @S@r A FRR §9 6P framy trealiorye cppasiandngal ﬂntaithep¢rﬁmnnme of the
entire HeaP¥ard R Bipe 31118 h@h@ﬁ:ﬁﬁﬁaﬂ &S5fe fﬁe%t &%&&{%%th the

pressure Ioss I ns1 de noot vér, as the
Rdy follarsing gmbedinrats fnxtheaspsamasndcmtae tHidt diffeir ﬁsmae hrit&»vater heat

wnst B oA AR o LGPt bt iBeuch
the inneludiarhetet bethpmeigmt}mm B8 3he ;Hfdﬂ‘ﬂf@%r@ chidiS, RliRk deﬁﬂﬁ of the

sur face |$r ases. However, when the f1low i nsi de t
groovep, arg megely, “Strﬁ‘il}ffelﬁmios% apdhitasalsq possika tofusain these embodiments

the val@é%dz’s&f inite AbdvemRftid2A 8x }?:lbfé—m%eg% LR ?5% t:hg Qum@iS § g S

am nar flow zone to t OW ZOne,
variougfragaagiers recited in heicthéms.he pipe is greater t han the

, mq RS i nside the snooth pipe. In addition,
<FIRST, tlgmrémowrn&dethe pipe is in the |amnar flow

At dirst bmbodiment uses the heaBRsRFE pipd 33 heS86 bfo?é&ﬁor%feat‘:}hﬁavmg a
ition zone.fromthe | am nar fl ow zohe to
heigat {391

0P &¢ BRVvided verticaliyesyprmeatde pe thedaner iswgicd ef thh@lpe whose
inner di@mter Iy B8 fim & ﬂﬁ@t td pich PMARL &E ta;?‘agrﬁecﬁs ik e[g &hisat

| oss inside the heat transfer
transfe piperd hethakfmsl@né?;oémmtmmﬂwwrﬂaﬁia 11k anwlepfojb’cﬂ&ﬁcﬁsféﬁch having
her than that

a height Flﬁ tort; Bl eaear? el 468 %Q‘%{eglrép%i&ﬁw lﬁoqaft:]lb ‘W@g a height HI of 1.0 mm.

In the lewﬂtegrndﬂldﬂ mnswzrohe theShiidle Phdjedtions 6dridfiBisie t AL i r%brmlﬁﬁent in the

rP t he ho} wat er heat transfer pipe accor
°°°ﬁ'1°’reﬁte° Heaidemster mpes e e spal prajections;ihowicrey, mrtb@highrﬁnmlds

beV :
R S R s R A
transfe rhere ﬂg,qmtbq é@ge mpgchwemréfore by prosidimg ihe emallr bRYSESns 515 each
ossi.ble to.use.in these dinments
whose fhe s 5 Ap B ARR B ol e St et Egl O gn, o
synerglmai dffeasistableievadnin that 8e préjB@Rs 913 IlGovd/ME | 'h@étstransfer '\]/)é:rformance in
h t|o a};regte @;edlnthe clainms.) <FIRST E
© sectgawhere i*eeaee ﬁ’é‘ﬁbefd‘élé’éﬁ @zrrbthn é@ﬁllprfamtmr srﬁ lpwrm heat
i
| transfeViRRfofhah R R IHR GEERIASY t r | C b %lg&h 'f!lera)y 1mpfovgég the

are provided verti cal i'nner
PerfOHWCQﬁ'fethpﬁlﬁieeM%changwer d| ameter Dis 8.0 nmso that

IRFE he pipe axial directionis 20 Mm 1In a
<SEC(?1 ?r an erT%r pe 51 of the first enbodi nent, as

sxrsehmm m IFI[GIZ hﬂaeasmlsfer pipece eﬁlpw}a-d milthe 88%Hd Qﬂubd‘i&enﬁs
deg 63 mm ar e rovr ded between projections
provi f@g’el%’fe CHiony, d akPnEérh@h% iion ghe pipoinmgy surfage. thG. 12de) is a plan
view offtRY Rk tandfa IS 6 12 GREFIC. 1 3¢ Q]Ee]; e%h@%“e%']ﬁ AR - DbE pipe

to the inprovenent in the 'coe
61. Furthezmaze.che hejglet H hefthe hrojestians 613rin] QmDmthcHRMﬁ\tm , in
circumfeRGtil} cﬂll%ctﬁﬁy i %'rﬂ%m, and a pitch P2 in the pipe axial direction is 6.0 mm.

A heat transfer pipe 62 shown in FIG. 12 (c) is provided with small projections 625 each

whose height H2 is 0.3 mm between projections 623 each whose height H1 is 1.0 mm.
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- nunber zone, the small projections contribute to the
i nprovenent in the coefficient of heat transfer nore
than the large projections. Therefore, by providing
the small projections 515 each whose height H2 is 0.3
nm bet ween the projections 513 each whose height H is
1.0 m a synergistic effect is achieved in that the

0] ect. 3 ve heat transfer performance
Furthef I iR T GBErewia! g Siionds2.Agmband ppiteloRé imihg pipe
axial dirb@icaM®b 0 o) ecti ons 515 i nprove heat transfer
per f ormance in the section where the Reynol ds nunber

<THIRR EMBEDEMENEBy i npr ovi ng the perf ornance of the

o0y 810 T PBR i D BUBSRLIENL gl

: compnsmwdtmn@mnmmd with prj@tibaeeB3yeida fcahtedy mg&l&d with

f
i R el S S o G
vicinityFbfa witdr 61}3)et 632, TP &nSeefine\8 thd \?éﬁ’elotvhfcp?s %ﬁ\ﬂh i rh?éi‘l%[‘l e

61. Furthernore, the hei ght
Vlclmt)b??g% evtle 632 ofi he heat trapsfampipe 63, and ltheR 15|t11erd:fh1e arisk of scaling of

“the plp@ ’wraﬁ “ﬂ%gc{] %fog l%hlaelgz!rlré ?f(l}\)écgeﬁl ih ﬁ%c%oﬁ,?ﬁf& Dy 8 éttm )}r éfﬁg’Pg? sclalnng
Therefqmemaﬁﬁg islsoppressed By fot brovidihg ipfojeutions Makk Q%ﬁ(kh @ﬁﬁidsnmned in the

ect]ons ch _whose height H2 is O.
viciniof € Silel PRI 537 o8 "Gike e @SrEhight ' 15 1.0
<FOUIWHEMZS(EDIMENT$Dre a pitch P3 in the circunferenti al

direction_is and a pitch P4 in the pipe axial

disrsBewn G 12 @qamramﬁqqpm @mwmmmemmmem isa

grooveg' hﬁl ? r?féﬁetmﬁli ﬁ%}%}?%‘?éﬁ %:a(gqel!g l 181{00&11@2 attl&ep%r%m projections
643 caqhriujvingtd keight S8 3 1andmears privided v@ﬁi@ampﬁmﬁﬁam Q@&aWhEi? pitch P in

h b ed
RS T T o O T
providing tiRprejettics 6682 thd Bipe PRIBEIIAL Erogtrestﬁbﬁ a é\%@ sas gﬂér%lgtic effect

is.,a fluid, is high inthe vicl of t
for the gtire heatfiksrsfer piandyede thy $e063 64dand ﬂheprcgeatrsns 6@ efore a

<FE‘TII}§MB?§DE6JE of the pipe wall. If projection parts
are provided in such a section, then it nay pronote

doahowy in FIheés aﬂmamansfeapipa@snempsém ieHE Eitth RbdAment comprlses
asecnog yi d(%l gﬁ;ﬁ?r OJGSE?“ ons in the section 63b positione
re® 20 BPFHHPY OBt A sRPoPiBP ibtred t the section postionedan the
cfpestad diRet 652; Hi @ el Q\E@ %{F;N'
Vlcmitthl G 14, a heat trggtgfélgr plﬂr;'g 6%3 {;ﬁ%\{%éﬂelgm of

1.0 mmy a5, proryiderti the geanved Bipa prayideseith glop@es mﬁéeaaﬁdﬂvmgtardepth of 0.2
Tl‘gaféﬁ%%§ 6529' g’re%%ﬁ%eﬁf@& h? %ings ?ne &{P Wg} tg e ﬁ% %gg gn eéalrcaectlons

proj ections aving-a

653 achieving alsxhevgisticietfattl fyr thy emvire hiest tﬁ@sfeh%’be tsEeﬁinl’g lpsdp@fbs%dnn the
urther

o 33 LB o i ST e e
high.

<SIXTH EMBODIMENT>
As shown in FIG, 16, a heat transfer pipe 66 employed in the sixth embodiment

comprises three sections: a section 66a, a section 66b, and a section 66¢. In the section 66a from
a water inlet 661 until the Reynolds number Re inside the pipe is 4,000, a grooved pipe provided
with grooves 664 each having a depth of 0.2 mm is employed, wherein projections 663 each

- having a height of 1.0 mm are provided; in the section 66¢c positioned in the vicinity of a water
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providing the projections 643 in the pipe provided
W th grooves 644 achieves a synergistic effect for
the entire heat transfer pipe due to the grooves 644
and the projections 643. <FI FTH EMBODI MENT> As shown
in FIG 15, a heat transfer pipe 65 enployed in the
fifth enbodi nent conprises a section 65a and a

[ used in.the sectiqn 65b
outlet 855 o sHBo e fhoRITBA kel akgoVES forplhieci it cremgyed: nd the
groovedtgpetebiion @%C\Nlth) BrobSes 66Ga caLlehdvil B dpBBoRRE thrh &Vdnfilod between
the sed hei E %‘H{ 9 rr? ‘rge%r ot\ﬂl ded in t grooved pi pe
EP 4 R*M’F?F 19R 865 dLergiB4 %WVWW wepeesented by ligesoFurther, a
isic effbee iOAchRY
Synerg! e 1904 & irohdt thE Er(%%gﬁlgsﬁ%?’taﬁg t}%%’%}) ?%64 njﬂprgg%heat

addition to the grooves I'ons
transfeg perforiianes ia thy/seshion whene the Rempld‘s ammbétas éowt,ianeé tHeagboves 664

h
impro BB LR aTEL 16 L RBE ST B ety

1mpr0‘65@;he Mmm&nb@oﬂh& entire diefpekeianpe. ]nﬁaddﬁioﬁ hscalﬁf% Kk pressed in the
eat transfer

shown i.n FI G 16,
s ecuc’“g%ggé’%%ﬁ‘ﬁég‘ ﬁ?{e YRRty Pﬁa}‘? ViR Sut ks, Wheserfhe water t@lhp@eture is
high. sectl ons: a section 66a, a section 66b, and a section
6C. In the section 66a from a water inlet 661 until
<SEVEH$H:@W EIMEN¥er Re inside the pipe is 4,000, a

' i t.h Q6 h '
g&soéﬁ}éﬁrﬂ fupgf(; lﬁré)l?fésag G f«lfl\lI )pé%e Wgyseﬁ lﬁﬁlﬁ sggqq aVng@gnt
comprleeaihree eotiong aesed:tiimgﬁla DfeclioN6THad £ sdefiey 6‘?’@9& pl?@plrobﬁied with
er -

osl,t| gne in the vicinit (0]
PfOJeCtg{]llﬁ |GZ$ %ng’a"lglgﬁkgkﬁ%ﬁ g} Bén% }Wp@gﬁhq\pgcﬁom €7a frem a water inlet 671
until ﬂ@m@m&s MAbP R RGHE MEDigeds @g@%%}is‘ﬁ{ebggﬁ&ﬂah%%ed [ g‘f’)e%:ﬁon 67c

dDe section 66b with groove Ving 4
positioggd iy the viginjty obapiatsy eutles SR end a grhevesiqnpe wotiGibe7tewih Hoeves 674

coch 5L B90R02 FFE b 801089 BL0L REGRBA: S e

groovep ﬁ74 frareprévented by émteg (F‘nﬁhtﬁﬁﬁre@ﬁ@yﬁehgistﬂ:rélﬁ\éﬁﬁ aKifved in that the

roiect rrg zye heat tran erformance in the section
projectige 23 RO LA e s pRHeRmASe inciap Setion t«vhereghwmmmnber is

Tow, and iRy S¥6vcl 84 | ﬁl@ﬂé fl@aft trﬁﬁsrférﬂf %ﬂ‘ﬁﬁlc% fh g gec%%ﬁ%vh%ret tﬁg eynolds

t he Reynol ds nunber is
numbeyis highs thredy improving tbmp@rf@nhmmf eheodmﬂrﬁglm’at eﬂdhax@gﬂ:dllﬂ lad)ditlon
1 ect.i.on osi t |
sca mgﬁ%éﬂtphfega%e:dgrﬂ ﬁl}é&@&ﬁ?ﬁ?ﬁ é)Othl?lée 18 CIVétl‘:m]é%?fG % o OP 672 where
the wamauemperla&mqaﬁrlmhﬂe is high. <SEVENTH EMBODI MENT> As

a heat transfer pipe 67 enpl oyed in
<Elc}m%bgﬁﬁm:})odl ment conpri ses three sections:
38§ héd frafsfer pige @%H%‘ﬂﬁ%pgh(s tak Mo & Frfs ﬂ% Bgoflectlons

provided with projections eac aV| ng a hel
683 areiprovided ing lipsarpartpdhbut peejedtions & aof providad wathe lbemtrjiaﬂi B1-B7.

t
Prov1d1ﬁ§ éro&éx’:ﬂbﬁé orf ﬁl@h gly %ie}b’lgé of the n‘g IP&&%%TS e]%f qwéwfseggez?smlgsthe
pressurp d;css in thepighej andtche alsb avéid the &Eur?en‘d@bﬁlargétﬂek'&h}aﬁ&?s breﬁ‘l&d and the

like, durmglihe% gng“%ekgl%géslson 67b with grooves 67
<NINTH EMBODIMENT:>>

FIG 19 (a) is a plan view of a heat transfer pipe 69 used in the ninth embodiment, and
FIG. 19 (b) is a perspective view of the heat transfer pipe 69. Herein, projections 693 are

provided in a linear part 694, but projections are not provided in a section 695 that intersects with
a bent surface S1 in a bent part C — C.
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each having a depth of 0.2 mmis used between the
section 67a and the section 67c. Herein, the grooves
674 are represented by lines. Furthernore, a
synergistic effect is achieved in that the

projections 673 inprove heat transfer performance in
the section where the Reynolds nunber is |ow, and the

I\irove heat transfer performance in the
<TENgjeﬁcitﬁ|@nm\?ﬁéﬁme Reynol ds number is high, thereby
iImahewt tra@sfeb pipp TOTueE M AkSteRth dritRdBRid: L€sHISAn FIG. 20 projections

exg?anger. In"addition, scaling is suppressed int
are notdseq NG FOFact Frgianthetikren an Quten surfdce (74 iang a odfrigdrentwigtech? of the heat

i : t ture is high. .
R LN T —
aroundtwtgc}ethg h@ﬁugel!abbldpm ts veing hthemthie R oftaés beBrech 0] refiideRBpipe 72
and theg?eét %%rfsf% &’%i/?: 8 g% silﬁaq{%r#élv%ﬁ{ d%g?{i e glggft’ing? auxgj;;}(_porf y ec?rggslinogntﬁe effect
of the tRimsfer O Nt rogj e tfaRGaRPigee. THASfors 5&3ﬁ&ﬁ%?@jﬁfn{g§§sb@§tin the

) ?Jﬁrts B 1- B7 avoids increasing the "press
region pereheseetriggsant oipe 72 1s Botayeying arqved see prevemegedikctibminghe effect of

transfed Bl NHe Fod oA TS el . the like, during the
ber%gliren% wor kK rgr og?g%@%’*pgﬁgwm EMBODI MENT> FIG 19 (a) is

<ELEYENTIhEMBODIMENTFeat transfer pipe 69 used in the
it odi, ment n FIG 19 (b) is a perspective _
S BRI of A herFraibe 0 uisee e e evppdiment, and
FIG, 216@Bisal @osspeetitndPeletalan kioRs Me DATH a9 in PIt 31 (@), As can be seen
inFIGSrAt%%)fCt ions are not provided in a section 695 tha
d

BRodtesons §13 eagh hwsrne aheighiddl of 10 mm arclpeonidquiaretticglly and
ooty AU OB o MR ISRl R e

) used’in the tent
in the giyeap&etritishdirectior isappraxireatelyrs.Gmannt act regi on bet ween

S and a refrigerant pipe 72 of the
<EFF%$H}F?¥I§§‘§\£‘?]&S’F&N>H indents were provided on the
Bicperdingtte thespredeat MvaRioh &HE Bl Lfectdfe t[)ﬁtgirr]lg?ﬁg AsCH in the

b V\h'k]gh,the refrigerant pipe 72 i s wound,
above expiapafliqn. het ween the refrigerant pipe 72 and the heat

i : . l,d degrad r i
| LR Ul bR by SR e PR HE PG o mm
is providedhin 4t deast erieeparteff thegenantrfyre e a partiohpREEbAIEN a section where the

ReomolBE P8 1 GENs 05T s B i v

Reynoldentusticr eection atibiag 9htRGhe Abw iti@NEE Bk i t
r'e'mfr%rerg gt pi 1peg72. <EeLEV‘EII\rrH EI\/EB irI WEN%Q@%FI&ET%?B}W:%A& and

the transigion VaesRaiilovs zensde thetarhuteat flpw pend theuwefficient ofteat

fi [ 3 IS & Cros o
frans er?él?;ﬂi?g%ra}ﬁrﬁgiag%s mdﬁdglﬁﬁo negtﬁ% ﬁg@ %nér%}sesaﬁedwpﬁﬁ o%f}ﬁpr%ictlons on
the pressue lossdnsidanth pipsdesuppiessel) 4ad tRd péridrmancejfakd dvers! iBiransfer
o ing a height H of 1.0, e provided
pipe imEAS. 1Y P?l%éﬁlaﬂy Rk gt 115 BelghhRihF Broisstippis within the range of
0.9 - 1.pintraInRddition, it hereteiabled e FdrAMAG dftheAReatWansPR Pipe is 8 —

he pitch P2
14 mm Gntner diansoter oF 6 — 12 mm),

In the second invention, a plurality of projections each whose height H1 is 0.1 — 0.25
times an inner diameter D is provided in at least one part of the inner surface of a portion
positioned in a section where the Reynolds number Re of a fluid flowing in the interior is less
than 7,000. Thereby, even in the low Reynolds number section arising where the flow inside the

pipe is in the laminar flow zone and the transition from the laminar flow zone to the turbulent
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in the circunferential direction is approximtely 6.0
mm <EFFECTS OF THE | NVENTI ON> According to the
present invention, the follow ng effects are obtained,
as discussed in the above explanation. In the first
invention, a plurality of projections each having a
height H of 0.8 - 2.0 mm is provided in at |east one
r i nher, surface of a portion pqositioned in a
flow 23R, e 3hettpl ATRE GRG0 e pblictions robvided ngifeie pipe
improvieb,alé ingpactiofithepriofcbnsiin thé pltedsifte Id3ghsifie %gﬂ el @ﬁﬁp ssed, and the
forroven | gwthe |.ow Re%(no_l ds nunber section arisin eré
performance of th ehfies; heat trangfep pipe impraves. die phrsiowlady preferable tatthe relative
rou @ék‘ig—]lﬂbﬁofttﬁ@ helctioHy ib Rt gk L zone to the
ghIltur ul ent f[gﬁyzénef the gggp%%gkgﬁ%lopﬂﬁgat transfer
dibe thigd inventipnds @ beat tassfprmipe dked in o heal exdhagzeploPE hot water heater,

] , e lnpact. of the.projiections on the )
e TR o b B B B AL D0 S e one e e
surfacepefiafporticinesitvhed Mahovieniylof R alletih@ i8] watl Qvﬁﬁzg is the fluid

articularly preferable thaf t

_ . lnproves, It is p ]
flowing, i ‘éﬁ {niggjory tﬁﬂé"'sp% péesultothe cpeffigientofineatieansfandye tothe fojections

rovided ihside tREpipels AAftbYL Bnd it if K rable. that the outer
I_) ~dianeter pé}% the heat Qrtlc} glhs{’;né?&g?%hg p?és]?ecgm}liﬂn %P(?Sﬁwsioss
inside th¢ pipstivsuppresgd, thezbynipprovingtthepa frematteiof R thii@ heaBtransfer pipe.

e I S WM

[Tha fburthniaveasioh isf hdab@ar s Pipesised aELh@f e@nRRet |
Wherehggfaglti oned in a section V\h%gpr e the Reynol d%u%Otﬁéaterheaters

rglity, pEPrefestipnsgashwhese height Filds 0ils- 0.25%tmes thaimner diameter D
. @8R thek j . Reynol.ds. n er, . . .
18 PTOVIS goct 0 r? g‘ﬁf?‘%ﬁ%g?gﬁiﬁﬁg’%ﬁuﬁéﬁ inthe, eICIPﬁ-‘éOP %ﬁw& niﬂgt into which
water, whigh isthe Auid fldvang ingheingeribry fievs. Tharsby, itereobffieltnt Sheat transfer
the turbulent -20 fl ow zone, the

ot hEBGRL ERR G it U o b S o

- pressurpisy irtitd thaysipels sifyfrete@nd tHEY P BRanch ??tﬂe TRAGH helt thalSter pipe

. g{] .ecti ,o‘gs on the pressure |'oss inside the pipe is
improvy, J1j5 Batigarivprefershld thatipe selptieceuginess (bl ANxdtes projections is
wﬁmnﬂkaﬁ%%%fuﬂha%jjﬁﬂOVGS-|t is particularly preferable

that the relative roughness (H /D) of the projections

!T ke ﬁﬁhm\ﬁm’.{lmls rdywaef hat frinsfer(ifdas r&%&_d ﬁmﬁﬂyﬁbne invention of the

: [ at transfer. used jn a heat =

‘ﬁrst fn‘}gﬁf}éﬁ'g%og%h g?e ig)ulﬁlg {nvendon, W grgpgt:hg %OW"F_Q?"@i qf the i ﬂgmlq%,m the
interiora$ 0.prd).€ai/d. Bughe A€ ﬂlevﬂwsq)efe@ bothk fﬂ'did ihSidOhe Ripe%s R 3.1 m/s,

r oyl ded the i nner surface of a portion - positione
then ﬂ“? ?Peﬁﬁéel\} Pgﬂfﬁ? trgnsfar of theiheptctransfer pipahy extremalydow. Mibnvever, i the
f - £ 0w ng: i i QL [ Lows, a . .

o st G G0 08 8L G by 8 e i

increasqsy gjdeibe preasyre losninside theipisd iderehdes. Aicpelingy, ithmh@%éﬁﬁ’,th@ﬂgw

| speed 0?%%%@&)?%&“%{% te]?%tgrg%gg ge% I§(§ Qa ’—o(?.ﬁt gggraﬁ%%:ljt:)&lp ﬁggf%ﬁi@nt of heat

transferplee tothepngectiohs ploeidedinside tﬁ@ﬁ?e hﬁ}%‘ﬁ_ﬁéseindghé’ﬁn act b the
. _.particul arl referable that the elght of thpe
projectifi gn (B¢ pistety lossne hermiee i awepscssed. éhepcby imp@ving the herformance

oftheeﬁmmbhwb@yﬁéatﬁﬁﬁférgi@. heat transfer pipe used in a
heat exchanger of hot water heater, wherein a

Eh%l?iﬁllh! ipyengen jsradjotwaicohent Gandfenitipsss ragited i arty odeSntndion of the
first invgntgél ﬁﬂo‘ﬁEﬁ tl'}erfgur'thnirﬁ%nt%h,a\gﬁérgirn tﬁ)e cross sectional shape at an arbitrary

height of each projection is a smooth curve like a circle, an ellipse, or an approximate circle.
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is provided on the inner surface of a portion

positioned in the vicinity of a fluid inlet into which

water, which is the fluid flowing in the interior,

flows. Thereby, the coefficient of heat transfer due

to the projections provided inside the pipe inproves,

the i npact of the projections on the pressure |oss

[ de the e is.su ess and .t he performnce of

RS toRioe hESeF pEHEREETEA lrtier it pelectiops b Tormed with a
smoot}mﬁdd%uifﬁfel thelefétiaPbesebiiatior ‘hﬁtlé@g ?]é’ & gfb‘é&'arb?ﬁ%ar with

H /D the projections is hin t P nge o fg

prOJectloneﬂ@ are 'Pﬁ‘ée ﬁnglﬁ arﬂﬁ’deﬁiﬂlt]@?ﬂmmc@fﬂm lossexifgressura tof the ﬂllld inside

[ nventi.on of
e it A8 BR8P0 B Ay ORSTWELREARR bl
. t’[}lng hpt wavelslpmeuialtsfertﬂqm ;iclcmddlgftb dw sBﬂentlﬂm%lﬁlonl 1§1§ 86t Wdter heat
ow speed_of the

anstel g 4 eS8 2P B0 EAIKE df e st arenon tepigh the Faunthimeenion,
whereuﬁ: tefphéjedtRas afnob 9ﬁiv1deﬂ%ﬁ‘§§&ﬁm‘i’%o§1ﬁlﬁ1feﬁ ?r?fhetvﬁ&g ffr @dlﬁ) Butlet

is extrenely | ow. However [ ow spee
out of whigh theiflgd fews.he pi pe exceeds 0.6 nm's, then the

r eas and t
o kPl A0 A S LA oG58 e ARy e
for example, ﬂ‘lari@l@i isfwatdretheh there is perski obfcalifeoif thel pﬁije fidrREihck NTF
0.6 nfs. As result, the

P""Je““"gg i PE %ﬁ%r F“‘ﬁ’eaa%“%l% é‘ﬁ‘%‘f‘@?fﬁ Bisaes Vihees the proiestionnwill
promotB E@ﬁh@.@%cbﬂﬁigiﬁ stdlighs BptdTRIdBYaRe usﬁgé‘j?fn z{;ﬁgé ﬂ‘tgﬁpgbwﬁéd with

proj ections on the pressure |os
PIOJCCtPgS §L&)thé§§]gdl smaed pipg, in ﬂwsﬁwqmgwsimenqabmﬂm Vigindig of tHe fluid
outlet, ,gvﬂgi.e %ttblﬁﬁerﬁﬁ}e (\#a[hg {ae«lgh b ansfer pipe. The sixth
invention 1s a ¥éat transfer pi pe as recited

iThe sighthaneention & hairwandr hichtaranffer sipe hyveeidd iaRny Bﬁ@kh%hnon of
he wherein the cross sectional

f th
the first ‘HV%%‘%E@“S?# b ?‘E“r’g‘rl?"erll’i@?’dﬁlier%F 3 gERONe Brvifea dpeth shajlogver than
the height DIt egdh pr6jettidtis Forficd G Fhe RRer@uifidaSe, Or an

approximate circle. -21 Further, because the outer
Smngieraisetions pseiideden e pig enqsr sjr&ct imths law Rejzmldmdlmber

zone, ﬂi@'lﬁ% roge%m &nﬁ‘iﬂu\feeﬂolsél{éfﬂ%c rovggggt g%at | ?fnécde%of heat transfer

tfon vortices ca
than m@mmjemammngymmémg I’]hgahde: as;hp@p:di ecﬁ&iik dable whose height is

greater Fﬁgﬁb eg{h ! gf(ﬁpbrgg %ggg& Bv %ﬁ%%p?{)wtﬁﬁg}{ ét!rgﬁlgerllselffegc However, in
the hng}pRé)fr@[m&ﬁﬁe@ionE NeoendsishAlohRAthah "tlﬁ'lﬁgg% ﬁf’ﬂh@ z)rodg_&ﬁ)np%nmbute

wat er heat transfer pipe accordin

to the improxemens in the cgeffigientpfihent transfer. Atcp(a'dmgbt 1rplhp kighsReynolds zone,

f. first
oS358 29 U e D oo
groovedypipe,vdterqim groioviescshirtovaersban the heipiasif teqt6idcetiohs tafformed on the

nity of a fluid outlet out of which the fluid
"nwr&¥F&£ If the tenperature of the fluid is high at the

Thwnldﬁﬁn{fdnﬁbn B ot @fatdr mﬁath&%feit ﬁlﬁ@gsf Eitdd iBend Bﬁie wvglﬁfon of the

nple, the fluid is water, here is a’'ri
first inveign thﬁ’“é‘f therfeurgh w@emmewhggmftbmlural ify offprojjeetixiris dsysrovided

pmmUdﬁég%Tq%qthdﬁgﬁlna section, then there are cases where
he projections W Il pronmote scaling. Accordingly,

| B@aidmg;:gpﬁct?zm e ﬂsqumbt dxyal directios a:gﬁ)l@fthﬁpﬂinﬁﬁloﬂ@f heat transfer to
I eCctl | I Ng a SNDo
be madgg°%Y‘n9‘§‘ﬁlym1{‘ guRpy ?’?3'15583\[‘1‘% ] s pintacty o s mipe ?Xlélf Breron, the

addltlorfal pneskure loss is small, thereby improving the performance of the entire heat transfer

pipe.
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outlet, where the tenperature of the fluid is high.

The eighth invention is a hot water heat transfer pipe

as recited in any one invention of the first

i nvention through the fourth invention, wherein a

groove having a depth shallower than the height H of

each projection is forned on the inner surface. Anbng

the projectjons provided on the pipe inner surface in

t“ﬂ’@ t?‘l%ﬁﬁ%?ﬁ%ﬁ ’&é%&ﬂ‘ﬁtéf Heai Bawsteriee 3sgeeited in apverneiipyestion of the
first inG&peibR kUl Eh 1 TeuritPintdHRioh PHERME TR Wludalk &b &'

..of heat tgjansf er than the small plrloj te){:ci}ﬁasﬂg&foﬁé ﬁ;h@ﬁéally

providetb cor di ngl y, providing inside a pi pe projections each

V9. ot " N . the depth o rpoves. i.n .

o oaaor %ghv‘gﬂ d g%lltmpéet%f3 Rg%%\?ﬁe)g{ %elt%le 8 &?{}u Wna#@:‘ﬁéer ﬁ%‘? P gtgf %m‘f inside the
pipe, aibinereases thelengthef tiegtassrey ofthel Sluidly tHeasby Aoieer irdFAOME $he heat
transfeSh%Jfl ower than the height of the projections
tBAtYTBUt% to the inprovenent in the coefficient of

M@ teldves SihwntioMRGOHA walth Heat kAndfBiSpiPé ﬂé}eaﬁﬂq{i’ E??%%Wenﬁon of

the heat transfer performance of the heat tran
the firshinyention thrpueh dhe forssh yeationy whereintbeglarality ofprojegiams vsastovided
that 4 ' ” I [y n.the.height of. the
so tha pr j%craec |%ﬁ§i : g?e s&%}fﬁ%&&%ﬁht e\é\ﬁdlla}n‘ri] ?Ctlgﬂﬁg‘sg.ggﬁ%ﬁer pipe.
ninth invention is a hot water heat transfer pipe as

r ci.%iedin%n one jnveption, of the first invention =
ERTNIGR PEECtiOBn Y Hhet IR aHirs o aapering phsiiqmn heirdjalsiection
reducePthOjcRBE bevidndlarddl iR HeA8EnitPa¥ AL bﬁ;jecﬁ‘.igns:,] Efonmt&eth@ﬁﬁ g of the

direction. Providing projections™int pl pe axi a

fluid, agd figther Brprevesshebeat Fransfrprtfotneancof heat transfer to
RRAGHS s Ltion. because.the fluid .
19%8\/\5 ?tlhgtg\g%l}:lgﬁ‘ %nl'bsﬂt(% gva%? Bgaq gr)a(.%lsa I Bipe a5 1ec in gy one mvention of
the firshisentionrthitough desfoureh invamionswhereinlthe takie e byittHTP{oOUE Réht transfer

. . the.perf ce of .the entirre heat transfer pipe. 22
pipe mﬁgh"{%‘éeﬁ?rﬁs gﬁa’@rﬂl‘?rﬂlﬁy iogprgjqqggnq,ggpeir— Keat transfer pipe
Betti@ehd Relo lon tRAMICR PRF tHRVREERAS & thE hisS pipe inper di

[ nve%_ti on throug?yh t he fo\l??‘?h [ n\S/enti ('i)iﬁa}tnfﬁ%f?}&%e 1tnﬂeérd1ameterD

- to 0.5 plQainfains the pramsitien of et transfgrevhilsatdycingtheiricchesk in the pressure
' - BLRVI g .ecti 0 nerates a .
foss, Y EfbrinBiRY b olladcR S Pl Yo B B R BaR o R piententy,
preferabledo ed slesratib ef therpydjbctioh pittieP pageagst tedhsteh gipk kthe heat transfer
.. 1 h(rar eb%%_%rtgg i’@cr easing the heat transfer
Pipe Inpek G148y o 0. Re™el eventh invention is a hot water
T3 thittéchits In@entRind6 a 86t WAS! He@ﬂrdn@fe?glij)e%e Fechtly ﬁ‘l%k Qe Rlvention

the first invention through the fourth inventio
of the figgtdpeugion faopgh the faurth isvenfior jvhetein mwall propactvistimch whase height

H2 is 140 atan ot g SRRk i nQ. positions in the
r ag-{agl i rect Pg%&‘%?%teﬁ{aeeﬁglggﬁlt“?gtﬁsogé’f"ojﬁcﬁlﬁ@ Provi di ng

b thiedaw iRemsoldontrhadr zodee thefl@pepRidction @torMNBSIBE to the
- ronOSitt'i ﬁ_%s [ ﬁ. t h‘fﬂir ad*’eal gi rection educes the cross,

PrOVERRERi i CORIISAETT Rt ReRkiraprier fiep yhestmal brrojseidgrecandpinghe high

Reynolp$ aurilie Soitd) ehd BradlNGojedtions Bontfibuit thor@ R HhfBement in the

i nproves the heat transfer performance.
coefficient of heat transfer than the large projections. Accordingly, providing small projections
(small projections) between the large projections achieves a synergistic effect in that the heat
transter performance due to the large projections is improved in the section where the Reynolds
number is low, and the heat transfer performance due to the small projections is improved in the
section where the Reynolds number is high, thereby improving the performance of the entire heat

exchanger.
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The twelfth invention is a hot water heat transfer
pipe as recited in any one invention of the first

i nvention through the fourth invention, wherein the
ratio of a pitch P to the heat transfer pipe inner
di ameter D of the plurality of projections is 0.5 -
10. Setting the ratio of the pitch P of the

PR BEHER b 5 A1 bl B8 B By esetedtn g pinvention
of the ﬁvlst meemmd tivomgh thé eaurmqne@man | WhdréiR afTaBSRAES prOstR provided with

[ roving the er f or mance of the entlre h
projec"f@ﬁﬁ?fs Pngﬁep‘énerlsf“f?‘é? %gli“t heatifranstsy pingr ef erabl e to set

T ektche Of
1 piontl i ft ulcll RE% pO Bl UE it BlostclB ERkimizes he
variatiyj in ks sheperithe beag transfer(pipeTingert siurfad:ee eeteby iimp@Ringdidat tfandfer
perfom'i‘aql wat er heat transfer pipe as recited in any one
iImvention of the first invention through the fourth

e difloexth invefoneis a hewhier R0 @63 0S: RAEHMAPHE BfEiii¥ntion of
the f g|2| than 0.8 mm are provided between th
e firspynypntion, @m%h %P S?'E@t Ip¥agion, wherpia theyyoiResjms latsformerbley the
applicafi@M 8f fordbSrrdrR e xREBE &Fd fofRSd ﬁl%‘ir; aﬁ]gat.r? a{ﬂ)&g ?Pfof'rpgdaw a bent

i nprovenent in the cdoefficlent o rans
part. the small projecti ons and, in the high Reynolds

S8 ro ect contrlbu e pore
TR Bhoi 0% ad iR B BB A feehGarile PR e
applicatibwof drhextdrasl dercq) rtl@erﬂc isi oPRs the“@a@@ﬂﬂt A8 l’pib ecBbRYdrgl ‘f&%ed toward
[ 0] ions (small projections %etmeen

the IHSIﬁ%\PJ{;@e E}P& 086{“? ORY S&@ﬁ?eeq%@sgpnémép @egnd@teéfm tsunface In
additioh,tRd héa'ﬂ&mﬁ?&tplpetgreﬁ&ﬁﬁfga&fﬁr{ ad%% V\#‘ner 2 taﬁlgﬁ‘ 981 pressure

projections is inproved in thePsectio
loss exisgs\im Bledrsnt pattriyer andsabbvathe pnesirh dosls aﬁnhe lineun phuer Therefore, if

pro_;ecti%ﬁg %I%rf%[l’:? oglgcﬁedflﬁ é}ﬁehi%{l%esuﬁjg%}ﬁ t%&eg%%g Iﬂlqu'gis%prgq%vthat the
pressure hlss aijte bﬂ’plpett wild ichsRither. IR tHehendifd Wofk ﬂ%@éss creates a
-23 The fourt eenth invention is a hot" wat

large daﬁx%%at‘log inte EPBYHEERD ¢ fdhq euter supfaceraf temlkeat wansfer ipipe, wthh
creates hli'i@k bf B&ﬁkdg@é’ QA $h8 ikt PFRHG ! hE lpfogél:'ﬁ‘i)ﬁs érn ovtchea in the linear part,

wherein a flat surfaced part’no rovide
andpfo,lﬂcﬁj)@(ﬁfﬁmtsﬂ@xd@tlsthﬂbmhmrt nner surface of t he heat

The iste of .a flat suyrfaced part
ine Qi?‘?eg@?‘ hRfge R HPE Rt DR Loneis RipSAsesiog I 42y dnidpstion of
the ﬁrsn 1nvd:dmen sireyph thé fduhﬁ nh%ﬁiloﬂ “vﬂiéﬁé‘i@fhe@rt? Bctiof 9 &re Mé‘darﬁzeche
or mance.

VI ng .heat transfer
apphcatﬁ?q ?tg%fvﬂe ﬁ%gh FXtEder and age pet fom@cbm arﬁé@nomth@tnstﬁr@cctpﬂpénent

Surface@gth@%mt@g in any one invention of the first
i nvention through the fourth invention, wherein the
Iy b bentiperof thediestaransfdr piye,ttheamenpn of defbinionfis £ro6te« in the

portion fwrh%fg th?g?n%ﬁr?%e ?r{tergar e;liflereg)g?,tm efal)el | hear alj?eglga g%gs(tj‘q,pgae
pI‘O_]eCtIf)IIHaTBdOtQﬁO‘hhﬁi inniedector’ WhGe tigf b&lhﬁ]:ﬁ@@fntérk%ﬁsf&r etxeﬂn fe, if the

h a%%_ ggllctlon of an external force, then i
cat trangfr e i prizantaf pafase Jhen proisstionsrase fasprasddadatéirecsection

where the horizontal surface intersects in the bent part.

The seventeenth invention is a hot water heat transfer pipe as recited in any one invention
of the first invention through the fourth invention, wherein a second heat transfer pipe is
disposed in the exterior to flow a second fluid that supplies heat to the fluid; the second heat

transfer pipe contacts an outer surface; and the projections are formed on the inner surface by
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the inside of the pipe on the inner surface
corresponding to the indented outer surface. In
addition, the heat transfer pipe generally has a
linear part and a bent part. An additional pressure
| o0ss exists in the bent part over and above the
pressure loss in the linear part. Therefore, if

. .projections are further provided on, the inner surface
indentif et QiFeck e o rfid e pcatiomiodiis of thborfp gt cstacts the

second He@Srank¥et figebent part will increase further. In

addi tion, the bendi ng work process creates a |arge
dlarin.ihe poieciinng are ferged audhe isgrenriade tythindenting thesontdr aurace,

oG8 R B B e o o

 the profectionsracy forimeld bm theHiandrismeave. Prfectionsaineifopmed ectht potiod bEcontact

.q o NOt vided i n.the bent part,. . The sixteenth invention
with thg Secgh, Bt 58e ipeln pPah . ipindematonsas oemes a1 e
surfaceQfhen tHRU@Rat Ot 0éen thd Bedt ikhSdfer eﬁ?%@ﬁﬁ'tﬂ@s&&i@ﬁ@@ tr%ﬂ?er ipe

fourth invention, wherein th rojections are or e
worseng, therpley redwging thetheatirassfer effess fibmdhe sdcendheas transfer paped Therefore,

: oy { dihntersecis the bent . .
by not GoFidliE proRHTES it BefbeB | dr Pt hion B HeREF b pofe@ eyt
possible taprsvent a piduetiont Inethaeffew bf winsttefigy Woat from the s@bRPh&S$ transfer

. - Iin‘the portion where the bent surface intersects.

PIPC Therefore, in the bent part of the heat transfer pipe,
projections are not provided in the section where the
bent surface intersects. For exanple, if the heat
transfer pipe is bent at a horizontal surface, then
proj ections are not provided at the section where the
hori zontal surface intersects in the bent part. The '
seventeenth invention is a hot water heat transfer
pipe as recited in any one invention of the first
i nvention through the fourth invention, wherein a
second heat transfer pipe is disposed in the exterior
to flow a second fluid that supplies heat to the
fluid; the second heat transfer pipe contacts an
outer surface; and the projections are fornmed on the
i nner surface by 24 indenting the outer surface, and
are forned at a | ocation outside of the portion that
contacts the second heat transfer pipe. Herein, the
projections are formed on the inner surface by
i ndenting the outer surface, and indentations are
consequently forned on the outer surface correspondi ng
to the region where the projections are fornmed on the
i nner surface. Projections are fornmed at the portion
of contact wth the second heat transfer pipe. In
other words, if indentations are forned on the outer
surface, then the contact between the heat transfer
pi pe and the second heat transfer pipe worsens,
thereby reducing the heat transfer effect fromthe
second heat transfer pipe. Therefore, by not
provi ding projections in the section of contact with
the second heat transfer pipe, it is possible to
prevent a reduction in the effect of transferring heat
fromthe second heat transfer pipe.
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-25 CLAIM5S 1. A hot water heat transfer pipe that
exchanges heat between its interior and exterior,
wherein a plurality of projections each having a
height (H) of 0.8 - 2.0 nmis provided in at |east
one part of the inner surface of a portion positioned
in a section where the Reynolds nunber (Re) of a
fluid flowing in said interjior is less than 7,000. 2.
A hot wat er heat transfefﬁgkﬁg t hat exchanges heat

1. Ahbebaeditat frdnshdtpiiel tRit R {HRh Bl : ,
plurality of pfrpg‘j ecti oﬂgngegclﬁéﬁvgeeéﬁr}glﬁﬁ??m(%f)ex%egob.Wf erein
-a purakityt fipsejectipns grrbrhaying rdetght (F(1)ofi0s8 -2 Hwiard éprovided in at least
I [ face of a.portio
Bl SR Bitack N £ RORER 2R R iRt Revnolas

(tRebentRed of kdiuil fidveing igsdidiinseriod id le§sahar0?,0006 | ess than

2. Aok et sl i Tt s hotas e Rl et frand exteror, wherein
EINANGAST Prsiaétidas tx¥hShdst Reiliti(BI) R0, RN G BXinels iaﬁ érlmgeﬁ %liameter

wherein a plurality of projections each whose
(P ¥s previdegin at Jeagt gpe\pag of the\inupe duidaretdfie portiva positioneddn e section

' L1 ' A vici.ni t.y.qf .an inlet
Shefe BRHLANIPAShELOREH 4 B il s e i o0
3. Ahétrwaterheat, trdristenvpipedisedintadicatexchingbeat a ot Ak Batéiang that
xchanger of haot wat er heater and

-used in . a heat.
exc}lmgﬁsglfea{ QWR%’S‘%‘?%’Q&?“‘E@‘FW@&W%S@W nterior and
pleaiig of prbjedtRind esthRiHssShdibM (Bfl) Rid8 €610 i
o il )15 0.1 .d_.é_zéﬂtu)%e(ggtEtg'&ﬁﬁ%ﬁ%ed‘mmmer
- dPdarstala pogtiyn positisperindbeivieinity o ai inmesrinte whichowated which is the
s ¥ QD ief:l [ e vicinity of a fluid inlet
int%ﬂgﬂ}“%h \?\g‘a‘?gﬁg‘%\ﬁhﬁ%‘ﬁ?. s the fluid flowing in said
4. Ahgtrwateribeat trénisfenpipeisedlihe Heattexoldngtr dfedtiot ath Bédr aRl Bt
e ited in ape)f/. one, clajmaof Claim1 through Caim

ex"han_%f?s hRPEPT EHE OB ThereiR fluid flowing in the
laPl@ligTofipfoj€utibns Sach WhoSe héight [HE) R 1 ;—N@Fz? b @@‘e inner diameter

transfer pipe as recited in any one claimo
(R Bugevidedhemihg inneppisfast af 2 pastion pesiticredtin teaicisityafa fatid inlet

' ' . . sai d.projection is a
HoStbabl WhkniRine i BRInE ) SifrRhEE AGR. Lo

3. Thedppwater hert eransferglipe asfecift én #rot onsalgn JTeERhimt ¥ BRER Claim 4,

ipe as recited in any one claimof Claim1 through

aim4, wherein a snooth part not provided with said

OG0 icelof U HseHokihe ifheliftafter i3 611268 L a portion
positioned in the vicinity of a fluid outlet out of
6. The\iat whtes hea transivroping aswecited In Attyeoniewsiaimeaf §Haimelathrdugh Cidier4,
pe as recited in any one claimof Caim1l through
aim4, wherein
the cross sectional shape at an arbitrary height of each said projection is a smooth curve

where]

whereif]
d

like a circle, an ellipse, or an approximate circle.
7. The hot water heat transfer pipe as recited in any one claim of Claim 1 through Claim 4,
wherein
a smooth part not provided with said projections is used in the inner surface of a portion
positioned in the vicinity of a fluid outlet out of which said fluid flows.
8. The hot water heat transfer pipe as recited in any one claim of Claim 1 through Claim 4,

wherein
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-26 a groove having a depth shallower than the hei ght

(H1) of each said projection is formed on said inner
surface. 9. The hot water heat transfer pipe as

recited in any one claimof daim1 through C aim 4,
wherein said plurality of projections is provided

parallel to the pipe axial direction. 10. The hot

wat er heat transfer pipe as recited in any one claim
BEqa AT 18 P9I Sl e the bighGFR) afnel soid praidctign bformed

RhQRhidGineP e fdce, helically provided. 11. The hot water
heat transfer pipe as recited in any one cl ai m of

9. The bphwaten heah irenséin pesmecited imbmr @ierclsmiof Obdimr lathtdugh @laim 4,
wherei@f O] €ctions is provided so that they are paired at
opposi ng positions in the radial direction. 12. The

aitl pluaglisy ofipjectivmis brivideidparalis] %Qﬁéﬁﬁaaﬁﬂ i
10 Thc:*latiimof C%ain}lthrough aim4, wherein the ratio.
- Theg pot-waser hegt trasster gipe ps rcifpdin yaveclaim off laim 1ghioygh Claim 4,
whereipl ural ity of projections is 0.5 - 10. 13. The hot
wat er heat trans_fer_eﬁi pe as recited in any one claim
&aid pluaglity of prejestiens ichelically providedr ei n smal | proj ecti ons

| Lt 5. 1ess than 0.8 mm are ,
1. TERG e Fof P hehbint B sbinedin SRy B P ol ! v glam 4,
whereilThe hot water heat transfer pipe as recited in any one

cl.ai f aim1 through G aim4, wherein a snooth
6‘33?[}1‘15ng &BR?F&%“W PIRvidsf go ghap thex erepaiyedsti cppesing pesiians in
tHegdiabdiFebage. 15. The hot water heat transfer pipe as
recited in any one claimof Caiml through daim4,
12. Thevhetrveater heali tangfenpipe vs titedinainy onereldinbyf Claan apipbugaClaan 4,
whereif force fromsaid exterior, are formed in a linear -
part, and are not forned in a bent part. 16. The hot

timtratio biepitchr(B®fths inpeHamster @) dresd phirdRy oP8jeelignsTs 0.5 ~
z Caim1 through Claim4, wherein said projections
‘e fornmed by the application of force from said

13. TheNStHdtéheatiflsRF FipB S reckQl iﬂ‘“‘aﬂg ioBe AahPbE dtllgﬂn i'i}t%%lecwg? 4,

_intersects a bent surface In ent par
whereityat er heat transfer pipe as recited in any one claim

E}Balﬂn%.ﬁemi%sté%ﬁ %ggse(ﬁ'elagih%) is less than 0.8 mm are provided between said

plurality of projections.
14. The hot water heat transfer pipe as recited in any one claim of Claim 1 through Claim 4,
wherein
a smooth part not provided with said projections exists on said inner surface.
15. The hot water heat transfer pipe as recited in any one claim of Claim 1 through Claim 4,
wherein
said projections are formed by the application of force from said exterior, are formed in a
linear part, and are not formed in a bent part.
16. The hot water heat transfer pipe as recited in any one claim of Claim 1 through Claim 4,
wherein
said projections are formed by the application of force from said exterior, and are not
formed in a portion that intersects a bent surface in a bent part .

17. The hot water heat transfer pipe as recited in any one claim of Claim 1 through Claim 4,

wherein
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wherein -27 a second heat transfer pipe is disposed in
said exterior to flow a second fluid that exchanges
heat with said fluid; said second heat transfer pipe
contacts an outer surface; and said projections are
formed on said inner surface by indenting said outer
surface, and are forned at a |ocation outside of the

porti-on that contacts said second heat transfer pipe.
azgeond heat transfer pipe is disposed in said exterior to flow a second fluid that

exchanges heat with said fluid;
said second heat transfer pipe contacts an outer surface; and
said projections are formed on said inner surface by indenting said outer surface, and are

formed at a location outside of the portion that contacts said second heat transfer pipe.
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