SPECIFICATION HOT WATER HEAT TRANSFER PIPE FIELD OF THE
INVENTION The present invention relates to hot water heater technology,
and more particularly relates to a hot water heat transfer pipe wherein the

Reynolds number Re of a fluid flowing.inside the pipe is less than 7,000.
BACKGROUND ART Heat é&ﬁ&ﬁgéﬁ%&@% air conditioners, hot water
heaters, and the like, are provided with a heat transfer pipe, wherein a

fluid such, as water flows, that exchanges h to the temperature
differential betweg}gﬁé%%ptggheﬁﬁ% %ﬁ%ﬁ%ﬁgﬁﬁﬁmore, to improve
the heat transfer performance of the heat transfer pipe, it is known to use
FIEHR S BBi& \HherEiNgrooves are formed on the pipe inner surface. In
additifqae ,p@ifﬁmggyg ka&@sls;g_m)ea@ﬁ@g&@@f&&mo@mm&%;@%hs?uﬁﬂy relates
transfer performance roviding projections on the inner,_surface, of the
(ORERL TAHOTEH BIDE PR NG IS Aor IR G e 4/ HSAaP ik T e o
piphis marther Iffeases the heat transfer surface area of the heat transfer

B RIPR @RG agitAlesthe fluid thereby increasing the coefficient of heat
transfer of the heat transfer surface and improving the heat transfer

perfdtFaftE 2B Nrp tradtiRerarBob A SariR S driBer Bt Hrangrgied
wiipehdheniifer jipojeditasis inMiehselhe pipe oeljdant-ahingtion-antlcaiste

the pressuge loss, of the flow inside. the pipe, Therefore, a techpology h
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traRf ReRSIGHORsSIH@cheah Bansieimsfsr Piv&neverabyssampreveirmjphevherein grooves
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. apanese gxamine aten pplicaton NO.
imﬁ@é%%%émﬁ%@%%ﬁ&egﬂmgﬁwr@ﬁ Pl trer T ifHacaghe heat

tragpfeedipt.the fluid inside the heat transfer pipe is extremely low, and the

flow PJOU?&JE‘;B%Q&E‘J'%%%&’éqfl?eiﬁeiﬁ %&&%%E&%%ﬁ?ﬁ% SR ARG HOWe pear

transitions from'the laminar flow zone to the'tu ent flow zone, then the

UrapsisFVERTE atahaiaciat Wnairerinsandrigiinies the Sivigithetably inpRsfergitss
codffc i Vitied Whose beighhda: Q4R 00 P 488 ibis6losethintheRairnt
Sepocument 1. Cons'ﬁ)er.an.examgle w}éterein, Oﬁﬂl?ientg tilize .
PRV MGl TGRS BORBY b ol P S h BRI e
projatérieatensath s hpwrofiienlofisrheatethinrassitiglprpass: fionof the flow inside
the pipe. Therefore, a technology has been proposed (Patent Document 1) that provides .
projections 0.45 — 0.6 mm in height inside the heat transfer pipe, thereby suppressing the
pressure loss while promoting the transfer of heat with the refrigerant.
PATENT DOCUMENT 1

Japanese Examined Patent Application No. H06-705356
DISCLOSURE OF THE INVENTION

““However, if the flow speed of the fiuid inside the heat transfer pipe is extremély Tow, 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 ﬁow 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 exampie wherein, to efﬁcieml-y utilize inexpensive nighttime eiectric 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 fiow
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approximately 10 C to approximately 90 C over a long period of time. In
this case, the flow -1 volume of the water flowing inside the heat transfer
pipe is set to an extremely small value (e.g., 0.8 L/min) in order to make
the product compact and to ensure high efficiency. Thus, in a heat
transfer pipe wherein the water flow volume inside the pipe is small, a

method is employed that .improves the heat transfer performance
volume (AR TACEh STHE MSGaHES WA (EoNEaT HERGRT i@ ARy T Bl (&
0.8 L/mihpiflandspretdbsitie phelpipeotpareund, toveniire thighcdBeicthy. Water ffomheat
volume inside the pipe is small, the water flow inside,the pipe is.therefore
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improvehétaminarafiefar perfertoative hyrbedeniniohe zowe dinthesoriolity béah@aimiét pipe,
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volume éngidetée pirscisusia hadhthienn leontnsin/ihe iningsd beralbhs thébwansition zone
(Re = 1D AES IR0 G MG BV RIS RIS 15630 RRIRELOLIG flow

_ present invention to overcome the abovementioned problems of the
zone in g Kigisi@he et iangrinann exiBeioktdr Wedpttahstaesisbumé faw, (Re =
7,000) With A BigSEHsHHE odhie healdwarsermeriarmancrdhiie lanhRedaldscted

number zone is improved, and the pressure loss inside the pipe is small.
becauserthe hetmalandEs Yitisalep ipeatldBdRgi M ACtRBSRT BT FRRsHEBAndhs Kisinity of

the watd¥algéiheat transfer pipe that exchanges heat between its interior and
exterior, wherein a plurality of projections each having a height HI of 0.8 -

5 b5 Ao Rt STide TFs et SHEPHAR B AY BFORHIfAP QR e prrbisms of the
backgrdigsitionaddiopasition wieradhecRayncids siganbbeRa, ofith LithOviagdfre,
the interior is less than 7,000. Jf the height of the projections provjded
the b R o AT R SE TN SRR LR A B/ RGOt Adapigpressure
loss insiidptieviripetivestaRt transfer performance is not obtained in the low
olds number. section.arising in the laminar flow zone. or |n the
R B B TR R O Witer e
transfeiGops dguenthara gl beatiheoigerjscionsthadprattide Whwaid spdursdigecdf
. the pi . ' By IS. provi [ .
project 0 R Ao A B M DR PR AP of the e
surfaceayfsimgiiotheasifitingd Bowsedise alginthisdigsngidonunber theofantividriowing in

the inte%ﬁﬂ‘?st%@ﬁl%r@%ﬁﬂt flow zone, i.e., in the section where the Reynolds
number Re is |éss than 7,000. As a result, the projections provided inside

tHelsipel ghinble tieegimrreayidedivaidedhe Ripcdnachiars autie therasveational
art, thelBPEERSLIS 108PoRAEIM LNR RIREn NS TRRYoHRRHRYING H18btained in the low
Reynolds number section arising in the laminar flow zone or in the transition from the laminar
flow zone to the turbulent flow zone.

Consequently, a plurality of projections that protrude toward the inside of the pipe and
have a height of 0.8 — 2.0 mm is provided on the inner surface of the portion positioned at the
low Reynolds number section arising in the laminar flow zone and in the transition from the
iaminar flow zone to the turbulent flow zone, i.e., in the section where the Reynolds number Re
is less than 7,000. As a result, the projections provided inside the pipe improve the coefficient of
heat transfer, and have little impact 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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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 -2 projections each whose height Hl 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
projectigEs gh Wi Bwﬂap iR mMteflorid RS e, 6&9@?%35%8 jBaRiGHidegdn at least

one parptividadrasideribe ipgottion poeipipedcaelettivhol fidedionr Beoasi@snamber Re
fynction of the Reynolds.number nd the relative roughness. Herein,
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nsfer etfect, and allows for minimizing pact pressure loss.
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arising fRGHERShsEiBM e RIAEMAadendhenne  Suiace f5hSReMPR prescribed

positioned in the low Reynolds number section arising in the laminar flow
range ipgevehiehaseiranitieHerb and i Rarwsimiing the impactplibapmse
loss. Zone, i.e., in the section where the Reynolds number Re is less than

7,000. As a result, the projections provided inside the pipe improve the

SEHheiehP B HEE O BRSO GarBERes s ishb Ht 819 the Dreddmmes thednner
diametédSicie HhevRipE ofh@kchyidipuredngithe perRImARERAEIRE 1RNIHE Relvaler

heat transfer pipe. The hot water heat transfer pipe according to the third
ey OB S BB OB QP TE AL TR AL e B e A oy zone
to the thehueateidveatar and, thahexehmgebdne tclietweddsittmmtarios Bneks than 7,000.
exterior, wherein a plurality of prgjections each whose height Hl.is 0.8 -
s a e g o R S R T R o e it and
reduce vheinityaf an thigiiesson hish maderthevhiis) tsetiobyffiighfewin thianptréormance of the

entire ROIE!] Eﬁl}gﬂ%afghg) flow of the water in the vicinity of the inlet of the heat

ranster pipe Used’im the hot water heat exchanger corresponds to the

Ié‘“hﬁﬁmt_ﬂ@wlemaetmmfgr pineacsitiding omthovtieréd ihenfiowitrahsttionsfhoat
transfeggﬁ @@é@fn‘cm&%}ﬁhﬁl&gé?5%?%%?;&%&&%'&'%?&&&%&“ & between its

o perature in the vicinity of the inlet o eat transfer pip€'is fow, and _
interiox g eemerivisi b irandte plomitstions meborbiviglheiahitd lpredént 2.0 mm is

provid VG HR InReP WY Of PHISHONR BRRBNAUIS R inity of an inlet into which water,
which is the fluid flowing in the interior, flows.

The flow of the water in the vicinity of the inlet of the heat transfer pipe used in the hot
water heat exchanger corresponds to the laminar flow zone and/or a transition zone where the
flow transitions from the laminar flow zone to the turbulent flow zone. However, the water
temperature in the vicinity of the inlet of the heat transfer pipe is low, and the coefficient of heat
transfer is also low. Accordingly, in the present invention, a plurality of projections each having a
height 0f 0.8 — 2.0 mm is provided on the inner surface of the portion positioned at least in the
vicinity of the water inlet, thereby improving the coefficient of heat transfer due to the
projections provided inside the pipe. In addition to improving 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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height of 0.8 - 2.0 mm is provided on the inner surface of the portion

~ positioned at least in the vicinity of the water inlet, thereby improving the
coefficient of heat transfer due to the projections provided inside the pipe.
In addition to improving the coefficient of heat transfer due to the
projections, the impact of the projections on the pressure loss inside the
ﬁiéoe IS smalhﬁthereby improving the performance of the entire hot water
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W nsitions from the laminar flow zone to the turbulent flow zone. In

transiticrgdion thidaminer lemmpeaatothe tutsloidifry sionte inkddifionethepater
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Accordingly, in this hot water heat exchanger, a pluralit)l/ of projections

transferdaahpodmysbaserginaly.on thip hos weshert siedenesisfep pipiyrifarojections each

whose FHURELEH IS PHoYdaH QbR IRGh BN [REE i8h EPQRRRIF 3NSISTIRNN the inner
positioned at least in the vicinity of the water inlet. As a result, the

surface qfghgdiart & RiphRRsIt9ned At deashin e gAY R At ftehsipgesult
the coeiﬁéﬁ@ﬂfey_ﬁéataﬂﬂ]stbﬁ%ﬁa%aq&egﬁﬁbjedﬁmi@_9&@&3@%{;@1@1@@@?éﬁﬁgﬁ@&@ and
. the PIpe IS suppresse there Y 1mprovin the performance of the entire
the mrg G AR PR AP ESoTIE Tt STALER i PR eo e ey (o
improving M énfeentinnd s thie: hatiwaiarheat hransiasfeingms recited in any one
invention of the first invention through the fourth invention, wherein the
o o e el Bt M s P A0 G Y S B B Rl eat
transfeitpipepreferabid it thecflovesjrerdf did st inddnivintriositetinéhoh istertion,
.heat transfer pipg.is 0.2 - 0.4 m/s. Eurther..if the.flow speed of the fluid ...
whereiff SR AGHSISER BE 2 Rid ity BRI TER eRERC PLIEANE 1 s
Preferatﬂgth@lﬂﬂ@y@gmﬁwfsf@ﬁémﬁwmmﬂm@h@hdf W@eﬂé}wtﬁ{vmfdﬁmés 0.2-
0.4 m/J.'%&eﬂéﬂﬂ?tﬂaefi%t&gggé%e&qﬁe%ia}{égiﬁzetﬁgtg%l%ﬁlﬁmfﬁ%%.mﬂ%@ﬁ the

pipe Incfeases, and” the pressure 10ss Insi € pIpe Increases.
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the projections provided inside the p})&(&l improves, and the impact of the )
the prepiygjelarsriasiste the pirssiisreasessd aserdingls Pigaaresuiphediey stredepyhe fluid
flowind PRV iRe:Ehe RadormaNce of ihe KotrRAot Wleh&®Rlent of heat transfer due to the

projections provided inside the pipe improves, and the impact of the projections on the pressure
loss inside the pipe is suppressed, thereby improving the performance of the entire hot water heat
transfer pipe.

The hot water heat transfer pipe according to the sixth invention is the hot water heat
transfer pipe as recited in any one invention of the first invention through the fourth invention,
wherein the cross sectional shape at an arbitrary height of each projection is a smooth curve like
a circle, an ellipse, or an approximate circle.

Examples of factors due to the projections inside the pipe that impact the pressure loss of

the fluid inside the pipe include the Reynolds number and flow speed of the fluid inside the pipe,
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transfer pipe. The hot water heat transfer pipe according to the sixth
invention is the hot water heat transfer pipe as recited in any one
invention of the-first-invention through-the-fourth-invention,;-wherein the
cross sectional shape at an arbitrary height of each projection is a smooth
curve like a circle, an ellipse, or an approximate circle. Examples of

. factors due, to the projectiong inside the pipe that.im the pressure 10ss
the b O B R HURBTRE N L HERS R0y RVIE AUb) S ey Sheg fove
angle shapéetienciépaididinepijpes ak tradraighbpihiedlprojectidng, the amgleaw /i

. sh%;)erofsmg %r%jggﬁ%nﬁﬁig the projections are acute angle shaped, then
mereases W PIESH vortiees are generated by the flow rounding the angle, which

ﬂm&q&estmemr_essa wdﬁssabfilnhpefb;i im_@bﬁs@qd@&gty,qﬁ@ rpes isacREises a
smooth EQ%?S%EQQS"J‘%Q%%}’ ?eéﬁ tsQ,fo% Qzﬁ%ﬁ%‘?{m@rﬂfﬁgﬁﬁom&@ PéCause the

such’as a circle, an ellipse, of an appfoximate circle. In other words,

outer cilyeurfasmtiabswines efihurnfeiwtivas aupiueed thitrojeentne aredisirieg. the
g_enerati‘é’ﬁtlaf% Oih CHRY RS AC - SE0 SERTINQS SRAFA}IQB XY HEA A ute

be suppressed compared with projections that are acute angle shaped,
angle shapedh et 1hedoss preseinecopitherfinidinside Srpppdsisuppressed,
thereby SHIpPEGRREGe %ﬁ’ﬁ%ﬁ%@%@&ﬁh& pesiarmangeRfethe entire heat

transfer pipe. The hot water heat transfer pipe according.to the seventh

rhechionaisT e BENFARE PRE ACRLRRR S Qe AL h{P fiehot water heat
transferd BYRIMOR Gt kst invantienitiropgle the:fonehioy eitoph tihereih theention,
_projections are not provided in a sectiongosition d in the, v.icjn(i]tgl 2;1? f&nd‘d ‘
wherein,hgtrIERHSF ATE R B AV INA STFHRE RABIDIGMSH R '6F tHERINLIHIgH e
out of iReHwd autlenipak of the heat transfer pipe and, for example, the fluid is
water, then there is a risk of scaling. of the pipe,inner surface. If .
B A I IR e R s o Wit pipe and
for exaiidechiofinidilt prasotensbating. sAtdorfimvglins oélingpips iperesstddy!
. .the usage af.a pipe not provided with projectio, 8. i
R e B R R Sl DR
scalingterpeditgle, ofahegfisishipiighd Bhichhotegstef heitenot stovisipd wide ordiagfions,
to the eighth.i tion.J. t -RIBEHRS FEFIEHIL AVere th
&8 byolﬁénﬁ"n\a/e%}?gﬁw cﬁ%%é?ﬁ}ét%i%%/%%gopn\g%%%%%gﬁh%%%{%%geEltion, wherein aeret ©
temperguovd thaviinglasdeplth shallower than the height HI of each projection is

IPHDES: Ak dp ﬁ&i&&m&%ﬁg L%%ra%gg% NG PN SHARR PIOVIdeR ARiB heat
transfelp ;egelgféc?tlég ?{? 211'3? (525 h?x\flgnlggg r(])? lthg fqysrtni?i%[mtion through the fourth invention,
wherein a groove having a depth shallower than the height H1 of each projection is formed on
the pipe inner surface.

Among the projections provided on the pipe inner surface in the low Reynolds number
zone, the large projections contribute more to the improvement in the coefficient of heat transfer
than the small projections. Accordingly, providing inside the pipe projections each whose height
is greater than the depth of grooves in a grooved pipe improves the heat transfer effect. However,
in the high Reynolds number zone, grooves shallower than the height of the projections
contribute to the improvement in the coefficient of heat transfer. Accordingly, in the 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.



zone, the large projections contribute more to the improvement in the
coefficient of heat transfer than the small projections. Accordingly,
providing inside the pipe projections each whose height is greater than
the depth of grooves in a grooved pipe improves the heat transfer effect.
However, in the high Reynolds number zone, grooves shallower than the
height of the projections contribute to the improvement in the coefficient of
s SRR L BRYIRE D PR A HIGR SRS FOREH TR RRHEIE et
transfer Patousiacies of the beativenster ¢ e ilfuithaniiopbyadbyhh & umdsigeation,
. the grooved pipe,.wherein grooves shallower than the height of the
wherein i Y PRI O ey SHALE DA R 3 B SR ranster
pipeidieggndiegtionthie Hiaghpaventchirestihe drothieatibe beatidransiEhgipeaasfer to
recited in any-one invention o figst | ion t N
be mad e e PRSI igcton. e
additiompipgressiat dissdtiomaby dvitihy iprpjeetigtbdpantomipecaxifiidirsdiiomeat transfer
pipe enables the promotion of heat transfer to be made continuously. In
" addition, because the fluid flows linearly in the pipe axial direction, the
abehion=aterdestiansts ppsretondiaednienienslimyenéopdrtiadm dersr heat
transfextgf?gQé'f@ch@@iﬁ@ﬁ%ﬁ@ ARG bR ek WAkt AAMBISERRE AREAIiREntion,
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_to the tenth invention is the hot water heat transfer pipe as recited in any
whereinyihe HyehitoalortiectirssiinksiiseHsmistigidne fourth invention, wherein

theiphuplibhafRLoiRe ioneds el isally Rioyidednk alieallnaroyidiRgithe inside the
) projections generates a turning in the flow of the fluid inside the pipe, and
pipe, and ipseegses e lepgithobiin@aaeaghibt thiduaherahe faphuirErRitEdas frg!
transfetperigafadtansfer performance. The hot water heat transfer pipe according

to the eleventh invention is the hot water heat transfer pipe as recjted in
b B HoEAOETGFRLE Rt TOEFIR ok 1 I GCT TR oot ke heat

transferyipsairéored| it ality aiefirvjauinnsfip fovidadead shatihey aie faihdmiention,

.opposing, positions in. the.radial. direction of the heat transfer pipe. .. .
where R B o R SR S o 2 LT PORARARE i
the radrddiabdikectibtheredt cestfee mp@ss sectional area in the vicinity of the

ojections, promotes the mixi he fluid, and further i s
R S P TR R R e greon
reducesectovelftisdetianaliereisitiibenctindrer ibarragsbes piperadecbicadivingrf the

fluid, a%g%lim{&q ' o?rfegﬁeﬁﬁ%ﬁf' %@M%é@&%ﬂé@? fourth invention, Wherei_n
the ratio of a pitch P of the plurality of projections to the heat transfer pipe
idhehot water heat transfer pipe according to the twelfth invention is the hot water heat

transfer pipe as recited in any one invention of the first invention through the fourth invention,
wherein the ratio of a pitch P of the plurality of projections to the heat transfer pipe inner
diameter D is 0.5 — 10.

If the ratio of the pitch P of the projections to the heat transfer pipe inner diameter D is
less than 0.5, then heat transfer is promoted, and the pressure loss increases due to the effect of
the projections on the upstream side. In addition, if the ratio of the pitch P of the projections to
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,



diameter D is 0.5 -10. If the ratio of the pitch P of the projections to the

heat transfer pipe inner diameter D is less than 0.5, then heat transfer is

promoted, and the pressure loss increases due to the effect of the

projections on the upstream side. In addition, if the ratio of the pitch P of

the projections to the heat transfer pipe inner diameter D is greater than

then romotion of heat transfer, decreases. Therefare, by, settin
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Plurahtﬁétfd’r’iﬂliﬁ—@tt%e thirteenth invention is the hot water heat transfer pipe as
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improveneeRih She prelivient BERFRCRASE Shavaly ompHaeeiseiensrande ikothe high
ReynollReynalsls AHBRAE 208, GO Pﬁﬂﬁ@@%ﬁ&%}%ﬁrmﬁf@ﬂ%@ the
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exchangection where the Reynolds number is high, thereby improving the

rfqr f ire heat exgha . The hot water heat tfransfer
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the inner surface of‘the heat transfer pipe.”In the smooth part withou
heat trapedpE uRMs, the cross sectional area inside the heat transfer pipe is

Ao BHPRRWHRES ﬁ%?é'@alﬁqgf admaLyacaln, Qrg%%ﬁb@eot%eoﬁé&e[ranéfer
.. Iinner surface between the portion where the projections are provided an

pipe is fRaxiFio Where iRdspasecifonaxamal natigiewdre thashion nhhoinestieface

betweeHeRE H@ﬂﬂﬁfl‘?%@fé%ﬁfﬁ@eﬂﬂﬁyvﬁ‘é%ﬁd&i@eﬁ%g%@E&GM}{QE XS tions are

the inner surface of the heat transfer pipe, then the effect is the same as

not proyided, which improves the heat transfer performance. However, if a smooth part does not

exist on the inner surface of the heat transfer pipe, then the effect is the same as that obtained in a

heat transfer pipe whose inner diameter is reduced, i.e., the flow speed of the fluid increases and

the heat transfer is promoted, but the pressure loss inside the pipe increases.

The hot water heat transfer pipe according to the fifteenth invention is the hot water heat
transfer pipe as recited in any one invention of the first invention through the fourth invention,
wherein the projections are formed by the application of force from the exterior, are formed in a
linear part, and are not formed in a bent part.

If the projections are formed on the inner surface of the heat transfer pipe by the
application of an external force, then it 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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heat transfer pipe whose inner diameter is reduced, i.e., the flow speed of
the fluid increases and the heat transfer is promoted, but the pressure
loss inside the pipe increases. The hot water heat transfer pipe according
to the fifteenth invention is the hot water heat transfer pipe as recited in
any one invention of the first invention through the fourth invention,

. Wherein.the projections are formed by the appljcation of force from the
projectSp e Rurlidh e o iedmp R re o P R SERO A TS Bt it fhe
pressurthlesriojelotibast apet fithindremttfarihee Isuddicaftiahahh jranskasrpipsshyeates a

e lication of an external ferce, then it s often,the case that the .
aree O o S el e
creates golisispdndakgees.thedittidiite dibatefoserfhe erijecaiddition prioeiledirtthadfecar part,

and pr é@ﬁo%%%?l'@( #%Eigéwﬁ%gg&@% _ bent part. An additional pressure

oss exists in the bent part over and above the pressure loss in the linear
g hpheiedes ealftrangiejediorer erding b drepyoieded drvehtidnietheudaeater heat

transfeOhiREaRALRAT PETEHS AV SN BR MESIVERIOSTHILIDE REH timumidn,

increase further. In"addition, the bending work process creates a large

wherelpghe RERIREHCR f5e ComedVy the ripbsatiennfiéorspftanethe exterientndptaot

formedAPE sVdRiCh tiGates &5 ShefRrealkage s anduihe fike. Therefore, the
rojections are provided in the linear part, and pro'!ections are not

ﬁ RIREPRPRREChEIS Isattrainich SRk altes HaguRH P ioemagFo ke

portionSkdieenite ilvaniiends therbetvaiRELTeR), HaRsimPReRS HEHEHdR 89 fer pipe,
one invention of the fi#ﬁ%nventior}%rough the fourth invention, wherein

Projectias A BRI ARE 1B RGP e b HRAER SPHSIRiemTte kokermgmple, if the
heat traanfbapipadd bianaedlioriaaation taal terpagictiadeohstpiaceddl Hi8he section
where g]% t O%azrtfltlzﬂ g&r al%%nltl art %{ th h?Jat ttransfer pipe, the amount of
SfOTMAtion 1S grea Sstinthe” gl})er 1SR RAre the bent surface intersects.
Therkdorestin teet lvent e plimnaot dhdirpctat ttranstentpineh ipvojeetionshartonStater
rovided.in the.section where the bent surface. intersects, For le, if
heat e B R s A Rpe
. inventipnt whevdiied sstand berttioms{ivhpipethalhorismhialtbudeddnte ests sactivel fluid

that suaﬁfgs%gt _t-gqge%i&f%@s@&ﬂ’&f%ﬂ?%éﬂ@%pjﬁa% %E)%ltglgtst %%%é?g&%%&nglﬂd the

_Invention is the hot water heat transter pI recited In any one
projectife AtfofPBREA & HitBe invensisthesroy s endirfe thhoutarentitng\ehd reinfarmed at a

locatioR &N I BOHES HIRGHAISPARECL AR EXIRHEIP fiow a second fluid

that supplies heat to the fluid; the second heat transfer pipe contacts an
JURES B PEOISFHP IS ETH FofB oML thpdTaeribalens hcindreting ithg catsy surface,

and indBRIRABRYARG WRfSHIRESnRRG AT ined Akl eeREYL RIS AL WaBion where
the proﬁ)e%gl(%g.gﬁg tfgr%?ég ((:)Erlst%}réeinileeggﬂgfaqgfai[’;(r)jagc?ifgzgspaltrr)ee formed at the portion of contact
with the second heat transfer pipe. In other words, if indentations are formed on the outer
surface, then the contact between the heat transfer pipe and the second heat transfer pipe
worsens, thereby reducing the heat transfer effect from the second heat transfer pipe. Therefore,
by not providing 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 from the second heat transfer
pipe.
BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic diagram of a heat pump type hot water heater.

FIG. 2 1s a schematic diagram of a water heat exchanger.

FIG. 3 is a plan view of a heat transfer pipe.
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Herein, the projections are formed on the inner surface by indenting the
outer surface, and indentations are consequently formed on the outer
surface corresponding to the region where the projections are formed on
the inner surface. Projections are formed at the portion of contact with the
second heat transfer pipe. In other words, if indentations are formed on

opter surface. then the contact lqetwe n the heat transfer pipe and the
I B MR S T e R renhr
pipe. effect from the second heat transfer pipe. Therefore, by not providing

jegti ' ' =t Wi heat-transfer.pipe, it
s s seclonclesnan i SRR OSBRI on
sectionghyigeciekeniidenaihnsfet 3108 BRIERTIES GRIPDIO MO PBIRAW NGBS along the

B-B arb{Pink($3.@ Schematic diagram of a heat pump type hot water heater. FIG.
2 is a schematic diagram of a water heat exchanger. FIG. 3 is a plan view

51G ReantEdief Fipaxmnmenyliseaigaph that depicts the Reynolds
puc ek efghgHlompsigrineheptdangier pipe. FIG. S (a) is a cross

sectional perspective view, of the heat transfer pipe; (b) is a cross

SLGHiB AP BRRRASKE SRS S w in (a): and (c) is a cross

Faclionah \ieus akebnlqrastetife Biaw o (bt mikasRripipataniahing
. exlgte iment 1 results. FIG 7 is a graph of the experiment 2 results. FIG. 8
CXPEImE é{raph of the experiment 3 results. FIG 9 is a cross sectional

pecsaeat weprdewodfiieeyesinemngfessplpe according to experiment 4. FIG

i raph of the experiment 4 results. FIG 11 is a plan view of the heat
B e g R o Bl AL o 1 M i
dfiché h @ﬁ$ra}pkimwtdw@ﬁﬁmdtehn Gdosthegpeanchriirpodifesdcotd) dmbodiment;

(b) is a@%ﬁ%%%‘éev%é%‘%ﬁ

at transfer pipe according to the, secon . .
R e A R P
a perspigt sevsnioé ariotdinbent ARG A igaodite sdevndktheolimatrttansfer pipe

ing.t i ' i lan view,of the heat
B B R SO A e,

thih Ehisrarisfeyipipeldbe begirigrms eifenerntstotirtrethe fourth embodiment.

FIG. 15 is a plan view of the heat transfer pipe according to the fifth embodiment.
FIG. 16 is a plan view of the heat transfer pipe according to the sixth embodiment.
FIG. 17 is a plan view of the heat transfer pipe according to the seventh embodiment.
FIG. 18 is a plan view of the heat transfer pipe according to the eighth embodiment.
FIG. 19 (a) 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.
FIG. 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



FIG 16 is a plan view of the heat transfer pipe according to the sixth
embodiment. FIG 17 is a plan view of the heat transfer pipe according to
the seventh embodiment. FIG 18 is a plan view of the heat transfer pipe
according to the eighth embodiment. FIG 19 (a) is a plan view of the heat
transfer pipe according to the ninth embodiment; and (b) is a perspective

312 %%%rogéﬁg heat transfer pipe according to the ninth embodiment. FIG. 20

is a plan view of the heat transfer pipe according to the tenth embodiment.
313, 51B1B]1 2 Pfajeisianplan view of the heat transfer pipe according to the
42 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
315 AowNawsieséiater 2 Heat pump unit 30 Water heat exchanger 31 Heat
32 TRRSierRNG,S811 Water inlet -9 312 Water outlet 313, 513, 613
Projections 42 Grooves 515 Small projections 32 Refrigerant pipe
PREFW@EER@@EW@IENTS The hot water heat transfer pipe

aCeHGHREIQ Ramresast E?ﬁ/@ﬁg&'i’d‘mg RS SXNARERHBRSEH ARWRE explained

attached drawings, and the embodiments. FIG 1 is a schematic diagram

based ogrtharptachehisaliehotthdie PRESNARAt uses the hot water heat transfer
pige pidhedranent YERHOBE HRRiBuiie hsah BUIMR-MRS BPINALSENERIRY: water

prises a hot water supply unit 1, and a heat pump unit 2. The following

heat tra§ oL P S BFeS ORI PR 0% Rl b BV B e apiter
compripipe Adt, wah@tswaiBr wiaragadateddpin Vaier TiTHI TN Rl BRIl
oo SRR BESE 2 o L PR it el e bt
water cuplaliopiperif | Fartheer seppigpivatenibaaupphiett e Bletmtﬁihmmy a water
e QA TRITE SORI 1 PSR o 1o
Further, service water is supplied from the water supply pipe 11 to the hot water storage tank 12.
Low temperature water is supplied by the water circulation pump [3 from the bottom part of the
hot water storage tank 12 to the heat transfer pipe 31 of the water heat exchanger 30, and heated.
The heated hot water flows into the upper part of the hot water storage tank 12. The high
temperature hot water that exits from the upper part of the hot water storage tank 12 via the hot
water pipe 16 is mixed with the cold water of a mixed water pipe 19 by the mixing valve 17. This
mixing valve 17 regulates the temperature of the supplied hot water, which is supplied 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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hot water storage tank 12 to the heat transfer pipe 31 of the water heat
exchanger 30, and heated. The heated hot water flows into the upper part
of the hot water storage tank 12. The high temperature hot water that
exits from the upper part of the hot water storage tank 12 via the hot
water pipe 16 is mixed with the cold water of a mixed water pipe 19 by the
ixing valve 17, This mixing valve 17 regulates the temperature of the
a“’“—“di%epsrﬁee&i BT e&bBﬁa%]ﬁ b Sée?nwfms HOE HeRsA RS Eevay
R. FurthipeHkBoutedrthenfieattirl sigeuwtith2 ippadigedrwitfeapebigerantvater inlet 311,
circulating cirguit, comprisi comprgessor 21, the wat at exchanger
and e R R TR Sar e T g e T
exchangeiritialgfiigesand figaiathe pidcs 8230 ipépreldgbrantiisochmpfeigseht néet 322
from i3 A2RAFERIE ONdDRIGRIDRLER vl ARKSHNFR RSN (G Hhe MREE Bedluer 521
) exchanger 30. The refrigerant w 10se heat'was exchanged in &Shater
in the Adodisseiitandae serpas sesatfennlisdtinte dransion vdyal RBpanididsh 11 direction is
heated BYRRNSHLID s iri3aRt seilianaphiads Hiedelogiadt ahreis hieal o
__the surroundings, and then circulates back to the compressor 21. FIG.
directiqa.a schematic diagram of the water heat exchanger 30 in the heat pump

tyRe BAbWIRLHDEARHAS AP e 8 Blte 24 tRS Watle! Beaiexchangandhs

comprises the heat transfer pipe 31 ‘and the refrigerant pipe 32. The heat

projectipifsret FApR 6 Reshiiciah i By rd sris iy seram this ahag buun pitch (refer

to P in Sh@pBdnanefipensial Watetioassanepipy Mhel BeTIHLIROLLIPRBZHS pipe 31. In
ically wound -10 $ounol he outer circumference of the heat transfer

helic : .
FlG 3=8Fb&é’ RERFBARS H 1yt paRh by e et itk ihcimanstfur face direction

are shositcUmfier ntirbsiclatotithespiral e teagsienpipe: Ak ivawalel NiebBhk heat
and enter side of the nsfer pipe 31 is a water outlet 312.

the ¢ ' attr
st TSP HGaIP BSRARSLY . nd o AR SR TGP ARE e 312
is set t@apfiawirintel RO 7€l iHereint intefl @22 ofuore sfeh 22diractiomandaadiaisipe is
approxpegtte'%?% tri] Hrlljﬁnﬂyagcﬂt?%%% %gfe%ﬁe{ eg{%e(r)?%t}e egla?tt{%éi %}gﬁ? iﬁér}gﬁ?rably 8

Irec e Sservice water supplied into the water inle

- 14 mutireeition fs—Héared ipypahisahesty)turns into hot water, and flows out of the
WREEY QUIRH AT 2R g ad e GY Igwing explaing the heat, .
transfer pipe 31. As shﬁn In &Illﬁlé%%g,%-gp%ggég}g:%%%ﬁ?ﬁ%ﬁes%%%négﬁlm 3L

As shopanim§1&ieititRmrojtoviekry Beicaine syrsmeint il POeherpitais{eefepe 31 is

0. 1A e M s S N S e o

advancgi ghe Walge thatdia Widnplipa the deie Hirexelonn ssrcherionith the tredjzrsertimipe 32

shown STHICOIM@REHaNaiR IRMBRIAUNS A T WRChHINSL S & AL e M ure
transfer g{lﬁ{? 31 is set to approximately 10 C, and the water temperature

decreasgtsﬁl?g cosieisnnaf wipeosity of the water,"'which gradually increases the Reynolds
number Re. In FIG 4, the Reynolds number Re at the water outlet 312 is approximately 7,000,

and the flow inside the pipe is in the transition zone where the flow transitions from laminar flow
to turbulent flow. The following experiments were performed to investigate the impact of the
plurality of projections 313 provided on the pipe inner surface of the heat transfer pipe 31 on the
improvement in the heat transfer performance, and on the pressure loss.
(1) EXPERIMENT 1

FIG. 5 (a) is a cross sectional perspective view of the heat transfer pipe 31. In experiment
1, projections each having a height HI of 1.0 mm are provided vertically symmetric on the pipe
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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is set to approximately 90 C. Herein, the flow volume of the water in the
heat transfer pipe is approximately 0.8 L/min. In addition, the outer
diameter of the heat transfer pipe is preferably 8 - 14 mm (with a 6 - 12
mm inner diameter). FIG. 4 is a chart of the Reynolds number Re of the
flow inside the heat transfer pipe 31. As shown in FIG 4, the Reynolds
(©) is number Re eTt the w%%ter inlet 311 of the heat ransfewi&e 3lis
'S 2 SiSBroRMAely S B At W M STEHHE Hive <t the kb aserdipm FIG. 5
(2) and FbGeS 9, tthe prajectitow 3a8uanfiemdienhtemitatstiee by e imebuter
311. exchanges heat with the.refrigerant pipe S n.in FIG. 2, therepy
st I R LS Jna g preecion 31
is formetberdhatdts tiempoinffividrinef viscositipodthie watet} ipthidh yrabltrafiyt surfaced parts
[ 2 .In FIG 4, the, Reynolds number Re
31 o IS el G SRR RS G o

(a) gr aﬁ@ifﬁlﬁ@%ﬁ@ﬁ@‘l@dﬂm&é M@ﬁwmﬁi@m#am éﬁmgd‘mm the
flow indHPHIEBHAONINENG (RUOWIRG LHBRTIHRNES WEIE,P &%@s‘é‘?ﬁ&qqﬁ’ I’Irrc])\xlz?ﬁ%leq%etr?linar flow

the |mgact of the plurality of projections 313 provi on the pipe Inn

zone todfipfaBubihBone e ifatsrbesigensicopenfermenso fathsrale ihevhishta smooth
pipe notsrﬁxr&%ﬁ%@&ﬁﬁﬁrﬁi@j@ﬁﬁmﬁﬁﬁ Q@:&,hé‘nﬁrﬁﬁ%ﬁé%ﬁ%@%vﬂ@eﬁ?ﬁﬁ@lwm-hleﬂﬁ having

. a) is a cross sectional perspective view of the heat fransfer pipe 31. In-
a heighb Qi Hrhdnm afsafauidids BEi% Hasimyne s gRib repiahRinteqpinadai!

directionSEAIBLSWAFIRE e hdRedRRE N RLARUERAGIIRAMNG BNHRNENAAMEIERBer Re.
of 8,0 mm so that the pitch P in the piloe axial direction is 20 mm. FIG. 5

The veriigal axiR PR SRLHIRAPYR BN a SRS he PR GRS FHasel paymbicNu of

the heaft@nsber-plde 42)sonidedssisestionalonen BiemalongdhaBrBeANAWIP L Gmooth
. As can be seen from FIG, d FIG. 5 (b), the projections 313

5 f D :
bt o T N T L LER By AR Senih e Hitentof
heat tratrefastenpéped o adiditanj@adesanbebsgarhicdmedes. £ (6)indagh KRNy heat

313 is farmed so,that.its shape in the transverse sectional view, is
ranster B R s it e ) e
from thexigidwaHed el sidfaceooditiabyhthatitnaastbe PipANad vEIG, the(algranhs,
: in.th Reynolds number section arisin
BRI ACR R A S R RS
can be spapdresniAgffom tHehaRayae HewunbreRe ihdesatbatehOBdvtheotis; therovement

in the h@%&é@fbﬁﬁér%ﬁé@@&&pﬁlm(ﬁ%@oﬁ\g"li]gftéﬁéWﬁ Sté‘lhgi & A9 1.0 mm, is

rovided with projections is used, and for the case wherein projections

clear. wich naldeiyrthar Be isauenterathapovided tedtRe0ysyrimetric
improveRdhaitie R RHEdPs-PiRs @Rl gl eFHINIS R s T %dgﬁ_?ﬁgde the pipe

) horizontal axis represents the value of the Reynolds number Re.
is modgstrtical axis represents the ratio (Nu/Nuo), which is the ratio of the Nusselt

RUMBEbN@#hs, for each Reynolds number Re in the low Reynolds number section

arising from the flow inside the pipe being in the laminar flow zone as well as transitioning from
the laminar flow zone to the turbulent flow zone, the trend in the pressure loss inside the pipe for
the case of using a smooth pipe not provided with projections, and the case of using a heat
transfer pipe 31 provided vertically symmetric with projections 313 each whose height H1 is 1.0
mm so that the pitch P in the pipe axial direction is 20 mm. Further, the horizontal axis represents
the value of the Reynolds number Re. The vertical axis represents the ratio (f/fo), which is the
ratio of the Fanning friction factor f of the heat transfer pipe 31 provided 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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the heat transfer pipe 31 provided with projections 313 to the Nusselt
number Nuo of the smooth heat transfer pipe not provided with
projections. Further, the Nusselt number is the coefficient of heat transfer
converted to a dimensionless number, which serves as an index of how
easily heat transfers from the solid wall to the fluid; the larger that

e r-the,easief that heat conducts from the solid wall to the fluid, )
mside R R S b R haslarsib o v e
Accordinginedetiaaerehpfforaten cheadrthehbattraasfesipe [dueitei fiahe pipe. As can

BGHoNS.: IG 6 (a), if the Reynolds number Re is .
e o PERL I ARURIIE LS SRS PO DR
the pipgdeitdhpdaprops dion g @ tescheosuhdighttiidistieheanaissfetarpe 31

providEAONEY Brojidiieh REVI RIS e R G5 402 8. anof 5 %Léeal%&oﬁ?gg%%d with

. _then the improvement in the heat transfer performance ) .
ProfeclftecRtiR 31 e aeeridsioenher Bipéndsrenent ki @ow {byideaphpirfor
transitigAS RGReROIsALMROF RadNdRg IR REXoids Jumber sectign ﬁnféz'lgs@de the

from ﬁhe flow inside the pipe being in the laminar flow zone as we

pipe dyedAdRFOMRIGHORT dhbnatvired spibebing tengrctnfsalale invwezsese furtber, if the

ReynoldendribéhR pregateroms asidehs pom ore @ £A28:0fRING ARTAWipe
. IE% not provided with projections, and the case of using a heat transfer
*‘f’mamg'p“e %ﬁnﬂpﬁ&ia%‘%@hically symmetric with projections 31.3 each whose

(2) EXREIBAVHEINT 20 mm so that the pitch P in the pipe axial direction is 20

m.. Further, the.horizontal axis represents the value of the Reynolds
e R R VR ST B e ety e et

perforrafithe didonithy frictondantonf hkthevaatdsansispe Bﬁpgﬂirﬁéﬁhvmﬁﬂs%l‘fonned by

. iacti 1 the.Fanning,friction factor to of the smooth pipe not
o e A P 21 ARt L ik PR, FIC (@) graphs
the heagjimaapisiaridormanebier thatisdivares dhprpjeinmelossoiiferfigWeibhts H1 are

- Jinside: ipe..rhel ber, the greater the pressure_lo f
o Y S e R R Bl
that thepélehdtén hrepingrexiebdimsiite indpipe, Rertun, the atmitaFiSiErépestibahe
value JREMIUES NGRS 3ROSR %090 k8 ll%gpeesefh \slve"étsff;:ag% g]g,?lNuo),

ipe is in the laminar flow zone, then the pressure loss Insi

which i%&h%fé%ﬁfé@ﬂ\lﬁ%a@@mw@féaﬁ@ﬁ@ gEBsBRRiwAleprorddehiitside
projectibfsITPRImRIREG 36k RIPYIdeshvthe ﬁ@ﬂ%ﬁ?ﬁeﬂ%&@f@%ﬁetﬁ'& %%ﬁgél With

number Re increases and the flow inside the pipe transitions fro

ProJecHQHinlt oW 26He tBTser s B B HRABIP B heestis fresdarciisdeimsitils thenber Re

was 4,(ipeadtl &Hﬁﬂmwrﬁi@%}ﬁ@&ﬁé&}ﬁ@@éﬁﬂu&ﬁéﬁﬁﬂ@@fﬂﬁ%%@@&ﬂéﬁs number

Re was 00 e SREATHE T HLAMEST5E DA Db rons 313

the gregiondiamprovement in the heat transfer performance, for both the case in which the
Reynolds number Re was 4,000 and 2,000. In addition, as can be seen from the dotted linein
FIG. 7 (a), the projections 313 yielded virtually no improvement in the heat transfer performance
when the height HI of the projections 313 was less than 0.5 mm and the Reynolds number Re
was 2,000. An improvement in the heat transfer performance first appears when the height HI of
the projections 313 rises above 0.8 mm.

FIG. 7 (b) graphs the performance of the entire heat transfer pipe for the case in which
projections having differing heights H1 were provided vertically symmetric at a 20 mm pitch (in
the pipe axial direction) in a heat transfer pipe whose inner diameter D was 8.0 mm. In other

words, it represents the performance comprehensively taking into consideration the improvement
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(2) EXPERIMENT 2 To investigate the impact of the height HI of the

projections 313 on the heat transfer performance and on the pressure

loss of the flow inside the pipe, experiment 2 was performed by varying

the height HI of the projections 313 provided on the pipe inner surface.

FIG. 7 (a) graphs the heat transfer performance for the case in which
. jecli ing. differing.heights HI. are .provided ve tica}y symmetric in
i e B i SR Pt T L ik thhorizona
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the lo [ds cHpberNecHPRn & R @stinEmsTes of teesine bertiiansiroBptiomsrto ed

when tHeer RS tRUARBENMS Vhihe B0 begitansferpiRg ;[5}19{185%%61? preferable
10

that th |$1 %li%mérectlons, divided by the ratio (f/fo), which is the ratio of the

§HGHRIRRLIR 3 HHBe Fige raRSter bibBMrovided with projections
(3) EXRRENFBENTI friction factor fo of the smooth heat transfer pipe not

q}rloev}ided Witpgor.o%%ctié)nri. As discyssed above, the larger the Nu/Nuo
VAP L alertAe ShoeuRRReiRcirRt hlbe A SR sssiaimbhas iadg an
index, therdagee theghtessaltie/Maerves as the index. To investigate the impact of this relative

roughness (H1/D) on the heat transfer performance and on the pressure loss of the flow inside the
pipe, this experiment was performed by varying the relative roughness (H1/D). FIG. 8 (a) graphs
the heat transfer performance by varying the relative roughness (H1/D) in the states when the
Reynolds number Re was 2,000 and 4,000, and for the case in which a smooth pipe not provided
with projections was employed. Herein, the horizontal axis represents the value of the relative
roughness (H1/D). The vertical axis represents the ratio (Nu/Nuo), which is the ratio of the
Nusselt number Nu of the heat transfer pipe 31 provided with projections 313 to the Nusselt
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 (H1/D) of the projections, the greater the
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greater the water pressure loss inside the pipe. Accordingly, the larger the
value of Nu/Nuo divided by f/fo, the greater the improvement in the heat
transfer performance, the smaller the impact that the projections have on
the pressure loss inside the pipe, and the greater the improvement in the
performance of the entire heat transfer pipe. In FIG 7 (b), the solid line

improvre‘?%g?%etﬁ&f%gg%%? %%}(?{[@rﬁseggclgs 2 %HA%;%%SESVXQ eg?féggggg%%ﬁgﬁmd line in

number Re was 4,( otted Tine represents
FIG. 8 fapihe peni eatioessie M NateallerRéppotds memt rethR beatsaAsBifheforaaambein the

state whBR Tl RV EH R nihne rl?@ﬁb&ﬁlﬂﬁé%ﬂ@é@fggﬁ%aﬁﬁ%qjgf pymb éq—E ) is less

was 2,000 and 4,000, the value of Nu/Nuo 0 s larges
than 0-Jyhen the height of the projections provided inside the heat transfer pipe

Was @ Soirhpiang ARGALEY HRAM WO BRSNS of k?&g%g?g&%%laﬁve

exceeded 2.0 mm. [n other words, in the low Reynolds hu ion,
roughngiss (FEHBAEHEPERBGEBiidRs e srtninsrdrghesmasibuie: siewatidedendtt
projectrifiey Ay eiRpligns. Warin, e K8AAenef Q:8s 2 Bridmd BRHIEUIA L 131ative
h pref iﬁé ,Ilt;slat the height of the projections is in the range of 09 - 1.2 mm.
roughnss ER A PRSP B AP AR bl & ratio
of the Megetojration NI 1T, ths lisarsaanfeinsioy plaeeRiativen reraghness RN usselt
peSRIVES A% the ingge : T(grinv stigate the im%[act of this relative roughness .
et S5 SRR A BN B RS U bW harpiesion 6eided bahe raso
(f/fo), Woilinsitie titéo pfiths frisnéngp Giirvientaas perfoimed: uyaryiFigdpovided with
. felative.roughness (HI/D). FI1G..8 raphs . the heat transfer X ,
Pl e P LR SR S5 T Feaesyitr wiv
projectinas. Reyhslassailizhbes, Re Weese2BOBahth ¢ 000, abd denthaleaBepiowhieht in the
' i ith.pyejections,was employed, Herein, the . .
s o TSR R N VLRI S TP Pt e
the pipgepfeardinig yehedsarastshh & saro (WNuo)fiwhich by tHe, rtiechthehe
improveRElh MRBef R NG RSALIARSIR! RIRG SR Qyided (%/IV %Wep{%gg H0%%0n the

313 to the Nusselt number Nuo of the smooth heat transfer pipeno
pressung losriBaidfthopiectshibe mseaten the terievrsnen FIGhs Ketfothertarysliteeentire

heat tr¥Rle RhENR JelRAMEERHIRNL 33 HI/B), f R IPERIRSHONS, mei&rﬁl%tﬁ'é %Lgréber Re

rovement in the heat transfer performance. In addition;”as ca

was 2. QLA gD 15 NP 48 h B e esess e ot

roughnBPENEN AL Hrsidieohy BRREDBIEIMNARGRINIARFSIAG NI D€ nd that value
ds number is 2,000 and the value of the relative roughness (HI/D)

Reyno :
decrease Sursgeily e HIE&T8 By Srap (b dhnbheuirioanarsasded 0-25. In
other wioadsfer thiplewReanyiag itebelaty sedioug e ser bRk 0 b8 U RIBCHOMSransfer

pipe inngrotye%% o %e\/\{’gfg e r%ﬁ?&%@sg I@F E)bo)topfr %\g%?%ggggns was in the range of 0.1 -
0.25. It is particularly preferable that the relative roughness (H1/D) of the projections is in the
range of 0.11 — 0.15.
(4) EXPERIMENT 4

Experiment 4 compares a heat transfer pipe 41 shown in FIG. 9 with the heat transfer pipe
31 shown in FIG. 5. Herein, grooves 42 having a depth of 0.2 mm were provided on the inner
surface of the heat transfer pipe 41, shown in FIG. 9, whose inner diameter D was 8.0 mm.
Further, the grooves 42 are represented by lines. However, in the heat transfer pipe 31 shown in
FIG 5, a plurality of projections 313 each having a height of H1 was provided vertically
symmetric so that their pitch was 20 mm. FIG. 10 (a) graphs the heat transfer performance, for

each Reynolds number Re in the low Reynolds number section arising from the flow inside the
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projections was employed. Herein, the horizontal axis represents the
value of the relative roughness (H1/D). The vertical axis represents the
value of the ratio (Nu/Nuo), which is the ratio of the Nusselt number Nu of
the heat transfer pipe provided with projections to the Nusselt number
Nuo of the smooth heat transfer pipe not provided with projections, divided

: ] o ( Ich is.the ratio of the Fanning friction factor f of the
P T o AR e i B oo e
turbulepy Soiegindortitecaseranefeplpipecribe peoided faithipprojemiibfis: BAs case of

empioﬁ'ﬁé: ﬁ%ﬁ&ﬁ?&&%ﬂg%@f g.elrIQPSI{\,I H{yy&l\églﬂ% g(]les %ﬁg&?ﬁttsht% Vgiﬁ?oof the

Improvement in the heat transfer performance; an arger?h
Reynoldgiumbra Bre Al Yeicehai preyssretidhe takiv@Nuhdupipehitcisrdiagio of the

Nusselfi@as8ENther ‘ﬂ%%a@%‘lﬂéﬁﬂﬂ!igﬁgﬁ%ﬂg Pty %ﬂﬁ@lﬁﬁé?ﬂ 1'B RGN

in the coefficient of heat transfer, the smaller the impa the projections

numbep, Nyontihe stpatiduss iarpeienpips ot arey itedgrahteroiretionprbvehrerthinsolid
line is the peHameRAreaf mﬁﬂﬁ%emﬂrtﬁéﬁf?’e@P%va%‘%zﬁgf&%,sﬁﬁﬂﬁ%o@amgd line is

h FIG. 8&%3)6 in both states when the Reynolds number Re"was 2,000 an
the exEp ARG AN B K REITARTIE A B5 HioeREmBlgUat vineATRe resativem FIG. 10

(2), whaieRess ¢l ki ensaissipns RIoVIdRS insidedhedt atHansierRiRg:
erforas 05&1, %n(&lg aeta}/%Iue éjecre ed m;g}( dly when the relative roughness .
PO G G 1, 18 P R B R BB TR RGNS 3 demste marked than.

the imReyerotas muhelieaReusdetipe fthe peddraanoe: okl e-sRIELHSAL I'BRNRILd with
ipe ipproved when the relative royghness D) of the projections was
o B A R v
heat trgpifghprebentiane) doktivetipr bist tioms fis: b d 1 rpvgaied Qi erbolBs #)is more
ke ER] ¥ ?&Pﬁﬁr- e mpares.a heat transfer_ pipe 41 shown jn
T R ey s e L S el et e
provideghinithy rreiegtansf32 mm were provided on the inner surface of the heat

trgastey @ showp.in B394 inner diameter, D was 8.0 mm., .
Further,(?g?ga%g\(esﬁizs.aree r@é%éﬁnrﬁzget%}rﬁégs{: ﬁfgbvg\? r,0 ?r(? Stﬁ’é"ﬁrge%tRe in the
low Reyapidepiiersecionversingriramshe fimw aisidofihr ojeetiome3a Shedaninar flow

zone adiavingsarheiafohafHwampriavided yerically téﬁ?@%%ﬂ&ﬁ?ff&%t&%ér g%ci:x:[r%pe case

as 20 mm. FIG, 10 (a) graphs the heat transfer performance,

of emp&é%?d?ﬁﬁﬁﬁ%ﬁ?@épm TR&goMSRDMbER Scambiramsngirodi thisrein,
the horfl@ntinside ifgesdhs BHpeNeinG indRe AR o200 S W @Paxis renresents

h t.trzggiéion'hri fro‘rﬁ the.laminar flow zone to the turbulent flow zone, for the

© ratigadd or BHpldsing s dbtririepierian, fariarrbp tife dagbtimsfer pipe 31 and
heat tramsfptqyingihe tedtdiangier gipa Bkdd %@ﬂﬁ@@%ﬂgtﬁe@kﬁ&s@é@g&ﬁ%ﬁﬁ

adhg.y lue of Ehe I}’@/noldi nu r Re. The vertical axis represents the

provi ?at\;gt?}\mmﬁcj: nons;herein, jhs ﬁgrﬁ %F?Héthe experimental data when the heat transfer
pipe 31 was employed, and the dotted line is the experimental data when the heat transfer pipe 41
was employed. As can be seen from FIG. 10 (b), when the Reynolds number Re is approximately
2,000 in the heat transfer pipe 31, i.e., when the flow inside the pipe is in the laminar flow zone,
the pressure loss is on par with the pressure loss inside the smooth pipe. However, as the
Reynolds number Re increases and the flow inside the pipe transitions from the laminar flow
zone to the turbulent flow zone, the pressure loss inside the pipe due to the projections 313
provided on the pipe inner surface increases. However, when the flow inside the heat transfer
pipe 41 is in the laminar flow zone and/or in 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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Nusselt number Nu of the heat transfer pipe 31 and the heat transfer pipe

41 to the Nusselt number Nuo of the smooth heat transfer pipe not

provided with projections. Further, the solid line is the experimental data

when the heat transfer pipe 31 was employed, and the dotted line is the

experimental data when the heat transfer pipe 41 was employed. As can

) n the Reynolds nymber Re is less than

o A B S s e s o
zone, the RERSUPIPesS Mps ibke bowlitraps e ptivnbl 34 ismatemthckedstoanodadnside the

heat wrdAYRPNRINENLAR the B@@ééﬁ%ﬂ@%@%@% %x%%t%% égé f}gggqtgrrgg%er ce of the

. pipe 41 provided V\(ith“%r%oves 42. Howev V\I/ ent eyn number
entire hgatigangpnpéiegt basdriches thapibobatdm heaharsden pinadfer performance

drie R NbR Mo ahEyIsesRIREthERIaYide %i‘ifx@%%?&\é%ﬁi%%ri ?rg?r?rgﬁe PRUED: heat

than the improvement in the heat transfer performance due to the heat

transfef RiRSAAFSRSKn 1O HHE PRFSEN AN BHiB cHBrsefpY omics smitpyigrenshorahess such as

the innpressueelaSsinsidaHepipeian cac b Ravaplds W&Eﬁﬁ“@%‘éﬁ ggﬁ%@m% of the

Reynolds Lgfmb r section arising from the flow insi ) _
groovef, S T H T MR B G P TSR iy AP RSt A s ey diments
the valties tnebitetht: fibovzonerifokthe pase ok empleying Beharb AR5 iah RIPS e

and the.case o %mrpgg%/icg%%ﬁseat transfer pipe 31.. Herein, the horizontal

1 u e

various parameters recited 1 ; i
IS represenq[s Reynolds number Re. The vertical axis

<FIRSFE HRHROBIMENIto (f/fo), which is the ratio of the Fanning friction factor f
sfer pipe 31 and .heat.transfer pipe 41 to the Fannin )
B U R TR B et pAODIGRAPIRAR: having o

_ friction factor € Smoo attran
height BrbjeictiBmemiaes girovidedsatitidilly iy thaeipenintentat data fakast thegdipatvhose
inner ditsierHRipe d the dotted line.is the experimental
et data when th((a? #lgg? ﬁglr%%%ﬁgceh %‘n\}\?aesp amp oly?egl.r Célg%s gg oo, g, heat
transfeppipe 10 @f)thwiest evebrRtimesldesrmhmbenR B8Gs B proadipatilytichO605isadtiehaving

a height @& HENSTRIPIRE Fbvikd B@?\%@eﬁ‘ﬁrﬁﬁ%m&%ﬁﬂ%ﬂ%ﬁi”&t eelﬁl?{%ﬁaorf 1.0 mm.
flow zone, the pressure loss is on par with the pressure loss insite the
In the lgwy Reynplpeniuphre rareath eHarer sypiskiionerbaitRE ochedsgsanthehein the

coefficlipivdnmide:hesripdrensitians frem thedaminaniiow. 2008 i tkég%'(ﬁﬁg

flow zone, the pressure loss inside the pipe due to the projections

numOeh F00f LB SNPESS TR FUFALEE indhsdsuopmmalén heneas firicions heat

transfeingtde the eali@nsigecang Ahisdn e | ARiatilewm RaIRRYREMAS 1 5 cach
hose ﬁg{:tfgg;%?g H? traniltlon z%g from the laminar flow zone to the turbulent

W S\ 24e!StHe PrEsREEciisl et e taghanbestisiatidlpiedsdiram, 2

synerglggsdfisid és thehiemeaaiihtpap thel Brafidition, svBem ey ane MSifRNgPIRe AR hince in

he laminar flow zone -16 and/oy in all sections of the transition zone from
the s O S RO eR (e A 0r TORLPER PHEEsala IESEare et

transfethpeitigmanan sichpipetith istgreateRbaniherpiasetieHnss MSES hproving the

performance of the entire heat exchanger.
<SECOND EMBODIMENT>>

As shown in FIG. 12, a heat transfer pipe 61 employed in the second embodiment is
provided with projections 613 along a helix C1 on the pipe inner surface. FIG, 12 (a) is a plan
view of the heat transfer pipe 61, and FIG. 12 (b) is a perspective view of the heat transfer pipe
61. Furthermore, the height H1 of the projections 613 is 1.0 mm, a pitch P1 in the
circumferential direction is 6.0 mm, 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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heat transfer pipe 31. As can be seen from the above experimental data,
the performance of the entire heat transfer pipe 31 is higher than that of
the heat transfer pipe 41. The following embodiments further explain
structures that differ from the hot water heat transfer pipe according to the
present invention. (In the following embodiments, values such as the

Furth inner diam tg}r D, the heights HI, H2 and the pitch of the projections, and
urthepergaARCBr the BroteEniseEntiddisionis e mndasash ddn e pipe
axial datsgipossiientemuse in these embodiments the values used in the

<Tml€8q¥ﬁﬁ%|ﬁﬁi$§§penments, as well as the numerical ranges of the
various paramete

recited in the claims.) <FIRST EMBODIMENT> The
fikstsbmbo diriBGit Idsedh thethmaletrpiefes pipp1dlewhelei Thpisaianseach

having a. height HI of 1.0 mm are provi vertically.s etric on the, .
compr R B RS S St B pebmat i i
projectfsitesh Fuitheie ip eharsedt dinetomisp 6y ided. with frepctisan i eopipenbd iafthe
. i ' t in.F1G.11. small proiectiops.515 each
Rt b0 b 3 o A o R RN 6 BRhi WaBTe
vicinitha{thg euHei RLIF dictheaniransier thod &b, Rey tiuitsinterbfrzonak hbstaiie of

the pipPOIEIPBRRRNEIPHIRIA R NBLE R URAIIRING LRGSR OLOSc <caling
transfer more than the small projections; however, in't e%&l‘?&eynoldps
Therefofgnnsaling Heupraesasd Py rsjeptividies ataisstéors inchinsprtve Ginpésitiomed in the
vicinitgeefficiani@idieat dsansirrame handhp dargsroiggions. Therefore, by
roviding the small projections 515 each” whose height H2 is 0.3 mm
<FOU tﬁmgﬁﬁéﬁs 513 each whose height H1 is 1.0 mm, a
yoergistiaefretis, achiaves inthatde proiesHons ddmmeys iehsats o

t ansfergegofimance in the section where the Reynolds number is low,
i

grooveg DiPHRFOYIATH HR BERHE S AR OVRIRE A IGRRSED B &RBr RS vReRFMhBrojections
643 caciebtioingvhbeizeIReynolasmnatnbeivisdiadRrihens by HRRIYIRD Hhe their pitch P in
the vi %ergli_rggnce of, tri entirrﬂfgﬁat egchanger. <SECOND EMBODIMENT> As
PIPS RSN THIEHE™ 127 A Rlat HERE P DRI B PSP B anrFiFuedpHaes. Herein,
providiegedimgntisnyieyiteateyite projidtiansih g alongsad@itetdsals iR iBge effect
f inner. surface. FIG..124‘§[ is @ plan_view qf th 1LHeat transfer pipe 61, and
or e B i A B e R e 2
<FIFTELENEBOSYEVIRY Treight HI of the projections 613 is 1.0 mm, a pitch P1 in
18s aisumiPI AR RGOS QO MINANG ARIEN R Indhe DlRe 8ol o

_direction is 6.0 mm. A heat trgns. 1|Ep|%nia|535ee 2 ev%rilnlrtlg Bi&: a%%dlgnem comprises
a sectiqggrGoriaergisacsionl Projections 625 sactedvih gseskighbBt2pssi8nebin the
vicinitP SMHSRRRAIAELENS §2RLAHRWIRS: %Q%&HL&%&HQ 54 éa'ci%'gaving a height of
1.0 mm are provided in the grooved pipe provided with grooves 654 each having a depth of 0.2
mm. The grooves 654 are represented by lines. In addition to the grooves 654 and the projections
653 achieving a synergistic effect for the entire heat transfer pipe, scaling is suppressed in the
section 65b positioned in the vicinity of the water outlet 652, where the water temperature is
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¢ positioned in the vicinity of a water
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Furthermore, a pitch P3 in the circumferential direction is 2.0 mm, and a

pitch P4 in the pipe axial direction is 2.0 mm. <THIRD EMBODIMENT>

As shown in FIG. 13, a heat transfer pipe 63 employed in the third

embodiment comprises a section 63a provided with projections 633, and

a section 63b not provided with projections. Furthermore, the section 63b

rovi j jechans: ifioned in the vicinity of.a water outlet

S i IR R AT
groovedrRing stAtnaTd orithamenetGifstaciphoaiag adetinef 6. Bitheisfarelayigkbetween

the sec@baGH N OIhh @ aiRE ¥Rl HEIQEHJQHQ %&M&%@ﬁeapg Qﬁ\]/#geesgﬁ%g %é:/qiges. Blyther, a

section, then it may promote scaling.” Therefore, scaling Is suppresse
synergishie S{Sabingehibied 8 thatihn ereissiion B33 poditloneddrehesyiomityve e

transfenpéefoAtiiele03 2ny iR R AePHaR Bl RERBIAL SR e S QURE
BODIMENT> As shown in FIG., 1%},% heat transfer70 ipe 64 egb?é’ﬁ%éf?ﬁ

. E
IMPTOYH AR R CThBEHRHBRAISE & Grosokenpihersrdvdeanoles groshesdseiighe thticby

improiayihg petfoptinnicl? thyenarichederoin AIGICEIANEHEA I SR NAYIRG&sed in the
section Sidnt Hl.of 1.0 mm are ﬁg{ovlé ed vertically symmetric so that'their'pitch P
in i i2) G SLHBHL L G ISE GHHE Ofife WyhEE ke BateRemperature is

pipe axia
high. represented by lines. Herein, providing the projections 643 in the pipe

<SEVP f?%ﬁ{ m’ 644 achieves a synergisti(_: eff_ect for the entire heat
trfgoril/s er plpggﬁlgf%ﬁﬁggrooves 644 and the projections 643. <FIFTH

EM BOBIMENTS IXs ssherans felGifless Adngstotrantieficnipe: 6t empbayashin
; i iment ises _a sectign 65a and a section 65b. A . .
com B D B T R &G A e it
projectipiet’Gs2cinhtidne ade bt én 6 5ampscjestiomth 658 sach halving aweightlet 671
i1 RS .RLS ided:j i rovided with groaves 654 .
untl_ ) eachﬁ\aving_ a g%é[igtyr!i‘dg%gé% mn%ﬁ ?%%%ﬁ§%§eg rg)fr:eisplr‘%g%ﬁ?etgebvcmn 67c
positiopgddn fRedainth 46 aveagraniies €54 andl 2iseqonsié pilsns:c6568 6Tinieitngraoves 674

each hsymgroiRienestarh fonthe spY %@%ﬁt{ﬁéq§ggﬂ&{%eiasa%%l i !v,sfi%ug%p tf?s.sﬁgré?n, the
, W

the_section 65b positioned in the vicinity of the water outle ere

Eroovef R/ At FRATS B fReiehi AT ResmOTH EWMBTII RS iechowd imtFiGhe
proj ecticﬁxs&?@ﬁhﬁ%ﬂ&fl@é’a@%@@r%mﬁgé@i%é%i@%ﬂgﬁﬁ@hgﬁqﬁg%ﬁ%ba is

low. an Egéa sectiong'ﬁzi,section 66a, a section 66b, and a section 66c¢.

> A8 AR SROBKES P hiTPR YRR SR draB BT R B aRes ol SsahmberIResisiBeynolds
numbettietpipe dsedBOMmprovonved pipRmavided Ul aroaas 064 S5 NaNIRGon,
. a d%%th of 0.2 mm is emrpég}yed, whergln projections 663 each
scaling is suppressed in the secfiorl 67¢ positioned in the vicinity of the water outlet 672, where
the water temperature is high.

<EIGHTH EMBODIMENT>

In a heat transfer pipe 68 used in the eighth embodiment as shown in FIG. 18, projections
683 are provided in a linear part 684, but projections are not provided in the bent parts B1 - B7.
Providing projections on the inner surface of the bent parts Bl —B7 avoids increasing the
pressure loss in the pipe, and can a]so avoid the occurrence of large deformations, breaks, and the
like, during the bending work process.
<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 St in a bent part C - C.
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having a height of 1.0 mm are provided; in the section 66c positioned in
the vicinity of a water -18 outlet 662, a smooth pipe provided with neither
grooves nor projections is employed; and the grooved pipe section 66b
with grooves 664 each having a depth of 0.2 mm is employed between
the section 66a and the section 66¢. Herein, the grooves 664 are

<TEN’[§P%&%%§E‘N?§' Further, a synergistic effect is achieved in that the

projections and the grooves 664 improve heat transfer performance
im thhegbbrosfanimére THeReymdidsentinebewidi oot anchthvengroae 2 @GAojections

are not RPAGYS beALLansTe: 8&%@?{*&%&%& én%%%f»}ii) ana%;iﬁg&ﬁ?g{ﬂﬂg"?g of the heat

number is high, thereby improving the performance o entire’ne
transferpiggaHgadenisarertiorn ddeding theipp rateesiiatiesccsastionditicio the region

e ERERaligedatemon papain e gion
perat B P e T A R e KTy pe 72

and thepeat irapwife PP ST eHifEs &4 owhd desyesnhceratinelivishito Coversasiag the effect
of the tHFSRISECHONT: HEORIRR B EAntIECHO M LR BRI ﬁﬁéﬁﬁﬁk?gp%%g&ﬁépg 3 in the

d with projections 673 each having a height of 1.0 mm is used In

. provid §
region m*éegﬂe@ﬁaﬁf@%sr%me&afémﬁmﬁ ARRIIHETREGHINNS Teduebien Rethe effect of
transfeiriaiclRcther pipehis 4 RBi-atssTRO. pipe is used in the section 67c

it ' icinity of a water outlet 672 ; and a grooved pipe section
<ELE€£§%§£E§#§O§§§ Ach having a depth of 0.2 mm is used between
tRis2Eiion 67 alamdite sfedtion teafeidd gipig thRediaane s 6vh @ 8nbodiment, and

represented by Jines. Eurthermore, a ergjstic effect is achieved in that
ri. 2 SOEHEE Relass Jel ! AAPHES DABTHASIRS I b @bApan be seen

Brojections 673 improve
in FIG Whéas thejRegnoRis rachtiewisg loheigind the Dt dones 47 4impiayecheatly and
hori ce in th tion.where the nolds. number is high, .
rorto T RV AR LS agan anc thebivc 2
in the ciguftibnentiehirgascsuis presseidnatellyes Setion 67¢ positioned in the vicinity

<EFFERF eSS B YHey BidRere the water temperature is high. <EIGHTH
EMBODIMENT> In a heat transfer pipe 68 used in the eighth embodiment

ACLPIGIE 1A thrpregnpibsstionsthedal ansipgoriided imeahirderdpastiG@dstedtin the
above dXRGLHRAS are not provided in the bent parts B 1 - B7. Providing

projections on the inner surface of the bent parts B 1 - B7 avoids

[

STRbINEN B3 BITRE 9 RFiSs B Rea thav iR heigiet #ikof 0.8 - 2.0 mm

is provideaui efeaso bl pa-defernatians-irealis, '\FHHiH?FEAHfﬁm‘E‘éH 09 WErion where the
ending work process. <NINTH EMBODIMENT> FIG. 19 (a) is a plan

ReynolgratyBPer e Pane/IBHRSE (it itid Theith thARboRAh drierabid 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 flow zone, the coefficient of heat
transfer due to the projections provided inside the pipe improves, the impact of the projections on
the pressure loss inside the pipe is suppressed, and the performance of the overall heat transfer
pipe improves. It is particularly preferable that the height of the projections is within ihe range of
0.9 - 1.2 mm. In addition, it is preferable that the outer diameter of the heat transfer pipe is 8 ~
14 mm (inner diameter 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 [aminar flow zone and the transition from the laminar flow zone to the turbulent
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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 S | in a bent

part C - C. -19 <TENTH EMBODIMENT> In a heat transfer pipe 70 usec_j

in the tenth embodiment as shown in FIG. 20, projections are not used in

region between an.outer surface 71 and a refrigerant pipe 72 of
o 2 e PR A5, B R Bolaeln e oo B
improvgsy the poneihgfthiereegivms arothedwiicte thesrefidethappipss Fdbisressed, and the
n.th t r%refr! rant pipe 72 and the heat .

P et A e R IRy RSRAAIE Rl e et
roughngestdadih g fitke etfeieetionthis withisfehotangaoff6rhlthd.isfrigerant pipe 72.

ThRrehonen PRI @Qﬂ@i?ﬁgﬁgl%ryiﬁeiﬂs@?ir{ Gon Whsl @reotj[;%f;{i gt heater,
_pipe 72 is not wound around can prevent a reduction in the efféct of
whereip g plgsaliPh esiessionteashiberaheisiid 2isO8 EVENTHS provided on the inner

surfacdIVBEIAMENSRITKS BkHaNisiRR 8PN PiANRA AN G RIREEO K id

inthﬁ eleventh embodiment, and” FIG 21 (b) is a cross sectional view

flowing fpdheARREO O3S B s vty Brescosifigisninef beat iansderdun oIGerdeytions

providatojeRtions Sib3 Rashhavingal h@éghﬁ)ﬁ&?ff#fg gl}aj?ﬁﬁ%ﬂ By iﬂﬁ%&%&ﬂ?ﬂ)‘(ss
i i Xial dlreC
o QEHAEISRAN et o b e i L hepe sxeldtecion

It is pastinpiantimatélyab10 thunths Eagﬁafﬁafofddﬁomvm{ﬂi%m %ﬁg@%ﬁi 0% 1012 mm.
t esent inventian, the following effects are qbtained, as discussed in
A R R DAL B b eatr

whereihayihgadityeif btoitLtafB.8ach. Oriose lisighoMitledon atdeasinaciRarkad Wameter D

. [ f.a portion posjtioned .in a section where the Reynolds, )

s o S B RN W MRl wicn

water, whiggh il theflow fRexing idghuintodns dction Bhisichy wiheceddie oo Msid@ransfer
IPE.iS.i inar: nd the transition fram the laminar

e o e e ebutont T e e A R Pl angre

pressutgloy5rBjaide Ghrmpe viceumresers thedgisepirfprovess thithmpeat bihthae transfer pipe

improv@gpi@giﬁ’aﬁﬁ&ﬂ‘aﬂ?%Q@%ﬁa‘ﬂ%%%é%i%ﬁ)&&ﬁﬁé&%ﬁHﬁi%ﬁge ?rrggi:g‘t]%ns is

... performance of the overall heat transter pipe improves. It Is particularly
within B@f@?&ﬁl@fﬁ& th® hight of the projections is within the range of 0.9 - 1.2

R finRdidiendtis pafemblediatihes we.diemstes of 108 HRALUBRRIE Hf the
first in\%g‘goig t%:t}udéml% it?unr?hr g@e@‘%&r \%I]Sréirll %hgnfr_‘rl]g{w speed of the fluid flowing in the
interior is 0.1 — 0.6 m/s, Further, if the flow speed of the fluid inside the pipe is less than 0.1 m/s,
then the coefficient of heat transfer of the heat transfer pipe is extremely low. However, if the
flow speed of the fluid inside the pipe exceeds 0.6 m/s, then the friction factor inside the pipe
increases, and the pressure loss inside the pipe increases. Accordingly, the range of the flow
speed of the fluid flowing in the interior is set to 0.1 — 0.6 m/s. As a result, the coefficient of heat
transfer due to the projections provided inside the pipe improves, and the impact of the
projections on the pressure loss inside the pipe is suppressed, thereby improving the performance
of the entire hot water heat transfer pipe.

The sixth invention is a hot water heat transfer pipe as recited in any one invention of the

first invention through the fourth invention, wherein the cross sectional shape at an arbitrary

height of each projection is a smooth curve like a circle, an ellipse, or an approximate circle.



In the second invention, a plurality of projections each whose height Hl 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

ineyis.i inar flow. zone.and.the transition from the laminar flow, .
B S The BT A At Pt o
smoothiarpedjeutienss theasdediosids wmapipe vopiaseantbesmppasted togpared with
ectiiiesli |0SS4iRSI e is suppressed, apd the . .. .
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the pipp is faippresgdathrre b impe viogghn eed HBDE of the prije bionsHssivitiipe.

e ARORH Odet wh R ER thitghinvention g%eema\@g%{%%s@%ysg{mm

a heat exchanger of a hot water heater, wherein a p ty of projections
transfeppipg Ao digHbHIng Brerntop of hadiptowaadiontielghtie Surficenaigion,
whereiR@H %}E&ﬁw H@B@Bﬁp‘#ﬁ@éﬂtﬁl(ﬁfs@@ﬂ&%dgﬁt@o\‘i@ Gh w8k SR A8 outter

fluid fo% in the interior, flows. As a result, the coefficient of heat
out of ’ﬁgf dtgl‘fﬁ"é‘projections provided inside the pipe is improved, and

tifatiepagkaf ihe (INOe oM S o8 BIE S IRRS pisita b 8 AiRGIS fer pipe and,
roving.the performance of the entire heat transfer

P SUppress d,.thereby im % | .ent
or exaffg . e RS RCUFRFTy RISt thlehrtd 1eloht of ohppejesorrTassitin
projectihesrangeosfd@®in hudinrsecton fowrhinvertionsis dReatEARNREMIAS will

used in a heat exchanger of.a hot water heater, wherein a plurality of i
promo o it CEIPIE G 75 56 Yo dhe PR B oy

~ projectrons eac W
projectionevitidry osithe mmestbrifacéntha gotitarppsisisiesid idhe iy @8 Auid

et id.inlet . ich ter, which is the fluid flowing in the interior, flows.
outle ,%gé%%, t{%ﬁe?)%%[)%lﬁcﬁe _o"f‘% uid 1%}11%

ere cient of heat trafisfer due to the projections provided
iAsiRieigh@ pipentaprevesotatienpeatitointifer pipfertimoitahiitayaresietion of
he firslQSSJRS IRE 'y e performance of the overa
e R Sl on
the height g sa{HaDYGPthE Hropsstiondisinithinthesrange of 0.11 - 0.15. The
fK&Bng%@'@%}&ﬁdﬁ%‘é@ﬁfeﬁ%ﬂtﬂ @ﬂ?@ RS ATIESSd To@vnﬁ%lllﬁ iﬂ%: Jumber

invention of the first invention through the fourth invention, whe

zone, thelarge BEACSHORS SRITHSIIATR hihciimnoy saent inohe eaaffiFerthet hifithemsfer

than thHQWasPaeftaldhe ﬂu&ﬂﬁ'ﬂg@,tﬁ%ﬂmﬁéﬁﬁ% g}ﬁﬂe%?oﬁl!ﬁoﬁ?@&fﬂ@hase height is
coefficient of heat transfer of the heat transfer pipe is extremely low.
R i,

Pentind S180Y EpELY BPispieriHarIe etha s samstis ofsenMowever, in

the highhReythedlieliabetaning, ipridedhen ARG NGRS, RIS G RS Sontribute
to th .nside the ig incregses. Accordingly, the range of the flow speed of the
o the YAl 1 SR AFiSP (& CETL PR il diaelsrchn el Reummbderene

the heapfriaester 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.

The ninth invention is a hot water heat transfer pipe as recited in any one invention of the
first invention through the fourth invention, wherein the plurality of projections is provided
parallel to the pipe axial direction.

Providing projections in the pipe axial direction enables the promotion of heat transfer to
be made continuously. In addition, because the fluid flows linearly in the pipe axial direction, the
additional pressure loss is small, thereby improving the performance of the entire heat transfer

pipe.
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transfer due to the projections provided inside the pipe improves, and the

impact of the projections on the pressure loss inside the pipe is

suppressed, thereby improving the performance of the entire hot water

heat transfer pipe. The sixth invention is a hot water heat transfer pipe as

recited in any one invention of the first invention through the fourth

[ ian,.wherein the cross sectignal shape at an arbitrary height of each

T B B R SRR Sk P A e o of he
first ingprslion-thtowahrthe fobebausanthe, ovberetirumflratitipbfpréaegtioithehelically
pyojections are formed with a smooth curved surface, the generation of
separation vortices can be suppressed compared with projections that
drelicaliterapylingdsadoipatiotrecieneratstsof tiwaiios snohp fess wittef faédfinidde the
pipe, PG IE MRS BPIRS S AP IRIOUBR N KRAIPIIIANGS OBy

entire heat transfer pipe. The hot water heat transter pipe according to the
transfeg gGEfRIAMARFENtIoN is a hot water heat transfer pipe as recited in any one

invertiorahthedirstmvaniiandieoush thedauiinyentiana where)

ecle . ! . . @et eation of
projections are not provided in a section positioned in the vicinity of a flul

the firshifkePtRR Grsi MO HAGIREON tHasteim desr aluralisy afemirgtionsigrpaevided
so thattiheyflutiel piidatpagpekiie hnaldranstae RIBR BREbAoh XRME s Id S
water, then there is a risk of scaling of the pipe inner surface. If
projections are provided in such a section, then there are cases where the
(RajertiopsrojiciyonettacaingoACeaidinghppoeNEIiS RiRAMBSSEIRN direction
re ducegk}geu&age of K i[i)e not provided.wit Ero'eqtions, e.g., by using a smooth
B3 e AR T B VR kP B T e e G R g the
fluid, aedrfpeheturepodthetiuictkis highfef berfighihdayvention is a hot water heat
transfer pipe as recited in any one invention of the first invention through,
e o gentEo 15 Mo et Bl (T P i A R o et SRa Yo of
the firshigyemtidinohecgh trojeotitniisdations avber¢hetirnaris wfagétcAmangdheat transfer
pipe inREPIRSHRAS PYQYiEd An.iS BIREARNGTAUTgCe In fhe low Reynolds number
zone, the large projections contribute more fo the improvement in the
critid g plivedtthaniedrP wizthepeosreiding o dutibers. trosfardiiiglynner diameter D
to 0.5 POVIRENSIGR 3,BIRERIPIRHIANS KRR ?Wé?eﬁi&% {Re %{?r%%esr Egiﬁ]etgt%ssure
depth of grooves in a grooved pipe improves the heat transfer effect.
loss, thaisieprainadheigeriREyAMaS Himeire baet rotfoesishal dnmrticaladye

preferp@ightef tha-RISISCHRNT GeMR YR H® RHIRAUEMSRL iﬂgﬁ? o ¢hE Hé%ite&%nsfer

. . of heat transfer. Accordingly, in the high Reynolds zone, the heat transfer
pipe inger iamaiseddp hé nédl-transfer pipe is further improved by the usage of

thiae gidexachRiRRNUGETEI BT MRvashsRalaWEs thRR 10ebRIgNh AhiN6he invention

rojections are formed qn the, . )
of the Brstjmventlon ﬂlrougrl?ﬁle ourth invention, wherein small projections each whose height

provid

H2 is less than 0.8 mm are provided between the plurality of projections.

In the low Reynolds number zone, the large projections contribute more to the
improvement in the coefficient of heat transfer than the small projections, and, in the high
Reynolds number zone, the small projections contribute more to the improvement in the
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
transfer 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.



inner surface. The ninth invention is a hot water heat transfer pipe as
recited in any one invention of the first invention through the fourth
invention, wherein the plurality of projections is provided parallel to the
pipe axial direction. Providing projections in the pipe axial direction
enables the promotion of heat transfer to be made continuously. In

ition..b e the fluid flows linearly.in the pipe axial direction, the . .
e 4 B Y RS S R EeH L P vention
of the fingt Brvirsipediroegister foipth HR2The tevdttréive fliosuisaddgianater freaided with
projecﬁB%@%fﬁrsQiBﬁ a8 ﬁgg;%grﬂc%w%qf%\gﬁ%ﬁg{é 1of the first invention through

the fourth invention, wherein the p pr%f)éeétions is helically

proviRtdsfepreIREafaraviansd B pesjprstitdesdgeite prtgetoe mingiinizhetlow
variati & m@h@%&%&%@ﬁl%apmﬁrsfé}%ﬁgﬁﬁﬁée&f%é?ﬁgmb%f}mgrg%%%ﬁ%& er

fluid, thereby further increasing the heat transfer performance.
perforngaBgenth invention is a hot water heat transfer pipe as recited in any one

Mgt sth theffshiRvVERBORHMHANHhEfRHFB VORI VBV RIRMIR ention of
lurality of projections is provided so that they are paired at opposing
the ﬁ"SEHb‘fﬁB‘ﬁ%“i ﬁgfﬂﬁ%ﬁ’i%f%thfWﬁ%fQ%Wlﬂé%%ﬁJﬁ%@ﬂP?&/@nﬁged by the

applicapi@jedtions Sothaid e oM RASMARROSINGRASIANEH 18 fadial in a bent
direction reduces the cross sectional area in the vicinity of the projections,
promotes the mixing of the fluid, and further improves the heat transfer

gétherprajecdoilwedieetfibdionantiamis autfat waterdeat Hmf'pﬂi'@%ﬁﬁle
recited in an nv(}:)ari(%inve tion of t%e first inve%'gion through the fourth

applicalch Sfish i AP (B SN BQHSHANDiSe PR toward

orpe. then it is o
AVention, wherein the rato of a
the insidieanfaterdipobthidgpiomatitydiqerojentipnsding b tiHinSetiag the tatadwef the

- Dt jections to.the heat transfer pipe inner diameter D. to 0.5
st ) SR g L essre
loss exjatshe Preksuparionss tnsrebyvinbegringuid geeifothedineerghinclbatiferocHt

ectifRsherdi i icul rable to set the ratjo of the projection
oS A R B e Bl SRS R
pressurgylosg inAhg beakpgitrvalrinsieareritioheas b hdtitate thedmntiamsferbipeass creates a

large dEGSHERALHh ANYHORBAOMRNURR U hR HREINYeRton Ao %%RH{%%S]P lflgslhp[%aviy]hich

invention, wherein small projections each whose heig sle
creates g gisk pf reabpgcto sefnbadikeniregiipatbp projeejseione provided in the linear part,

and projections are not provided in the bent part.

The sixteenth invention is a hot water heat transfer pipe as recited in any one invention of
the first invention through the fourth invention, wherein the projections are formed by the
application of force from the exterior, and are not formed in a section that intersects the bent
surface in the bent part.

In the bent part of the heat transfer pipe, the amount of deformation is greatest in the
portion where the bent surface intersects. Therefore, in the bent part of the heat transfer pipe,
projections are not provided in the section where the bent surface intersects. For example, if the
heat transfer pipe is bent at a horizontal surface, then projections are not provided at the section
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

Y



In the low Reynolds number zone, the large projections contribute more to
the improvement in the coefficient of heat transfer than the small
projections, and, in the high Reynolds number zone, the small projections
contribute more to the improvement in the coefficient of heat transfer than
the large projections. Accordingly, providing small projections (small

. .prajections) between the large projections achieves nergistic effect in
e ey BB b £V BTG e contact h
secondihsprossaditn piesection where the Reynolds number is low, and the heat
aReie ReHRITIANGE QUSIRENTIA RRISSHAR R IMBIONCE I Ner curface
_ section where'the Reynolds number is high, thereby improv gﬁ1e ’
and indgaHbianaecotstrarirddmmat exdhaoer supBee the dapmdangioithereitm where
the profe QiliY HAIBHRGRLI ARSIGIP A" @?&%@ti&ﬁ%e%%@?%ﬁ%@ o —
invention through the fourth invention, wherein a flat surface ﬂjart not

with thg seepicthaatirassste sl dnesibes wardseifindenjatforscats forsiedanttanofiser
surface)B8n TReceinte ool AdlahsuineRe PAR Al PRV deshWitb.PIRIsSiopS..

maximizes the, variation in the shape of the heat transfer pipe inner

worsens, thsrebyirriutie s rrhyanstsr eirgiSopdhrrasand eatiensfernipe. Therefore,
by not r6eRIIAE psofebiObryatah b eak5ARIIEs TAREVARH BRI dA AAOREURERERNt is

.. Of the first inventign through_the fourth invention, wherein the projections
possiblg i BIaVED) P HEUSHTHELRIERPGY RotEEHETHRA G BT s & hoR g er
pipe. linear part, and are not formed in a bent part. If the projections are formed
on the inner surface of the heat transfer pipe by the application of an
external force, then it 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
projections are further provided on the inner surface of the bent part, there
is a risk that the pressure loss in the bent part will increase further. In
addition, the bending work process creates a large deformation in the
concave region of the outer surface of the heat transfer pipe, which
creates a risk of breakages, and the like. Therefore, the projections are
provided in the linear part, and projections are not provided in the bent
part. The sixteenth invention is a hot water heat transfer pipe as recited in
any one invention of the first invention through the fourth invention,
wherein the projections are formed by the



application of force from the exterior, and are not formed in a section that
intersects the bent surface in the bent part. In the bent part of the heat
transfer pipe, the amount of deformation is greatest in the portion where
the bent surface intersects. Therefore, in the bent part of the heat transfer
pipe, projections are not provided in the section where the bent surface
intersects. For example, if the he éer pipe is bent at a horizontal
surface, then projections are not ﬁ‘é%oés at the section where the
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prorectlons are formed on the inner sur ace by mdentrng the outer
A hejivrefes hegidranrsies pinsdhat axehaagsn matdidenst thies puktion shdesontactsherein

thenaaaandreatlAR LR SeEiBn P8 BrRIgCionSarg formed on the

inner surface by indenting the outer surface; an entations are

dohde rrvitlgitmidasstrnrateh barirnes wﬁwmfmmgm thsitEgiohin a section
where teRpseisatianmate fesmad anithadwegg §P§E?&%t€ﬁ8r?§ilé%@%h%ev 000.

formed gt the portion of contact with the second heat transfer pipe. In

3. A hoepalsy a&“ﬁfmﬁémawréar@kﬁ%eacw% Hfadiotstirtarckeaigeanththat

exchangentaat bermmmthﬂat iransteripipe/ieithe second heat transfer pipe
Worse St th reducr W%Eeat transfer effect from the second heat
TR P R o Yiat 6 Rt A o i s eesiagegpon the inner

enxrﬁarﬂ efithptiresepositonedirdnapsieimitpofikiSinRassibIRHR IPEMENich is the
jon.in the effe of traﬁwsferrrng heat from the second heat transfer

%A'ﬁ\ﬂ@é FRRGtWater heat transfer pipe that exchanges heat
4. A h@e@w@ehm irserfor gipel e teirior hvdterelmagplusplityon vateideienaRpGhA

exchan @élms%tao QIII E]ﬁ’l e?fo(r) a%d ex?e%@ﬂ'rlﬁv grOVIded in at least one part of
e Inner sur ace of a portion posi tidned ih & section where the Reynolds

rurhisel (R ropisdtinos teelindirssbidintdfiby is lebs tzmtiz00MhednAeh@lameter
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exterror wherein a plurality of projections e ose heig

005 Whieh Wt ¢h e e ibeefiuidiltyving itded drirdedeasiome part of the
5. TheRBEH T AER ALARIHRR RASLIARSH A SRR of Claim 1 through Claim 4,

wherein
the flow speed of the fluid flowing in the interior is 0.1 — 0.6 m/s.
6. The hot water heat transfer pipe as recited in any one claim of Claim 1 through Claim 4,
wherein
the cross sectional shape at an arbitrary height of each said projection is a smooth curve
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 ] through Claim 4,

wherein
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where the Reynolds number (Re) of a fluid flowing in said interior is less
than 7,000. 3. A hot water heat transfer pipe used in a heat exchanger of
a hot water heater and that exchanges heat between its interior and
exterior, wherein a plurality of projections each whose height (H1) is 0.8 -
2.0 mm is provided on the inner surface of a portion positioned in the

VICInIt of an inlet i h water, which;is the fluid flowing in said
Wé?% cfigwae 2 %EH%&% gﬁé}%ﬁg H@&%@%@ﬁ?’éﬂ%@f%%@fmw
oﬁad*mbinmaianffa&ter and that exchanges heat between its interior and

eri rein U.rallt jectlons ea h, Wh he (HD).i |s 0 1 -
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whereiportion positioned in the V|C|n|ty of a fluid inlet into which water, WhICh IS

gg?df h%ﬁ@ﬁ%@%x‘%c?&lg% I3 %fog c&% mpla%'ﬁllerlht%-' twate%ha gtrtérca%nsfer pipe

asr C|te ne c roug AHETEin e flow
10. Thepetwasernheat] tn@nﬂ’@wmgemmlmcbmm e elauﬁ ni/€léuThéhogivaieim 4,
whereif1€at transfer pipe as recited in any one claim of Claim 1 through Claim 4,

wherein the cross sectional shape at an arbitrary height of each said
prisladehits of sreisstiresivaelikelly preslidedn ellipse, or an approximate

11. ThEkBtBydterl NENBINVRIES; P@éé laRsienRiREAS Caledrrany P%ﬁ %H;g%lm 4,

Claim 1 through Claim 4, wherein a smooth part not provided w
whereiygiections is used in the inner surface of a portion positioned in the

wisinpeliey fhgeilabaulgihir §é"ﬂ§zﬂlﬂﬁ:§l QW:?a%'eaQ?c’b Ialﬁo@ﬁ%s in

transfer pipe as recited in any one claim of C through
dAdil 9E°5bove having a depth shallower than the height (HI) of

12. Theachsaic heajeeiitieipipemencRRiSAiGNNBAE S14AGE. Qailne MRt WAElaim 4,
wherein .heat transfer pipe as recited in any one claim of Claim 1 through Claim 4,

fWherein said plurality of projections is provided parallel to the pipe axial

directionofl0pidhe(Potowiriénte didnensi€Dppesad eietyiofay;enReiain.s —
%Claim 1 through Claim 4, wherein

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

wherein
small projections each whose height (H2) 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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said plurality of projections is helically provided. 11. The hot water heat
transfer pipe as recited in any one claim of Claim 1 through Claim 4,
wherein said plurality of projections is provided so that they are paired at
opposing positions in the radial direction. 12. The hot water heat transfer
pipe as recited in any one claim of Claim | through Claim 4, wherein the
ratio of a pitch (P) to the inner diarneter_fg;) of said plurality of projections
& 5epnd beal Fanter ipsiatdisPRest b FRfer R ideneusheens) fid thtim

ek Haiged Hhwowah Glainufd; wherein small projections each whose height
(H2) is less than 0.8 mm are provided between said é)lurality of

SRUeEaOnS P4 RS TR R AP HE S AHLSE PSS €M cited in any one
slaipofdctaing dréfiough 6lakii4nnethreibebyeRIRARRPEREPIHeR e, and are
\@/ith sgid ol:ections ex(%sts 0 said.innﬁ\r surface. 15, The hg%vater heat .

RS A IS09B QUSRS PR OB b AR A GRPE e st pipe.
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 |
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 -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 formed at a location outside of the
portion that contacts said second heat transfer pipe.



-28 ABSTRACT The present invention relates to a hot water heat transfer
pipe that exchanges heat between its interior and exterior. A plurality of
projections, each whose height (HI) is in the range of 0.8 - 2.0 mm or 0.1 -
0.25 times the inner diameter (D), is provided in at least one part of the
inner surface of a portion of the hgat tansfer pipe positioned in a section
where the Reynolds number (Re) of the fluid flowing in the interior is less
thalf PO A enfion nelatatiaa sioh pratehsetranties pisathraaxebanges heat
betweRRTOMBNRGEaHY N8aUE. ReNAILS %‘ﬂ?lgfgcﬁ%@, IBIMRIRE Hei BNAIENG is in the

range %rfe&%tg%l(}o{%?nig?i&? E~h()e. SI%Gmigsst}q;%Lher diameter (D), is provided in at least one part
of the inner surface of a portion of the heat transfer pipe positioned in a section where the
Reynolds number (Re) of the fluid flowing in the interior is less than 7,000. As a result, with a
simple structure, the heat transfer performance in the low Reynolds number zone is improved,

and the pressure loss inside the pipe is small.



