6 August 2004 * 1 Specification *ACTI ON* HEAT TRANSFER TUBE
W TH IW@T@H@%@,%\?\IENETH@ AND DEVI CE FOR MANUFACTURI NG THE TUBE 6
TECHNI CAL u\\ﬂ \msent i nvention relates to a structure of6 August 2004
heat - transﬂmmMﬂmmMm i nternal grooves having grooves 10 in an inner
surface of a pipgidody. BACKGROUND ART A heat-transfer pipe in a heat
exchanger such as an evaporator, a condenser or the |like for an air 16
conditioner is conventionally provided with spiral grooves in an inner
surface of i ma viewpoint of inprovement in its heat transfer
efficiency”wmml“mmmmmm Japanese Pat écifﬁfg Publ i cati on No. Hei

9- 42881 so th@£ﬂﬂwheat-transfer area Is enlarged and an agitation 20

effect is inproved by allowing a refrigerant flowing in the pipe to
annularly flow In the case of a heat-transfer pipe in this constitution,

however, liquid fil mggey RRNS%E bk O THRN AL Biplcsskyggneral Iy in the

pi pe mhen a condensatlon action procee S to sone extent and the
thickness graduallyh GRS WGP BEVICE FOR MANURACTURING THE TUBE
6

TECHNICAL FIELD
The present invention relates to a structure of
a heat-transfer pipe with internal grooves having grooves

10 in an inner surface of a pipe body.

BACKGROUND ART
| A heat—traﬂsfer pipe in a heat exéhanger suéh as
an evaporator, a condenser or the 1like for an air
16 conditioner is conventionally provided with spiral grooves
in an inner surface of the pipe from a viewpoint of
'imprgygmgnt in its heat _transfer efficiency as-* shoﬁn in
Japanese Patent Laid-Open Publication No. Hei 9-42881 so
that a heat-traﬁsfer area is enlafged and an agitation
20  effect is improved by allowing a refrigerant flowing in thé
pipe to annularly flow.
In the case of a heat—tréﬁsfer pipe in this
constitution, however, liquid film portions are uniformly
distributed generally in the pipe when a condensation action

25 proceeds to some extent and the thickness gradually



-2 increases. Consequently, heat resistance and diffusion resistance

i fcrease and thereby a heat-transfer performance is deteriorated. In qgrder
to'addfess this problem there is a 5 proposal that the i nner 5 &YFELE4 of
the pipe is divided into a plurality of areas in the circunferenti al
direction, each having a plurality of rows of grooves arranged in V-shaped
patterns, for exanple, which are symmetriz-with respect to the direction
of a pipe axis and have equal widths in the 10 circunferential direction,
for exanple, as shown in Japanese Patent Laid-Open Publication No. He
9-42880. In the case of this constitution, the distribution of the
refrigerant finewieagebn t hEopepauertihe heiafe resistAngentns difEefiom can
be made ununiform because 15 of flow nmerging and dividing actions by the
plurality of nesdstgpesyviBchersmorrd i haretyafedgsdttteons IproPRIEATTARERe

i nner surface of the pipe which are symmetric with respect to the pipe
axis directidf ge§eragsa al widths in the circunferential direction as"
conpared with the 20 aforenentioned heat-transfer gipe having the,%PiraI
grooves. Since high heaf®t PEASFerto%f3¢MiasTeyth%s aBRPRYY | FR&FRadS where
the liquid refrigerant becomes ,a thin filmas a resuylt, ., the heat transfer
ef ficienty aPTORSSELITERBE ERRLPRSH | B face PﬁbF@@eEFPQSlﬁoaéVég?éiﬁnF%e

case of the %P%ﬁ%&% %%&Ig%dareas in the circumferential direction, each

having a plurality of rows of grooves arranged in V-shaped
patterns, for example; which are symmetric with respect to
the direction of a pipe axis and have equal widths in the

10 circumferential direction, for example, as shown in Japanese
Patent Laid-Open Publication No. Hei 9-42880.

- In the <©case " of - this constitution, - the
distribution of fhe refrigeraﬁt flowing in the pipe in the
pipe circumferential direction can be made ununiform because

15 of flow merging and dividing actions by the plurality of the
grooves arranged in V-shaped patterns provided in the inner
surface of the pipe which are symmetric with respect to the
pipe axis direction and have equal widths in the
circumferential  direction  as qompared with  the

20 aforementioned heat-transfer pipe having the spiral grooves.
Since high heat transfer efficiency is achieved in areas
where the liquid refrigerant becomes a thin film as a result,
the heat transfer efficiency at the time of condensation is
improved.

25 However, in the case of the above-described



6 August 2004 -3 heat-transfer pipe having grooves arranged in V-shaped
patterns in the inner surface of the pipe which are symetric with respect
to'the pipe axis direction and have equal widths in the circusfiagentocal
direction, 6 1. Since refrigerant flows are collided and nerged due to the
grooves arranged in V-shaped patterns, flow resistance is high. For
exanple, in the case where this heat-trafsfer pipe is used as an
evaporator or the like, sufficient inprovenent of the heat transfer
performance, 10 which is affected by a great pressure |oss, can not

eas where a refrigerant flow_ ra | ow
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expectedgi n  SOMe use ar gif. Do ORURE, O s TIWENEL Y 23 ARaCREESEAO!
the present invention is to provide

due to the grooves arranged in V-shaped patterns, flow
resistance is high. For example, in the case where this
heat-transfer pipe is used as an evaporator or the 1like,
sufficient improvemeht of the heat transfer performance,
10 which 1is affected by a great pressure loss, can not
necessarily be obtained.
2._‘ : 5 In areas Where a refrigerant flow rate "is low
(areas having liftle. refrigerant circuiation), theré is .’
little effect even though the refrigerant distribution is
16 made ununiform by the grooves arranged in V-shaped patterns.
In the case where the heat-transfer pipe is used as an
evaporator, in particular, a heat transfer performance
enhancing effect cannot be obtained since a sufficient
liquid .reffigerant . cannot be supplied in the pipe
20 circumferential direction due to the Qroove structure. That
is, improvement of the performance cannot be expected in

Some use areas.

DISCLOSURE OF THE INVENTION

25 An object of the present invention is to provide



6 August 2004 -4 a heat-transfer pipe with internal grooves having a heat
transfer performance i nproved as nmuch as possible by reducing a pressure
| ods and appropriately controlling refrigerant flows in the pipeigtsd 260
even- when a refrigerant 5 flowrate is low, and a manufacturing nethod
thereof as well as a manufacturing device, by which the above-described
probl ens can be solved. In order to achie¥e the above object, each aspect
of the present invention has the follow ng neans for 10 solving the
problens. (1) First aspect of the invention In a heat-transfer' pipe with

I nt er nal groove ccordi to,the first, aspect of the present invention,
a. plurality?o e,ag- r?ﬁsg‘:?]onéEea?”rl& éﬂltlel’fn@’&st%p?gaeﬁattﬁ‘f’rﬁg 3afeat

symetric wt I ect to a pipe axis d|r |on ar rovi ded qn.an inner
surface 2 of Tj‘genoodﬂfrfe? aﬁﬂewl b]f‘?lﬁo‘(ﬁ “lﬁ}gl Ay A°S €of “the .
grooves 3 arran I n the Mhsha attern are nade pn qual .i.n 1 :
ci rcunferentisf ]fgﬁtlonpr?ﬁﬁg emh% °% hé uPBRPFPY oF ?%%5 %ﬁnﬁﬁé} gF'Soves

20 3 arrangedrlflrl\/ eskgell,&e(h atterns, are. I‘OVI dgd si de si de ef’%t r%%%qual

widths in the CItc erentlgF ar'r ?lB conﬁ%ﬁgﬁﬂvé?lfofie

S0 1109 1 epELOT A genglat el é%%\fﬁéthgﬁﬁgnl}n#%ﬁ% thagedhals g,&r 1o

refri ger ant an ununi 1t orm manne axl s

whi | e as a manufacturing device, by which the above—descrlbed

problems can be solved.
-In order to achieve the above object, each
aspect of the present invention has the following means for
10 solving the problems.
(I) First aspect of the invention
In a heat—tfaﬁsfer'pipe with internal grooves
according to the first éspeét of the present invention, a.
plurality of rows of grooves arranged in V-shaped patterns 3
16 symmetric with respect to a pipe axis direction are provided
on an inner surface 2 of a pipe body la; and widths of the
plufality of rows of the grooves 3 arranged in the V-shaped
patterns are made unequal in a.circumferential direction.
Thus, when the plurality of rows of the grooves
20 3 arranged in V-shaped patterns are provided side by side
with wunequal widths in the circumferential direction, a
component of force in the swirling direction are generated
in a refrigerant liquid so that the refrigerant liquid flows
in an ununiform manner in the pipe axis direction while

25 repeatedly merging and dividing at edges of respective



25 repeatedly nerging and dividing at edges of respective 6 August 2004 -5
grooves 3 arranged in the V-shaped patterns. Consequently,. an annul ar
flow close to the one obtained by conbination of spiral groovésiugan20dd
obtai ned. Further, an agitation effect is achieved and thereby a heat
transfer performance 6 is inproved. (I1)_Second aspect of the invention In
the heat-transfer pipe with internal grdb@és according to the second
aspect of the present invention, secondary grooves 6 having a prescribed
depth are fornmed 10 froma top 5a side towards a base 5b side at |least in

t f ' i t] f b en_res tive grooves 3 f
Phe pl i ali y e qfiihded Ao 9 AR EReh CBRR e O Ehssamidpstier ns.
Thus, wh t SERAN 6 j jo ri bed depth.are forned
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the plurality of rows. e grooves arranged in §ha

flow resistancerft tine 48{rd Qe g i N0 1t i is further
reduced by the secondary  grooves G%Sﬁ%ggyzgég§%§ E%Ets?§§n§F€ °HEFPST mance
is effegtively impoowad even when a refrigerant flowrate is |ow

(II) Second aspect of the invention
In the heat-transfer pipe with internal grooves
according to the second aspect of the present invention,
secondary grooves 6 having a prescribed depth are formed
10 from a top 5a side towards a base 5b side at least in part
of projected portions 5 formed between respective grooves 3
of the fplur_ality of rows of the grooire's 3 arrahgéd in the V-
shaped patterns. | |
Thus, when the secondary grooves 6 having a
16 prescribed depth are formed from the top part 5a side
towaxrds the bottom part 5b side at least in part of the
projected portions 5 formed between the respective grooves 3
of the plurality of rowé-of the grooves 3 arranged in V-
-shaped 'patterns, the flow resistance of the refrigerant
20 flowing in the pipe is further reduced by the secondary
grooves 6 and thereby a heat transfer performance is
effectively improved even when a refrigerant flow rate is
low.
(ITII) Third aspect of the invention

25 In the heat-transfer pipe with internal grooves



(II'l) Third aspect of the invention 25 In the heat-transfer pipe with
internal grooves 6 August 2004 -6 according to the third aspect of the
présent invention, the secondary grooves 6 are notched gr ooves Augusa2¢0di r al
direction. In this case, the flowresistance of the 5 refrigerant flow ng
in the pipe is effectively reduced by the secondary grooves 6 conposed of
the notched grooves in the spiral directon. Further, a swirling force is
increased in the spiral direction and thereby the heat transfer
performance is inproved. 10 (1V) Fourth aspect of the invention In the

- ' : W [ di to.-the' fourth_aspect
of the preseniCieadshy; 5. 95‘2;2%%5%{é’é’%?le%tovoéf?@{%g%fge%g ] i n
ed | f art Q roj ected_porti ons
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t he V-shaped :ns. Thus, when the secondary grooves 7 having .a
prescri bed dé%?%kg?gﬁforned In outer surfaces at least in part of the

projected portions . 5 f@ﬂneg%ggt t hg,20 Qﬁigpc&%%qsggggges?gsOE?éhe

rows of grooves arranged 1n the “'shdped pattérns, a pressure S

reduced si ncecleh¢qbbait £e8khgnNat Thel NeideLT 14 98FADLL [V AW NBodikddenpi PE
I s reduced
the secondary grooves 6 composed of the notched grooves in
the spiral direction. Further, a swirling force is
increased in the spiral direction and thereby the heat
transfer performance is improved.
10 (IV) Fourth aspect of the invention

In the heat-transfer pipe with internal grooves
achrding to “the  fourth ~aspect of the: pr'esen.t. .invention,
sécondary gfoovés 7 having a prescribed depth are forﬁed in
aﬁ outer surface of at least part of projected portions 5

16 formed between respective grooves 3 of the rows of grooves 3
arranged in the V-shaped patterns.

Thus, when the secondary grooves 7 having a
prescribed depth are formed in outer surfaces at least in
part of the projected portions .5 formed between the

20 respective grooves 3 of the rows of grooves arranged in the
V-shaped patterns, a pressure loss is reduced since the flow
resistance of the refrigerant flowing in the pipe is reduced
by the secondary grooves 7 and thereby a heat transfer
performance is effectively improved even when a refrigerant

26 flow rate is low.



by the secondary grooves 7 and thereby a heat transfer performance is
effectively inproved even when a refrigerant 25 flowrate is low. 6 August
2004 -7 (V) Fifth aspect of the invention In the heat - t r ansf ei6 Aviggpe2004t h
internal grooves according to the fifth aspect’ of the present invention,
the secondary grooves 7 are fine grooves extending fromone side 6 surface
of the projected portions 5 to the other 5tde surface thereof. The flow
resi stance of the refrigerant flowing in the pipe is effectively reduced
by the secondary grooves 7 conposed of fine grooves extending from one

side surface t e_other si syrface of the projected portions 5 in
this case, égtﬁggggo?gp?ﬂ% S ARNEPELODerformance is i nproved. Al so,

even when the pi pe is ex d, h side of, the fine grooves are not
crushed and thereby the ﬁ Eﬁ tpﬁﬁ TEﬁaﬁﬁﬁaﬁnﬂﬁgﬁc@”tPs *Ial e OrEPYEEd.. 15
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surface thereof.
The flow resistance of the refrigerant flowing
in the pipe is effectively reduced by the secondary grooves
7 composed of fine grooves extending from one side surface
10 to the other side surface of the projected portions 5 in
this case, and therefore the heat transfer performance is
'improved Also, even when the pJ.pe is expanded both sides
of the fine grooves are not crushed and thereby the heat- -
transfer performance 'is not deteriorated.
15 (VI) Sixth aspect of the invention
In a method for manufacturing- a heat-transfer
pipe with internal grooves according to the sixth aspect of
the present invention, a first marking roll 11 for marking a
plurality of rows ’of grooves 3 arranged in V-shaped patterns
20 in a flat plate-like heat-transfer pipe material 13, a
second marking roll 12 for marking secondary grooves 7 at
least in part of projected portions 5 formed between
respective grooves 3 of the plurality of rows of the grooves

3 arranged in the V-shaped patterns and a roll forming

25 device 17 for forming the flat plate-like heat-transfer pipe



| east in part of projected portions 5 formed between respective grooves 3
of the plurality of rows of the grooves 3 arranged in the V-shaped
patterns and a roll form ng 25 device 17 for form ng the fl at ghmbhe200ke
heat -transfer pipe 6 August 2004 -8 material 13 into a cylindrical pipe
are used to continuously mark the plurality of rows of the grooves 3
arranged in the V-shaped patterns and the secondary grooves 7.-in the flat
pl ate-1i ke heat-transfer pipe material 13 successively by 5 the first and
second mar ki ng roIIs 11, 12 and then forma cylindrical pipe by roll
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ar oovess accand) g At L SENRRD RSRACh Ir%futshqlpreﬁzepénawf?&'gg a,first

marking roll. 11 for 20 nmarking a plu ty of Tdws o rooves arranged
in V- cylindrical pipe by roll forming by the roll forming device

17.
In this method of manufacturing a heat-transfer
pipe with internal grooves, the heat-transfer pipe with
10 internal grooves having the constitutions of the first,
fourth and fifth aspects éan be easily manufactured only 5y
'combiniﬂg.th_e above-déscribed first and second marki,ng r'olls.
11., 12 in the direction of the mov.eme-ntlof the flat plate- .-
like heat-transfer pipe material 13 to perform continuous
16 "markings successively in two stagés.
(VII) Seventh aspect of the invention
In a device for manufacturing a heat-transfer
pipe with internal grooves according to the seventh aspect
of the present invention, a first _mairking roll 11 for
20 marking a plurality of rows .of grooves 3 arranged in V-
shaped patterns in a flat plate-like heat-transfer pipé
material 13, a second marking roll 12 for marking secondary
grooves 7 at least in part of projected portions 5 formed:
between respective grooves 3 of the plurality of rows of the

25 grooves 3 arranged in V-shaped patterns and a roll forming



shaped patterns in a flat plate-like heat-transfer pipe material 13, a
second marking roll 12 for marking secondary grooves 7. at least in part
of projected portions. 5 formed between respective grooves 3 dfAughe 2004
plurality of rows of the 25 grooves 3 arranged in V-shaped patterns and a
roll formng 6 August 2004 -9 device 17 for formng the flat plate-Ilike
heat-transfer pipe material 13 into a-c¥tindrical pipe are provided
successively side by side in a direction of novenent of the flat

pl ate-1i ke heat-transfer pipe material 13 to 5 continuously mark the

3 d.inghe V- sh t th d 7
Tlccecsi vel y By Fnd " FhF CrouhPE S hen 3Rk R AGT b 1€ 0T 12 SRR oEn B or m a
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the direction of the novenent of the | at/e=""11 ke ansf er “pi pe
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the manufactdyifd@ns and the secondary grooves 7 successively by the
first and second marking rolls '11, 12 and then form a
cylindrical pipe by roll forming by the roll forming device
17.

10 By this device for manufacturing the heat-
transfer pipe with internal grooves, the heat-transfer pipe
with internal grooves having the constitutions of_ﬁhe first,
foﬁrth and fifth. aspects can be easily manufactufed.oniy by .’
combining the above-described first and second marking rolls

16 11, 12 in the direction of the movement of the flat plate-
like heat-transfer pipe material 13 to perform markings
successively in two stages.

As a result of the above, according to the heat-
transfer pipe with internal grooves and the-manufagturing

20 method thereof and the manufacturiﬁg. device according to
each aspect of the present invention, a pressure loss, heat
resistance in the heat-transfer pibe and diffusion
resistance are reduced even in the case of being constituted

as a condenser or an evaporator or even in the case where a

25 refrigerant flow rate is low when the pipe is constituted as



20 net hod thereof and the manufacturing device according to each aspect of
the present invention, a pressure |loss, heat resistance in the

héat -transfer pipe and diffusion resistance are reduced even GAngut@0@ase
of being constituted as a condenser or an evaporator or even in the case
where a 25 refrigerant flowrate is | ow when the pipe is constituted as 6
August 2004 -10 an evaporator. Cbnsequéﬁ?ly, a heat exchanger with
sufficiently high heat transfer perfornmance can be provided. BRIEF
DESCRI PTI ON OF THE DRAWNGS 6 Fig. 1 is an enlarged vieM/shomAng part of a.

t t t f f h { f i ith
Tntornal or O¥bes RBRRtg ¢ CRARREEREY o fent et tﬁgrc PRSER: " PAYENt i on:
Fig. 2 f I h f f

Ig. is a @f%lacr %%%lxlsﬁ\ivgﬂ hék el?rsa%tfle% ﬁeg?&gmcu? %e ?S(rléé‘ ace o

t he .pi pe bo Fig a“perspective vie ron of "t he
essenti al part of the i'nner surface of the pipe body, Flg. 4 is an
enl arged view showing a structure 15 of an essential part of the inner

surface of agmife JredR1PrIOR Hpabpd I RGsPi pe with internal grooves
according to a second enbodi nent of e present invention; Fig. 5is an

enl argeg perspective vi gwgof it heg ﬁﬁs%%hhébeBaQﬁew showing part of a
structure in an opened state of a pipe body of a heat-
transfer pipe with internal grooves according to a first
embodiment of the present invention;

Fig. 2 is an enlarged view of an essential part

10 of the inner surface of the pipe body;

Fig. 3 1is .a perspective view of a cut-off
section of the: es'senti_'al _part of the inner surface of. the
ipe body: S _ _ .

Fig. 4 is an enlarged view showing a structure

16 of an essential part of the inner surface of a pipe body of
a heat-transfer pipe with internal grooves according to a
second embodiment of the present invention;

Fig. 5 is an enlarged perspecti&e view of the
essential part;

20 Fig. 6 1is a perspective view of a  cut-off
section of the essential part of the inner surface of the
pipe body:

Fig. 7 is an enlarged view showing a structure
of an essential part of the inner surface of a pipe body of

25 a heat-transfer pipe with internal grooves according to a



20 Fig. 6 is a perspective view of a. cut-off section of the essenti al
part of the inner surface of the pipe body; Fig. 7 is an enlarged view
showing a structure of an essential part of the inner surface &fgud 2f0de
body of 25 a heat-transfer pipe with internal grooves according to a 6
August 2004 -11 third enbodi nent of the present .invention; Fig. 8 is an
enl arged perspective view of a cut- off-isiection of the essential part; and
Fig. 9 is a perspective view show ng manufacture 6 of a heat-transfer pipe
with internal grooves according to the third enbodi ment of the present
invention and a constitution of a manufacturing device. BEST MODE FOR
CARRYI NG OUTthrHd |epadiment o8 the serasenddilmesptipgs. 1 to 3 show a
structure of a heat-transfer pipe with internal grooves according to a

first enbodiment of th&ifreSehf phvemtaxged Ferspechivehview of B guit-1 to 3
for exanple, in 15 the heat-transfer pipe 1-with internal grooves
accordi ng t o°ff nFecteiodifihe, essertial Mttt hagtoups A - E of a plurality
of rows of grooves is provided on an inner surface 2 of a pipe body la
having an electric wel déd9i Pelst #UBRTFRECTIMPoTd eyr SHPYLIBF BRYBRAK Udice

conprised of grooves 3 which are
P % og a %eat-trans%%r pipe with internal grooves according to

the third embodiment of the present invention and a

constitution of a manufacturing device.

BEST MODE FOR CARRYING QUT THE INVENTION
10 First Embodiment
- Figs. 1 to 3 show a structure of a heat-transfer
pipe'with'internal grooves according to a first embodimént
6f thé preéent.inventidn. o
First, as shown in Figs. 1 to 3 for example, in
15 the heat-transfer pipe 1 with internal grooves according to
this embodiment, first to fifth groups A - E of a plurality
of rows of grooves is provided on an inner surface 2 of a
pipe body 1a having an electric welded pipe structure.
Those groups of grooves are comprised of grooves 3 which are
20 arranged to be symmetric. with respect to a pipe axis
direction and to form relatively sharp V-shape patterns, and
which are arranged with width of the grdbves unequal to each
other in the circumferential direction and with a lead angle
® of the grooves different from each other, so as to promote

25 a turbulent flow of a refrigerant liquid flowing in the pipe



20 arranged to be symmetric. with respect to a pipe axis direction and to
formrelatively sharp V-shape patterns, and which are arranged with w dth
of- t he’ grooves unequal to each other in the circunferential di Aepiti2004 and
with a |lead angle 6 of the grooves different fromeach other, so as to
pronote 25 a turbulent flow of a refrigerant liquid flowng in the pipe 6
August 2004. -12 body la and to pronotejshe refrigerant liquid to becone a
thin fil mbecause coarse and mnute refrigerant liquid portions are
formed-by dividing and nmerging the refrigerant liquid flow. 6 In Fig. 3,
reference nuneral 5 denotes a projected portion formed between the :
respective gbodyed a3 angr rtamgerbniateV- g pesf mpatetrantts . 1 ikpficr nc doenomer ah s 5a
and 5b denote a top and a base of the projected portion, respectively. 10
Thus, since thénfifslnt defdaiisk. graups And Bnigwnpossf mfgerens oligeidves,
whi ch are arranged in V-shaped patterns and have a | ead angle e different
in next groupsrtiene previeaeedikie divisige wndhmergdogl thedrhfrigerdmt
circunferential direction, the refrigerant liquid flows 15 ununiformy in
the circunfeftéapidl fHeWection to swirl while repeatedly dividing and

mergi ng at edge portions of V-shape patterns of the respective grooves 3.
Consequént |y, the groovEs dfi%-he Pred@ferenvent nBRetah obt adenefesnmul ar

fl ow
projected portion formed between the respective grooves 3

arranged in V-shaped patterns. Reference numerals 5a and 5b
dencte a top and a Dbase of the projected portion,
respectively.

10 Thus,” since the first to fifth groups A - E
composed of ‘rows of grooves, which are arranged in V-shaped

- patterns and have.é.lead angle © different - in next:groups,-

are provided side' b; éide with .unequal widths iﬁ the
circumferentiai direction, the refrigerant 1liquid flows
15 ununiformly in the circumferential direction to swirl while
repeatedly dividing and merging at edge portions of V-shape
patterns of the respective grooves 3. Consequently, the
grooves 6f the present invention can obtain an annular fiow
close fto the oné conventionally'obtained by combination of
20 spiral grooves even though the grooves arranged in V-shaped
patterns are used. Thus, an effective agitation effect is
achieved and thereby a heat transfer performance is improved.
Respective grooves 3 in the first to fifth
groups A - E are formed with a prescribed lead angle B, a

25 prescribed depth H and a prescribed number of grooves N so



close to the one conventionally *obtained by conbination of 20 spiral
grooves even though the grooves arranged in V-shaped patterns are used.
Thus, 'an effective agitation effect is achieved and thereby & Aeait 2004
transfer performance is inproved. Respective grooves 3 in the first to
fifth groups A - E are forned with a prescribed |lead angle 9, a 25
prescri bed depth H and a prescribed nunke3- of grooves N so 6 August 2004
-13 that the flow resistance of each groove portion is made as snmall as
possi ble to reduce the pressure |loss. Therefore, even when the
heat -transfer pipe of the present invention is wused for an evaporator at a
| ow refriger Bt fFoov Fige, resstmapiesafiireadhosgrdoyer apudddnand tiaskeeldy the
heat transfer erformance is inproved. According to the results of
experi nent s SBdhbuds eBOBFLIRIR P eseAECE ntRat BESSSERR 109% r cBherefite, was
the snmallest and the pressure |loss was effectively reduced 10 when the
af or enent i onB¥ET SRS heatgEsavelee Rire ofatde ryaBERt ofnYRRIcA®s IR are
in the range of 5 - 15, 0.2 - 0.3 nmand* 45 -. 55, respectively,. in ~
the. case of "88%el®r { PRANCYRPOIHiYe Had nbo‘énr%ﬁfﬁer(ﬁ%réi%’n rgfteq) thez mm
As descri bed_above agcordin% to the 16 constitution of the heat-transfer
8ids *of ntﬁ‘iH:im?

pi pe wi Oh i nPEFTHTYyr redrsed rely dihe ohegoupengierg
conposed of ro of Arogves 3, which are arranged in V-shaped patterns and
performance 1is improved. -

According to the results of experiments
conducted by the present inventors( the flow resistance was
the smallest and the pressure'loss was effectively reduced

10 when the aforementioned lead angle 6, groove depth H, and
‘number of grooves N are in the range of 5 - 15°, 0.2 - 0.3
mm and 45 - 55, respectively, in the. case of .a heat-transfer

'pipé having an oﬁter dimension of ¢ = 7 ﬁm!
As described above, according to the
16 constitution of thé heat-transfer pipe with internal grooves
of this embodiment, widths of groups A ~ E composed of rows
of grooves 3, which are arranged in V-shaped patterns and
have a lead angle 6 different from each other, are set
unequal in the circumferential direction.iather than equal.
20 Therefore, the refrigeraﬁt in the pipe ﬁas swirling flow as
in the case of the conventional pipe with spiral grooves.
Consequently, the heat transfer promotion effect is not
deteriorated even when é refrigerant flow rate is low
because the refrigerant is effectively supplied in the

25 circumferential direction of the pipe.



have a |ead angle e different fromeach other, are set unequal in the
circunferential direction. rather than equal. 20 Therefore, the refrigerant
in the pipe has swirling flowas in the case of the conventi dnalgupi2p® with
spiral grooves. Consequently, the heat transfer pronotion effect is not
deteriorated even when a refrigerant flowrate is |low because the
refrigerant is effectively supplied in+l¥e 25 circunferential direction of
the pi pe. 6 August 2004 -14 The lead angle 8, the groove depth H and the
groove nunber N of the grooves 3 forned in the V-shaped patterns, the
first to fifth groups A - E of which are arranged in the inner surface of
the pile, are set to thdhs Vfasksapglandchthie FraVEederthow! r a8istthfice i s
obt ai ned corresponding to_the aforenentioned experinment results.
Therefore, sPHRAG hBUPEly Nedist BhRe 9€9AVERE RadeodedsndR| the pudwipsde to
reduce the pressure loss as.a result, a heat- transfer pipe for a heat
exchanger haRANEHESuf FRei &AEFy tRo hiGH paredPfmAce cBn e BBighnaede

Second Enbodi ment Fjgs. to,6 show a_'structure of_ a heat-transfer_  pipe
with internaf®igt stTe ?d?%eﬁos‘érgaé‘ceorﬂtce RIPHERt 26F PRE pPeddft

vty Sobld gl i, " SRR PSR tBubtd euglonligeres

corresponding to the aforementioned experiment results.
Therefore, since the flow resistance can be made as small as
possible to reduce the pressure loss as a resuit, a heat-
transfer pipe for a heat exchanger having a sufficiently

10 high performance can be obtained.
Second Embodiment

3 Figs. 4 to 6 show a structure of a heat—transfer

pipe with intérﬁal grooves according toua.secoﬂd embodiment
of the present invention.

16 First, in the heat—-transfer pipe 1 with internal
grooves according to this embodiment, first to fifth groups
A - E of a plurality of rows of grooves is provided on an
inner surface 2 of a pipe body la having the same electric
welded pipe strﬁcture as described above. Those grdups of

20 grooves are comprised of grooves 3 which are arranged to be
symmetric with respect to a pipe axis direction and to form
relatively sharp V-shape patterns, and'which are arranged
with width of the grooves unéqual to each other in the
circumferential direction and with a lead angle © of the

26 grooves different from each other, so as to promote a



A - Eof aplurality of rows of grooves is provided on an inner surface 2
of a pipe body |la having the sane electric welded pipe structure as
descri'bed’ above. Those groups of 20 grooves are conprised of @QAuposesos
which are arranged to be symetric with respect to a pipe axis direction
and to form relatively sharp V-shape patterns, and which are arranged
with width of the grooves unequal to eachsother in the circunferential
direction and with a | ead angle 8 of the 25 grooves different from each
other, so as to pronote a 6 August 2004 ~-15 turbulent flow of a

refrigerant liquid flowing in the pipe body la and to pronote the
refrigerant EPgopbenrte Beawnefaa rRfnlgerantbebbmsiel chrovwimarich nihruteipe
refrigerant liquid portions are formed by dividing and nmerging the

refrigerant ©gdyi dai @Al dw. RTPIHtes. tie arrfe gerendr dicetidurier de®mgermt es a
projected portion formed between the respective grooves 3 arranged in

V- shaped pat £BiRs. TIR& ePEFEESAUNER A 2 5@nEhdnbputeletmis igeraptantiaishse of

t he projected Po,rti on 5, 10 respectively. In this enbodi nent, secondary )
grooves 6 arBOTheRF RRF arfFMmatk ké)éd%‘n‘ﬂ‘é%ylggP@S‘vé@relagetbérrﬁ%éﬁg%ﬁa%tched
-groovessf(cmg%gd ooves) in. the spiral .direction with a prescribed

depth d®ro 14 o' BY towards the base 5b. Consequently, the flow

resi stance of the refrig_[er%nt i5515 rdeduced and the refrigerant is further
urged in the swirling n Figs. and 6, reference numeral 5 denotes a

projected portion formed between the respective grooves 3
arranged in V-shaped patterns. Reference numerals Sa and 5b
denote a top and a Dbase of the projected portion 5,

10 respectively. In this embodiment, secondary grooves 6 are
provided and the secondary grooves 6 are composed of notched
grooves (chipped grooves) in._the spiral directionﬁ-with a
prescribed depth d from the fop.Sé towards the base 5b. 
Consequently, the flow resistance of the refrigerant is

15 reduced and the refrigerant is further urged in the swirling
direction.

Thus, Since- the first to £fifth groups A - E
composed of rows of grooves, which are arranged in V-shaped
patterns and have a lead angle © different in next groups,

20 are provided side by side with uﬁequal widths in the
circumferential direction, the refrigerant 1liquid flows
ununiformly in the circumferential direction to swirl while
repeatedly dividing and merging at edge portions of V-shape
patterns of the respective grooves 3. Consequently, the

25 grooves of the present invention can obtain an annular flow



direction. Thus, since- the first to fifth groups A - E conposed of rows
of grooves, which are arranged in V-shaped patterns and have a | ead angle
9 different in next groups, 20 are provided side by side w th ufensaD04
widths in the circunferential direction, the refrigerant liquid flows
ununiformy in the circunferential direction to swirl while repeatedly

di viding and nerging at edge portions ofl& shape patterns of the
respective grooves 3. Consequently, the 25 grooves of the present invention
can obtain an annular flow 6 August 2004 -16 close to the one
conventional | y obtained by conmbi nation of spiral grooves even though the

grooves arrafig@ds Fov-Hkafe¢  ravedtaenal by uskaingfisby apombiretiqne of
agitation effect is achieved and therehy a heat transfer perfornmance is
i nproved. 5 ﬁ@%ﬁé&t9§8°§?%O%E%PE¢WQPQWM§Wqr%ﬁOQMﬁsf@FFﬁngﬁgo&EsVﬂﬁhaE?%re
formed with the secondary grooves 6 conposed of notched grooves (chlpped
grooves) in PREEERPFaPTEGH Gétloﬂhﬁ§'dégcﬁﬁgéﬂtﬁﬁ%véngaQ%ﬁq akfer
prescribed | ea | e rescribed depth_H and a prescribed nunber of
10 grooves a?cgﬁeYﬁg ??35?1 éHP et Etg)?EﬁrtﬂﬁffPFEﬁpc?es?s{%RE&Y%ﬁ each
groove portion is made . ossi ble tq reduce the pressure_| oss.
Ther ef ore, even when tﬁ%g?ﬁﬁﬁtﬁﬁganggg?vﬁ?p oﬂnthgh eéﬂﬁ¥P E9enfttﬁpls
used for. an.evggorator gt alow gLyl asrant OWsagéﬁdaryeg%%%sure

composed of notched grooves (chipped grooves) in the spiral

direction as described above as well as a prescribed lead

angle.e, a prescribed depth H and a prescribed number of

10 grooves as in the first embodiment, so that the flow

resistance of each groove portion 1is made as small as

poss;ble to reduce the pressure loss Therefore, even when
the heat transfer pipe of the present 1ﬁventlon is used for
an evaporator at a low refrigerant flow rate, the pressure

15 loss is reduced and thereby the heat transfer performance is
improved.

According 'to the results of experiments
conducted by the present inventors as described above, the
flow resistance was  the smallest and the pressure loss was

20 effectively reduced when the aforemehtioned lead angle 6,
groove depth H, and number of grooves N are in the range of
5 - 15°, 0.2 - 0.3 mm and 45 - 55, respectively, in the case
of a heat-transfer pipe having an outer dimension of ¢ =
mm.

25 As described above, according. to the



15 loss is reduced and thereby the heat transfer performance is inproved.
Atcording to the results of experiments conducted by the present inventors
as' descri bed above, the flow resistance was.the smallest and 6 Aegupr2084ur e
| oss was 20 effectively reduced when the aforenentioned | ead angle O,
groove depth H, and nunber of grooves N are in the range of 5 - 150, 0.2 -
0.3 mm and 45 - 55, respectively, in theltase of a heat-transfer pipe
havi ng an outer dinension of =7 mm 25 As described above, according to
the 6 August 2004 -17 constitution of the heat-transfer pipe with internal
grooves of thls enbodi ment, w dths of groups A - E conposed of rows of
grooves 3, WAPRRELFEIQY &fgdde; ReYtshEpedf Patti&eny15hdinhaveah yeryengl e e
different fromeach other, are set. 6 unequal in the circunferential
direction. TREr ERbGT SR MR (WGEERFL OfngFﬂBpi)l%e hasCERITehP T 1T Sas in
t he. case of he conventi on i pe with spiral, grooves. Consequently, the
heat transfef’tf P5RBYFBn ef % g‘&f:gl sarr‘?otar(f&n@lefior’é’t & hagisd C‘l"inlsefarngerant
flowrate is; owbec the. ref nt 10 i.s effeC|veI upplied in the
ci rcunf er ent &Y di®r e@?? naBELey ﬁ:{e gf't% er FE3H }YEE gﬁ?oo??é: dept h
H and t%e guggggéfquprtheO%lEggmgéggggﬁiﬁ Egiggglln t%%ere%org?dthe
refrigerant in the pipe has swirling flow as in the case of
the conventional pipe with spiral grooves. = Consequently,
the heat transfer promotion effect is not deteriorated even
when a refrigerant flow rate is low because the refrigerant
10 is effectively supplied in the circumferential direction of
the pipe.
' The lead angle ©, the. grob_ve depth H -and the .
groove number N of the gfooves 3 formed in the V;shaped-'
patterns, the first to fifth groups A - E of which are
16 arranged in the inner surface of the pile, are set to the
values by which the smallest flow resistance is obtained.
In addition, the secondary grooves 6 are formed in the
projected portions 5 provided between the respective grooves
3 as main grooves in V?shaped'patterns and the secondary
20 grooves 6 are notched grooves from the top 5a towards the
base 5b of the projected portions 5 and are directed in the
spiral direction. Therefore, since the-flow resistance can
be made as small as possible to reduce the pressure loss and

Swirling force in the spiral direction can be further

25 increased, a heat-transfer pipe for a heat exchanger having



patterns, the first to fifth groups A - E of which are 15 arranged in the

i hnér surface of the pile, are set to the values by which the snallest
flow resistance is obtained. In addition, the secondary grooveaugust2004
fornmed in the projected portions 5 provided between the respective grooves
3 as main grooves in V-shaped patterns and the secondary 20 grooves 6 are
not ched grooves fromthe top 5a towards-1&e base 5b of the projected
portions 5 and are directed in the spiral direction. Therefore, since the
fl ow resistance can be made as small as possible to reduce the pressure

| oss and smﬁrlin? force in the spiral direction can be further 25

i ncreased, a2h&&L1LrBhEheY pRvfermgpce frmtbexdi@iged-having 6 August 2004
-18 a still higher_perfornmance can be obtained. Third Enbodi nent .Figs. 7
to 9 show a PGt EPRogmeptheat-transfer pipe with internal grooves -
according to a third enbodinent 6 of the present invention and a
constitution of a manuf a9t g t@evi €BOENDI BV W endtthdd ek~ FadRS RS ur i ng
t he heat-transfer pipe, respectively. First, in the heat-transfer pipe 1
mﬁthinternalplBFo§5§§ é@&SFE? gIFBOYEF s2erdodintento #i ERLTE oempedingittoups
10 A - q?of a_p rows, of gr.ooves ig provi ded on an inner surface

| it f
2 of a plpe Bgdyl%:lrt%lh "?C‘)%eqthe o) Bet rFE wal dEPTSIEPELELPRICt Bfe &5

descri bed ab?n\é%uf;rgggr?ir% Oggéigg employing a method for manufacturing

the heat-transfer pipe, respectively.
First, in the heat-transfer pipe 1 with internal
grooves according to this embodiment, first to fifth groups
10 A - E of a plurality of rows of grooves is provided on an
inner surface 2 of a pipe body la having the same electric
.welded. pipe structure as described above. ~ Those groups of -
gz;ooves are coxﬁprised of gr_o.nlov-es 3 ;ﬂhich are arranged- to be
symmetric with respect to a.pipe axis direction and to form
16 relatively sharp V-shape patterns, and which are arranged
with width of the grooves unequal to each other in the
circumferential direction and with a lead angle 6 of the
grooves different from each other, so as to promote a
tqrbulént flow of a reffiger_'ant liquid f'lo,wing.in'the pipe
20 body la and to promote the refrigerant liquid to become a
thin film because coarse and minute refrigerant 1liquid
portions are formed by dividing and merging the refrigerant
liquid flow.
In Figs. 7 and 8, reference numeral 5 denotes a

25 projected portion formed between the respective grooves 3



grooves are conprised of grooves 3 which are arranged to be symetric with
respect to a pipe axis direction and to form 15 relatively sharp V-shape
patterns, and which are arranged with width of the grooves ufidggeal200é each
other in the circunferential direction and with a | ead angle 0 of the
grooves different fromeach other, so as to pronote a turbulent flow of a
refrigerant liquid flowng in the pipe-28 body la and to pronote the
refrigerant liquid to beconme a thin fil mbecause coarse and m nute
refrigerant liquid portions are fornmed by dividing and nerging the
refrigerant liquid flow In Figs. 7 and 8, reference nuneral 5 denotes a
25 proj ect eBTPBRIFHNT of PSSt MBsherRe. r Kgfeaenge FrBeveks 3% amfudt 2004
-19 arranged in V-shaped patterns. Reference nunerals 5a and 5b denote a
top and a bESBOBE the §9Poj 8BHed®pdtasonos, thesgecissdeg partier S

enbodi nent, secondar rooves 7 conposed. of fine grooves having a

prescri bed H@EPﬁCE&‘égb?'f or B it ofBRSHHECRE, arPBRERTur 950V the
projected portion 5 to the other side thereof to direct toward, for

exanpl e, thECERPFEY AT eELPBN. IHONVESqURRYIRE PhePFRRw thaski €eBRRe &® t he

refrigerant _is reduyced and the refrigerant is further_urged in, the
ovi rl i di FREFFONIZ98 PREs S10FnAE (b THY TEF HA9R Pr i sPReieEed

Conposed Ofpé%%?ongQE%O%§§g gﬁﬂé¥1§y&%6¥ﬂé¥g% éJ‘éﬁEﬁEﬁ“%%ward, for
example, the spiral direction. Consequently, the flow
resistance of the refrigerant is reduced and the refrigerant
is further urged in the swirling direction.

10 Thus, since the first to fifth groups A - E
composed of rows of grooves, which are arranged in V-shaped
patterns and have a lead angle © differentjin negt~grqups,
are providéd ‘side by side with uneqﬁal widths in the -
circumferential direction, the refrigerant 1liquid flows

16 ununiformly in the circumferential direction to swirl while
repeatedly dividing and merging at edge portions of V-shape
patterns of the respective grooves 3. Consequently, the
grooves of the present invention can obtain an annular flow
close to the qné conventiénally obtained by combination of

20 spiral grooves even though the grooves arranged in V-shaped
patterns are used. Thus, an effective agitation effect is
achieved and thereby a heat transfer performance is improved.

Respective grooves _3 in the first to fifth
groups A - E are formed with the secondary fine grooves 7

26 formed from one side of an outer surface of the projected



patterns and have a |l ead angle 6 different in next groups, are provided

si de by side with unequal widths in the circunferential direction, the
refrigerant liquid flows 15 ununiformy in the circunferenti abAdgused0don to
swi.rl while repeatedly dividing and nerging at edge portions of V-shape
patterns of the respective grooves 3. Consequently, the grooves of the
present invention can obtain an annul ar264 ow close to the one
conventional |y obtained by conmbi nati on of 20 spiral grooves even though the
grooves arranged in V-shaped patterns are used. Thus, an effective
agitation effect is achieved and thereby a heat transfer performance is

i mproved. RPOpEEPRve ff ddresthernsifde thergof ot i tHyesgrabpd AeptiE tare
formed with the secondary fine grooves 7 25 formed fromone side of an
outer surfaféreftt h@"ﬁr“é’f/eGPSd PR stdixggtion202porislon 55t oWiHe Gt her
side thereof in a prescribed depth to direct toward the spiral direction
as vel | as WERCRIDPH ed@dheddédsd 8ngld Rresgrided i FeRthepih dind a
prescri bed nunber of grooves as in the first enbqdinept. 5 Consequently,
the flow r eBreFSREREGT NHERRL g PSoVEF IS o?f | 47 rdtfe &5 ShaPIPaditRitsibie to
reduce the pressure | 0ss refore,, g\éen vm?n t he heat-transfer pipe of

... Th -
the présent COPAGERER O /i TR borresn s&GRAGr 8For2GR GTPOVFE r RPT FifEt fl ow

rate, the pressure loss.is reduced, and thereby the heat 10 transfer
per f or rrancenﬁaéei rﬁjsro§@aj.‘iAla§o,p8§/§?Pa€%e °t hree%ﬁ)ee the pressure loss.

Therefore, even when the heat-transfer pipe of the present
invention is  used for an evaporator at a low refrigerant
flow rate, the pressure loss is reduced and thereby the heat
10 transfer_performance is improved. Also, even when the pipe
is expanded, the fine grooves on the side portions are not
crushed and thereby.the,heat transfer performance -is not
deterioratéd. | |
According to the results of experiments
16 conducted by the present inventors as described above, the
flow resistance was the smallest and the pressure loss was
effectively reduced when the aforementioned lead angle 6,
groove depth H, and number of grooves N are in the range of
5 - 15°, 0.2 - 0.3 mm and 45 - 55, respectively, in the case
20 of a heat-transfer pipe having an outer dimension of b = 7
mm.
As described .above, éécording tb the
constitution of the heat-transfer pipe with internal grooveé
of this embodiment, widths of groups A - E cémposed of rows

| 25 of grooves 3, which are arranged in V-shaped patterns and



I s expanded, the fine grooves on the side portions are not crushed and
théreby the. heat transfer performance is not deteriorated. According to
the results of experinents 15 conducted by the present invenéAngised04
descri bed above, the flow resistance was the snallest and the pressure
I'oss was effectively reduced when the aforenentioned | ead angle O, groove
depth H, and nunber of grooves N are in2the range of 5 - 15, 0.2 - 0.3 mm
and 45 - 55, respectively, in the case 20 of a heat-transfer pipe having an
outer dinension of 4 =7 nmm As described above, according to the
constitution of the heat-transfer pipe with internal grooves of this
enmbodi nent , haivét hs dkagr ANsE-eA © Biddepentd fary oorclp506helr o@F€s et whi ch
are arranged in V-shaped patterns and 6 August 2004 -21 have a lead angle
0 different Wneawdachherekese artdhesgelrigeral  imHidremdde, hefeSverier ant
in the pipe has swirling flow as- in the case of the conventional pjpe
with spiral flghwo@,%s%ncghge&ééﬁt 19f, & FetentignslerPiROnbttOnSRiFREt 5 is
not deteriorated even when a refrigerant flowrate is | ow because the
refrigerant 9E90¥EPect CPBEGIEEREIYedth®r PREC ErABEAPEr BREPAFLIQR r 8EEFOh of

the pipe. The |lead angle 0, the groove depth H and the_ 10 groove Punber N
of the §roovies "9t deheriPrRAReL aVemypen a refrigerant flow rate 1s low

because the refrigerant is effectively supplied in the

circumferential direction of the pipe.

The lead angle 6, the groove depth H and the
10 groove number N of the grooves 3 formed in the V-shaped
patterns,. the first to fifth groups A - E of which are
arranged_in,the'inner surfa;e of.the pile, are set to the
&alues by which tﬂensmailést fiow resistance is.obtained.-'
In addition, the secondary grooves 7 composed of fine
16 grooves are formed from one side of an outer surface of the
projected portion 5 to the other side thereof to direct
toward, for example, the spiral direction. Therefore, since
the flow resistance can be made as small as possible to
reduce the.pressure losé and sWirling forcé in thg spiral
20 direction can be further increased, a heat-transfer pipe for
a heat exchanger having a still higher performance can be
obtained. Also, even when the pipe is expanded, the fine
grooves on the side portions are not crushed and thereby the
heat transfer performance is not deteriorated.

25 The heat-transfer pipe with internal grooves



patterns, the first to fifth groups A - E of which are arranged in. the
iFnner surface of the pile, are set to the values by which the snall est
flow resistance is obtained. In addition, the secondary groo¢@asguétaooaposed
of .fine 15 grooves are fornmed fromone side of an outer surface of the
projected portion 5 to the other side thereof to direct toward, for
exanple, the spiral direction. Thereforez-since the flow resistance can be
made as small as possible to reduce the pressure loss and swirling force
in the spiral 20 direction can be further increased, a heat-transfer pipe
for a heat exchanger having a still higher performance can be obtained.

Al so, even WSHNCh&hs gaoupseRpanded® tuewisf jofe thgr gypevednarhangsdein
portions are not crushed and thereby the heat transfer performance is not
det eri or at eV~ B PPee Arddernsaristcer SeFPain Hyanv@snal geoeviEzed apRUSt 2004
-22 having the groups A - E of rows of the grooves arranged in V-shaped
patterns andPZecomdfary BRUMlASEurededt i Hhrl ApblWing reldqd o yranBiRgs ur ed
by the followi ng nmethod by using, for exanple, a manufacturing device
shown in Fi gio® e¥gmpher; g manuactairdnge ARUAE? aFPOMR déndt€s 3 first marking
roll which has a marking processin urface |la corresponding to . the first
to fifth groups A - E ofr&WE- of” g?g%‘%%cear“r”&ﬁfjé ad Hﬁf_lﬂt@?oﬁvgkr??\

V- shaped patterns. Re{.eregce nyneral 12 denotes a second marKki ng {P”
whi ch has marking roll which has a marking processing surface a

corresponding to the first to fifth groups A - E of rows of
grooves arranged as main grooves in V-shaped patterns.
Reference numeral 12 denotes a second marking roll which has
10 a marking i)rocessing surface 12a for marking the fine
grooves 7 provided to extend, for example, in the spiral
direction from one side ‘to the other side of - a'n'out_er
surface of. the projected portién 5 forrﬁed between the
grooves 3 arranged in V-shaped patterns in the first to
15 fifth groups A - E. Reference numeral 13 denotes a flat
plate-like heat-transfer pipe material. Reference numeral
16 denotes a heating device for heating and softening the
heat-transfer pipe material at the time of roll forming.
Referénce numeral 14 denotes a first pressure roller for
20 sandwiching and pressing the flat pléte—-like heat—-transfer
pipe material 13 with the aforementioned first marking roll
11. Reference numeral 15 denotes a seéond pressure roller
for sandwiching and pressing the flat plate-like heat-
transfer pipe material 13 with the aforementioned second

25 marking roll 12, Reference numeral 17 denotes a roll



10 a marking processing surface 12a for marking the fine grooves 7
provided to extend, for exanple, in the spiral direction fromone side to
the other side of an outer surface of the projected portion 5Augusnio@4

bet ween the.* grooves 3 arranged in V-shaped patterns in the first to 16
fifth groups A - E. Reference nuneral 13 denotes a flat plate-like

heat -transfer pipe material. Reference-g@reral 16 denotes a heating device
for heating and softening the heat-transfer pipe naterial at the tine of
roll formng. Reference nuneral 14 denotes a first pressure roller for 20
sandwi ching and pressing the flat plate-like heat-transfer | pe materi al
13 with t he B@iagedewifed PaYERT nar Kidd rEPyming  h@ke eddaceEFunEP b~ 15
-denotes a second pressure roller for sandw chiing and pressing the flat

pl ate- 1 i ke Heagmuingr ahgter api pelirdeiqadi $BeRgt HFhenehad T%ﬁﬁﬂﬁﬁéﬁneﬂl%%cond
25 marking roll 12. Reference nuneral .17 denotes a roll 6 August_ 2004 d
-2 3 form ndal@nicd Havivy @ kps R nfhesthobe f#AtRoATPBPF-Biord iyfinto a
cylindrical shape the heat-transfer pipe material, 13 which has the first

to fifth gr dRRS ACT EIBEPOVEHURIEENGRIovER a1 °RARed i R VEHShed Pat toF ns and
the 5 secondary grooves 7 forgeg t hereon via the first.ang segond qgrking .
rol lersd11, SE Iy¥s 9%EQVEE AnfOLBTE eRF RN (HE HEatih§tdif c &% 3% The

first marki nrl(’;”arrkoilnlg 11;01 neqtst r&el,f ! {ft and is heated and softened by the

heating device 16. The first marking roll 11 and the first
pressure roller 14, the second marking roll 12 and the
second pressure roller 15, the heating devilce 16 and the
10 roll forming device 17 are successively provided side by
side at predetermin_ed intervals in the movement direction
(see the arrow) of the heat-transfer pipe material 13.
| Therefore, ih the device .for manuf'acturing f.he -
heat-transfer pipe with internal grooves, the first marking
15 roll 11 and the first pressure roller 14 are used for
marking the first to fifth groups A - E of rows of grooves
arranged in V-shaped patterns, the second marking roll 12
and the second pressure roller 15 are used for niarking the
‘secondary grdoves 7 in part'of the projected po_rtions formed
20 between the respective grooves 3 of the first to fifth
groups A - E of rows of grooves arranged in V-shaped
patterns, and the heating device 16 and the roll forming
device 17 are used for forming the flat plate-like heat-
transfer pipe material 13 into a cylindrical pipe. The

25 first and second marking rolls 11, 12 are rotatably operated



pressure roller 14, the second marking roll 12 and the second pressure
kol'l er 15, the heating device 16 and the 10 roll form ng device 17 are
successively provided side by side at predeterm ned interval $ August 2004
nmoverment direction (see the arrow.) of the heat-transfer pipe material 13.
Therefore, in the device for manufacturing the heat-transfer pipe with
internal grooves, the first marking 1524ell 11 and the first pressure
roller 14 are used for marking the first to fifth groups A - E of rows of
grooves arranged in V-shaped patterns, the second marking roll 12 and the
second pressure roller 15 are used for marking the secondary grooves 7 in
part of the S8 ofledt ehportsspesStigemetronyeset heod tHee r Edpebt itpe Fibdves 3
of the first to fifth roups A - E of rows of grooves arranged in V-shaped
patterns, afdFoURE ﬁeatﬂ%gaH%vFEé s6CandR X heJFOPYeT of nPRE SHEGRERLYTL%re _
used for formng the flat plate-like heat- transfer _pipe material 13 into a
cylindrical REFed #Re BY fFFagemnen ste8ndlakr biRGerdrke heatrsrapgier
rotatably operated i 1 6 August 2004 -%é o that the respective grooves 3
of the firs®HE MAERLad dips SRS BAnd EnPASTERARFFoHr BORESTTCFT AL

oi po. mlt or 32 PR S NAREAG: ReCh ERELPPERSPEr CH pECREIRY | STV E a4 S aihe.
heated and %:?Ietnenreoq.l%omgdh%%}it% dxegilcefc%‘r@mf‘ﬂ]éj device 17 to form a
cylindrical pipe.
| That is, in the method and device for
manufacturing the heat-transfer pipe with internal grooves,
10 the heat-transfer pipe with internal grooves having .a
constitution shown in Figs. 7 and 8 <can be easily
“""manufactured -only by two stage'suCCeSSive marking of the
grooves with the.abéve-described first and seéond marking -
rolls 11, 12 combined in the direction of the movement of
16 the flat plate-like heat-transfer pipe material 13.
Other Embodiments
Although a heat-transfer pipe of a electric
welded pipe type is described as an examplé in the above
embodiments, it is needless to say that the internal groove
20 'structures of the above embodiments can be also applied to a

seam welded type of heat—transfer pipe.

INDUSTRIAL APPLICABILITY

As described above, the heat-transfer pipe with

25 internal grooves and the manufacturing method thereof and




then roll-formed by the roll form ng device 17 to forma cylindrical pipe.
That is, in the nmethod and device for manufacturing the heat-transfer pipe
with internal grooves, 10 the heat-transfer pipe with internélAugrsbddds
having a constitution shown in Figs. 7 and 8 can be easily manufactured
dnly by two 'stage successive marking of the grooves with the
above-described first and second markings-rolls 11, 12 conbined in the
direction of the novenent of 15 the flat plate-like heat-transfer pipe
material 13. O her Enbodi ments Although a heat-transfer pipe of a electric
wel ded pipe type is described as an exanple in the above enbodinents, 'it

i s needl ess the seanuflagturhngi deeieml agrasiiag? (ostthec tnesensf inentbone
enbodi ments can be also applied to a seamwel ded type of heat-transfer

pi pe. | NDUSTRIeAlusaRl| €aBl Bl Teahstrastidmhairghofe a theathexchapgest @rdpi pe
with 25 internal %rooves and the manufacturing nethod thereof and 6 August.
2004 -25 teanwinwlaziyr sngtdele céoncaobdphptransfrr e nsshvERt i ®h are
useful for a heat-transfer pipe of a heat exchanger and particularly
sui t abl e f orevRHeERLOorr QRSP ePOREaNsdd fBrabfir CEVHIGORSr or a condenser in
an air-conditioner. 6 August 2004 - :



-26 CLAIMS: 1. A heat-transfer pipe with internal grooves, wherein a
plurality of rows of grooves arranged in V- 5 shaped patterns (3) symetric
with respect to a pipe axis direction are provided on an i nnérugustitmde (2)
of .a pipe body (la); and widths of the plurality of rows of the grooves
((3). arranged in the V-shaped patterns are nmade unequal in a 10
circunferential direction. 2. The heat-teansfer pipe with internal grooves
according to-claim1l, wherein secondary grooves (6) having a prescribed
depth are forned froma top (5a) side towards a base (5b) side at 16

| east in part of projected portions (5) formed between respective grooves
(3) of the pHAIMS:ty of rows of the grooves (3) arranged in the V-shaped
patterns. 3. The heat-transfer pipe with internal grooves according to
claim2, whekein 20 t heBschorddinpngiesyepipe) @k notniradagr ogvesves, a
spiral direction. 4. The heat-transfer pipe with internal grooves .
accordi ng t hexnsilm 1, wherein secondary grooves (7) having a prescribed

depth 26 are fornmed in an outer surface of at |east part of projected
a plurality of rows of grooves arranged in V-

5 shaped patterns (3) symmetric with réspect to a pipe axis
direction are provided on an inner surface (2) of a pipe
body (la); and

widths of the plurality of rows of the grooves
(3). arranged in the V-shaped patterns are made unequal in a
10 circumferential direction.
| 2. The heat-transfer pipe with internal grooves
according to claim 1, wherein
seéondafy gfooves (6) having a prescribed depth -’
are formed from a top (5a) side towardé a base (bb) side at

16 least in part of projected portions (5) formed between
respective grooves (3) of the plurality of rows of the
grooves (3) arranged in the V-shaped patterns.

3. The heat-transfer pipe with internal grooves
aécording to claim 2, wherein
20 the secondary grooves (6) ére notched grooves in
a spiral direction.
4. The heat—-transfer pipe with internal grooves
according to claim 1, wherein
secondary grooves (7) having a prescribed depth

26 are formed in an outer surface of at least part of projected



. 6 August 2004 -27 portions (5) formed between respective grooves (3) of
thé rows of grooves (3) arranged in the V-shaped patterns. 5. The
heat-transfer pipe with internal grooves according to claim 4Augkse20ddn 5

t he secondary grooves (7) are fine grooves extending fromone side surface
of the projected portions (5) to the other side surface thereof. 6. A

nmet hod for manufacturing a heat-transfe27pipe wth internal grooves,
wherein 10 Ca first marking roll j (11) for marking a plurality of rows of
grooves (3) arranged in V-shaped patterns in n-a flat plate-like

heat -transfer pipe material (13), Ca second marking roll (12) for marking
secondary RINERS( 72 )atfrEmad hetvyran FASRAKLidEt SFOONESt i (dis 95) thS
formed between respective grooves (3) of the plurality of rows of the
grooves (3) EMardedrPAVERe! Ik SHFedefaitett? VaidPed PBEFCFRF i ng devi ce
((17) for formng the flat plate- |like heat-transfer pipe material (13)
into a cylimirical pipghﬁré“ﬁ§€§999558ﬁtﬂﬁdﬁhswﬁtﬁnfﬁhégﬁ?ﬁ& ubfaPPYSS of
rows of 20 the rQove% (31 arranged in the V-shaped patterns and the
secondary gr%ﬁﬁéiglP?) PnCt®E® ftat" i &t8- 1 i ke heat-transfer pipe material

(13) sugcessively by th% first and second nmarking rolls (11), %12 and
t hen fo$n1a cylindrical PRpeSBSPRIHY FEPAVRT b’k héi%l P& nfRECHRY i ce
(17).

extending from one side surface of the projected portions
{5) to the other side surface thereof.
6. A method for manufacturing a heat-transfer pipe
with internal grooves, wherein
10 [é first marking roll:{(ll) for marking a
plurality of zrows of grooves (3) larranged in V-shaped
patterns in-a flat plate-like heat-transfer’ pipe "materi_al
(13), Cé second marking rolJ;Z(iZ) for mérkiﬁg secondary -
grooves (7) at 1least in part of projected  portions (5)
16 formed between respective grooves (3) of the plurality of
rows of the grooves (3) arranged in the V-shaped patterns

and{a roll forming devicej&l?) for forming the flat plate-

L

like heat-transfer pipe material (13) into a c¢ylindrical

' pipe'are used to continuously mark the plurality of rows of

20 the grooves (3) arranged in the V>shéped patterns and the
secondary grooves (7) in the flat plate-like heat-transfer

pipe material (13) successively by the first and second
marking rolls (11), (12) and then form a cylindrical pipe by

roll forming by the roll forming device (17).

2b 7. A device for manufacturing a heat-transfer pipe



25 7. A device for manufacturing a heat-transfer pipe 6 August 2004 -28
with internal grooves, wherein a first marking roll (11) for marking a
plurality of rows of grooves (3) arranged in V-shaped patterds\ugust2004] at
pl ate-li ke heat-transfer pipe material 5 (13), a second marking roll (12)
for marking secondary grooves (7) at least in part of projected portions
(5) fornmed between respective grooves 28> of the plurality of rows of the
grooves (3) arranged in V-shaped patterns and a roll form ng device (17)
for formng the flat plate-like 10 heat-transfer pipe material (13) into a
cylindrical pipe are provided successively side by side in a direction of
novenent of WHe! finderprat 8TPPRRS hedereifinsf er pipe material (13) to
continuously mark the grooves (3) arranged in_the V shaped patterns and
the secondary grooves (?) <d&€&ssmpEkyngds E9l%he(ﬁﬂ?stf82d LS9 maPki ng
ot e ST | 85 &% Mot “YrbBits ©ls)P! BERNetd' 1 OV G p2h e

patterns in a flat plate-like heat-transfer pipe material
5 (13), a second marking roll (12) for marking secondary
grooves (7) at least in part of projected portions (5)
formed béﬁween respective grooves (3) of the plurality of
fows of the grooves (3) arranged in V-shaped patterns and a
roll forming device (17) for forming the flat plate—like
10 heat-transfer pipe material (13) into a cylindrical pipe are
provided successively side by side in a direction of
movement of the flat plate-like heat-transfer pipe maﬁerial
(13) td continuoﬁsly.mark the grooves (3) arranged in the V;.'
shaped patterns and the secondary grooves (7) successively
15 by the first and second marking rolls (11), (12) and then
form a cylindrical pipe by roll forming by the roll forming

device (17).



