WD 03/ 089865 PCT/ US03/ 12551 5 HEAT TRANSFER TUBES, | NCLUDI NG METHODS OF
FABRI CATI ON AND USE THEREOF Rel ated Applications This application clains

t he benefwbD ofosddsS. Provi sional 10 Application Serial NoPCGQ/SBI4HBFL fil ed
April 19, 2002. Field of Invention The present invention relates generally
to heat transfer tubes, their nethod of formation and use. More
particularly, the present invention relates to an inproved boiling tube, a
nmet hod of manufacture and use of that 15 tube in an inproved refrigerant
evaporator or chiller. Background of the Invention A conponent device of

i ndustrial air _conditioning _and refri%erati on systens is a refrigerant

evaporator or ehiller. IHESTERANSEERTUBES, INCLUDING MEXHORSat from a
cool ing mediumthat enters t8QE HABRICARIONANDASE AHERERHE cool i ng medi um
to the air conditioning or refrigeration systemto effect cooling of a
structure, device or given area. Refrigerant evaporators on chillers use a
| i quid refrigerantRetatedAlpplicatipnki ng fluid to acconplish this task.

Ref ri gerant evaporators on chillers |lower the tenperature of a cooling 25
medi um such as water (or sbie afpheationl wiadns tel dendfhabf Woi hPaotdichabe

obt ai ned from_anbient. condj t.i.qns I e.by the air conditioning or
refrigeration lgystAetW\Lcﬁ?él f}f)lg\?%ﬁfoé%ﬂﬁ ji‘llgaAipE?é&fZIOBgded chiller. In

fl ooded chiller applications, a plurality of heat transfer tubes are fully
subrerged in a poglicl@fof IRnAok WO- phase boiling refrigerant. The refrigerant

is often a chlorinated fluorinated hydrocarbon (i.e., "Freon") having a
speci fied boiling tenperat uhe. presgng gientien mdateugsnetdilyen heat sansférstubgsocessed

by the chiller. The. i 86 i .enters
t he evaporator an ?1§&8%]F?\%’£f%rgl\ggggt% ﬁ‘ggg 'u?@?ﬁéﬁfgﬁ%{l%égéﬂmﬁ g’k‘% é?%
subrerged i n a boirélatagtd argimmpovedfiroiliyer tabt,.a Msthad pEgahdfactarecdndtusbes that e

15 tube in an improved refrigerant evaporator or chiller.

Background of the Invention
A component device of industrial air conditioning and
refrigeration systems is a refrigerant evaporator or chiller. In simple terms,
20  chillers remove heat from a cooling medium that enters the unit, and deliver
refreshed cooling medium to the air conditioning or refrigeration system to
effect cooling of a structure, device or given area. Refrigerant evaporators on
chillers use a liquid refrigerant or other working fluid to accomplish this task.
Refrigerant evaporators on chillers lower the temperature of a cooling
25 medium, such as water (or some other fluid), below that which could be
obtained from ambient conditions for use by the air conditioning or
refrigeration system.
One type of a chiller is a flooded chiller. In flooded chiller
applications, a plurality of heat transfer tubes are fully submerged in a pool of
30 a two-phase boiling refrigerant. The refrigerant is often a chlorinated-
fluorinated hydrocarbon (i.e., “Freon”) having a specified boiling temperature.

A cooling medium, often water, is processed by the chiller. The cooling
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commonly known as "boiling tubes.” The cooling nmedi um passing through the
plurality of tubes is chilled as it gives up its heat to the boiling
refrigerawn.o3689Be vapor fromthe boiling refrigerant is d@elrivses/erdsto a
conpressor which h 0

t enperature. The |C§%§%§§31rlée e O%R) &ésra lurlgggoathg ?ﬁ?lﬂ&%gﬁxb Sdt}’flgﬁhto a
condenser where i trd subtengkeinmed bbiling lﬁq\umtdfagerm&t UAB at feslt)Gluclamubey padhsi on

device to the evaporato 0 Iowe t he res d t enperature. Those of
ordinary skill i nc?‘ﬁB‘(’QYt &ﬁr‘lg’élt’alg EH’FH’QP ?%@eagp’e%ﬁlﬁé tyeuett s in
keeping with the w}hmlanwtﬁ&fsng aﬁn&idsqnglwsclh;ens hdat td the KDBNE rdthgdratieat
transfer performnce of boiling tube sub merg in a refrigerant can be
enhanced by foPni ﬁ@ef‘iaﬁ%f Bamt the beiling] g&igesant findelivered: ea compressor Whicka| so
known to enhance r r ' fying
the inner tube su%&ﬁggg%%ﬂ% ‘adg?\{tgcts kglt%soug% ?I{rj\hgteg@&]awg fﬁ%@rgg%? : | e of
such a nodi fi cati end temgeheure vagor i$ thee rmued mcecdngensshohere iitnis bbﬁlenféaltfeﬂt No.
3,847,212, to Wthe r., et al whi ch .t egches ormn rldgsona
tube's inner surf&&%‘mq\] et h’ﬁ?‘lgpi‘earn Rpathen ﬁ%‘flcet Wethf’lei’@p‘%é WIS ed t o
further enhance ?@eaéuré had $éipeiktitel t PhosEQF oR¥MIPIsRill HIOHE ahcwllul :ﬂﬂrécbﬂ@@s have
come to be 20 referred to as nucleate boiling tubes. The outer surface of
nucl eate boil ilfg thabdy feregomgraseersinkespaguvih thel velbkeowniafiigesaionreyslsr es

(often referred toas boiljng Rbwhi GRA! Binckr! SlorhBitle & LY, ARG NOS

which permt small refrigerant vapor bu es t t here

vapor bubbl es t endulimergédinma atfrrgemnbamdoeo@nhlamwhyffmmmgnﬁm eaatheomuts;det e and
grow in size until_ they eg fromthe outer tubes

B oaki ng. avmy.  addPFRSRAInT R 0 ©PBY KPGEP ahPheaes e et Garilt a5 atE And

the process is repgaingdub® bi/Qﬁ(Bﬂl@Eﬁgethe MEgF0tb® YiMPARSthat! ébn&dussthmaﬁﬁ the
l'iquid refrlgerant is boiled off or vagorize,d at a Iurallty of nucl eate

boi | i ng sites 1pr ovedm ofPrenexagipleepl sig faaﬁ@d’(ﬂca‘ﬂ‘ﬂ’eto tiBngritebe gigkase ig0 U, S.
Pat. No. 4,660, 63Qyd0n GRNSNEham Rb. & 47 Shovg lﬂeq}eet Bpi #NMEH t%?c‘ﬁ'f%]'ees or

pores for rred by notching or grooving |ns on t out ef surface o
t ube. The not ches fameng odgesdniarfulze’ dinnercuiface. essentl ally 2

It is further known that the fins can be modified to further

enhance heat transferability. For example, some boiling tubes have come to be

20 . referred to as nucleate boiling tubes. The outer surface of nucleate boiling

tubes are formed to produce multiple cavities or pores (often referred to as

boiling or nucleation sites) that provide openings which permit small

refrigerant vapor bubbles to be formed therein. The vapor bubbles tend to

form at the base or root of the nucleation site and grow in size until they break

25 away from the outer tube surface. Upon breaking away, additional liquid

refrigerant takes the vacated space and the process is repeated to form other

vapor bubbles. In this manner, the liquid refrigerant is boiled off or vaporized

at a plurality of nucleate boiling sites provided on the outer surface of the
metallic tubes.

30 U.S. Pat. No. 4,660,630 to Cunningham et al. shows nucleate

boiling cavities or pores formed by notching or grooving fins on the outer

surface of the tube. The notches are formed in a direction essentially
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WO 03/ 089865 PCT/ US03/ 12551 perpendicular to the plane of the fins. The
i nner tube surface includes helical ridges. This patent al so discloses a
Cross- gr owoimgswper ati on that defornms the fmtips such tratr/usoshsat e

boiling cavities %Q@e&&?&ﬁ%%ﬁe Lfe bPHIGHs Y Jﬂgerat'ubé%ﬁf’atcg'irb}m&ég Relidpn the

surface openi ngs. I's construction permts the vapor to travel
outwardly throughridpes. cl2s pqzc;nttatsoamztldsbsra)ugks grhevmgppmnmn thatdeffaros the

o oduced i n acoor SAr WL Rl REATn AvHEm ARAE G ehnaYish ¢ty bE o
mar ket ed by Wl vergidager Wi, thdthe stfsteropbhiagd. r akie ﬂﬁlﬁdﬁua'tURB@TBﬁtﬁ Xhe ‘i'a'éb

anot her nucl eate boj | ISn%’ t ube, marketed under the trademark TURBO-BII(r),
10 the not ches>ar @Uptlesqiravel gurwardly dhrawgh Beicavithdo gpddrough theenarowsr | n

sone heat transf ersultféé@%emhg’se WHidS fiher &b &S hewan@fa%mty f\}a%héem%@s aft er
they are fornmed so as to produce narrow gaps which overlie the |arger

cavities or channerwiucksf iimextcirgandeewithoths Gfintikghafi 86 angatehe haved dsemf

sdacent pair s of it ARG iS5 o Ul fbboto gL o

Pat. No. 4, 765, OE&thMc&fateLboimgoaibe mNarketed QinderSHh8 traElbrﬁkth’H\}RBet-BH® U S,
Pat. No. 5, 186 252; Chi an U S Pat. No. 5,333, 68 Controlling the
density and silfe &¢mifbes q%Ialtlén Adeangeye thaplane fdbe.8Rs- zed in the prior

art. Mreover, the int erfe'lﬁtéo%bshéd@ (PRERbROMR ik al ?d?leéﬂﬂzef ghabper ant
type has al so been recognized in the prior art. For exanple, U S. Patent

No. 5,146,979 to Bet¢ned afier they arg fpqurﬁ@raé&erodg@rrfa@pmwewhsqhnqeﬂxegh@r

pressure refriger %g}&oﬁégﬁg%%ﬁé&glstdé?ﬁ %Bg\ﬁké‘%obi‘g%%g%% Q! th dRled f =

ranging in size fro square inc squar e I nches (the
total area of the apjacsit peirsngf fineamEkdiples itBidecthe 2bek lof theo falowany Ehitsdir f ace

i ool oses a ndac SRORTS: FBringBIR g 2l bkt N0 BSOS AN G B iy

ext endi ng hel i cal Nd. 8365,058, 2dHa8 U.8Ne4t. Nws‘@szeszﬁaaﬁmlzawe@m UY. Pht. Noe! | cal
ridges. The fins of the outer surface are notched to provide nucleate

boi I'i ng sites havidlgogoteShiampet 4liLhS. Rav NN 6t38R682.ar e spaced to provide

pores 30 paving an average @ffigulfiSte! dly P40 of AHALE bARRFSoR0a POT

been recognized in the prior art. Moreover, the interrelationship between pore
20 size and refrigerant type has also been recognized in the prior art. For
example, U.S. Patent No. 5,146,979 to Bohler purports to increase
performance using higher pressure refrigerants by employing tubes having
nucleate boiling pores ranging in size from 0.000220 square inches to
0.000440 square inches (the total area of the pods being from 14% to 28% of
25  the total outer surface area). In another example, U.S. Patent No. 5,697,430 to
Thors et al. also discloses a heat transfer tube having a plurality of radially
outwardly extending helical fins. The tube inner surface has a plurality of
helical ridges. The fins of the outer surface are notched to provide nucleate
boiling sites having pores. The fins and notches are spaced to provide pores
30 having an average area less than 0.00009 square inches and a pore density of
at least 2000 per square inch of the tube’s outer surface. The helical ridges on

the inner surface have a predetermined ridge height and pitch, and are
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at | east 2000 per square inch of the tube's outer surface. The heli cal
ridges on the inner surface have a predeterm ned ridge height and pitch,
and are WOWDB6089865 PCT/ US03/ 12551 positioned at a predatses/misaed hel i x

angl e. Tubes made | ar danc at ent , have
been offered and %]dgl?ecd tg%f%d%te %Eﬁ‘glr angl?eugg‘é %Ql??? n)““%%&eﬁ‘a Py
continues to expl @m&nnemx afh that Weﬁt\lﬁﬁbedl@ébhgif&réwamﬁ suldi widet theetthddntek heat
transfer and chil Im@ figrance. For exanple, U S. Patent No. 5,333,682
di scl oses a heat t &lBube havi ng an external surface configured to
provide both an increased ar@fin@hstlyR@nfiRetSexPtdr€hedlan® Hhfi86& @Rtins b
provide re-entrant cavities as nucleation sites to promote nucleate

boi | i ng.  Si ni Par Which fosenhprgechrat Nensfe, and chdby perfermasses Far meamepler didsf er
tube for use in a d f flgured
to pronote drai nagl;égg RY §$§4668e2rl\%%1{10 ?%%@iﬁﬁrgﬁgﬁg Mbgggqﬁg% gt&%%l &ﬁﬂw

devel opnents in t kenfagured uotpro‘edtabasth anancgnadd drea ofitbe s dxhaendhem’lfac‘eraﬁdlsf er
per f or mance of nug | eat e mai nt ai ni n ri ng cost
and refrigeration %%O[Véq’ﬁ r8peéltr3‘%| C(?HR‘(%@? Q“d%f‘ﬁo%sﬁ?srfﬂrﬁri)‘@g@lné‘c gba" Meoal s
include the desi gisimfladipES SHfdtdnt NONE, 16LYSBdisdked 2 hehti thansfes tuba st ¥ ds of
manuf acturing such tubes. Consistent with such goal s t he present

invention is dir e€PRIENSSS Withyraiehed gnd ﬁéneéémf@ﬁeﬁﬁ%@%‘? tagsemote dedizagg € t ubes
generally and, in used
P 1 ooded chi 11 orrgrfaf o 1, RESGRTAE Beveltflen i DANAE n chife

| nvention The presegual itm\imnt:zisorthq: rhpatoth&sfeugmrfopname dﬁeamleebeclbmlm@ ttbgbes

and. refrigerant evaporators rmn |d| en anced nucl eate
boi |1 ng cavit | es PUTEupuBieie g et e airalith SR AR aTe. and.
as a result, perhomifaRee lefeld Taid ddals ihé1Gddidle Aesi@Ner MbreBBfide futfey Ghd t ubes.
It is to be 25 understood that a preferred enbodi nent of the present

i nvention conpPi s€8illgEs, apdeneibrds of mamHadienag guckt tubesas CoppistertuRith caigh t y
boi l'ing cavity or oBQL e, pr@slexﬁ 1n‘;éﬂ'ﬁoﬁ OgRecHiS6 Eﬁ?lr{%etﬁgggrf@ﬁrﬁmgesppﬁéa@l ly

effective in use |n boiling applications using ssure refrigerants,
they may be used wk¢hangotnbes generally and, in particular, the performance of heat exchange

tubes used in flooded chillers or falling film applications.

20  Summary of the Invention
The present invention improves upon prior heat exchange tubes
and refrigerant evaporators by forming and providing enhanced nucleate
boiling cavities to increase the heat exchange capability of the tube and, as a
result, performance of a chiller including one or more of such tubes. It is to be
25  understood that a preferred embodiment of the present invention comprises or
includes a tube having at least one dual cavity boiling cavity or pore. While
the tubes disclosed herein are especially effective in use in boiling
applications using high pressure refrigerants, they may be used with low
pressure refrigerants as well.
30 The present invention comprises an improved heat transfer tube.
The improved heat transfer tube of the present invention is suitable for

boiling or falling film evaporation applications where the tube’s outer surface
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pressure refrigerants as well. 30 The present invention conprises an

i nproved heat transfer tube. The inproved heat transfer tube of the
present iwoanmsmesis suitable for boiling or falli ng fi | PCEEP® 1B on
appl i cations where s .out.er .sur 4 865 PCT/ 803/ 12551
contacts a boiling *?‘%ﬁf OEIQgJIqﬁléirrgmgemflﬁcé W@f\l‘é\gf(? % 5% ﬁé’HF ity of

plurality of radiradidlly outivasilylexteihe Relisad filekieCRIméd 66 tld utbO&FREe @R t he
outer surface of the tu The fins are notched and the tips bent_over to

form nucl eate boi IH5igbe- i@? fingyre nofeheq gk the Gps ber overie fﬂ’ﬁ?%‘éear‘i‘?)b%‘%& to
increase the vol URRviREs. STHeEro8ts f R End WGy Q@B@tcf?&l' tblifGediRYhd ¥ SSme HPSizL OP
surface of the fins are bent over and rolled to forma second pore cavity.
The resul tant &onfof igrmrcleatis bedingrravitigualThe depvsuriacpof ths fios amﬂmnhe‘#m ahor
enhanced producti f [ n.b e Th f.ace t he
tube may al so be ?&hegntgeg, éﬁc‘%%g’off &QQ% %Be resuﬁh %I%r u%atloé‘ Singy %ur% t he
internal surface, cadtyf pm‘eher chamelsl foateahzhﬁad ptdcﬁﬁﬁcfrﬁbf iz@pd@ﬂhmebulﬁﬁws

cool i ng nedi um f| ng thro eandt fri nt in which the
tube may be submsolkélyl&ilglte lr P "pP’é%é}‘?Prﬁ rﬁ?ﬁﬁ{cF PUFR ak BY Providing ed by
any particul ar |mh€ﬁm|r1cfgb‘§ fa%g tﬁ@hﬁ@ﬁﬁm&tfaceﬂ?& fRIRS GBdililafy Bt | @sfepl t her
conprises a nethod of formn npr oved heat transfer tube. A preferred

embodi ment of 10he bﬁ?ﬁﬁémﬂ@dcwglﬂ&@@dl% flowenautheangh ee Bibesad dlie fedrigarang im
plurality of radi t L tfagepf the
t ube, and bendi ng%%}Lé{l ?llénté\@%ﬁl &%Elglg}rg@ ur(#fgcgoélpsg’f b2 rQSLéE-‘F nvgﬁ{nc‘ft%hl gg and
bendi ng the left dmewd(bwanﬁpmlngaxhatevmgurmeeﬂlmyemamter| al to form dual

cavity nucleate boiling sit whi ch. enhance heat transfer. between the
cool i ng medi um fl owing thr o’ﬁbarPrf’sr‘?Et iNYEion Arthen Lomppyises Agnethas gtdprmipgAdnt i n

whi ch the tube maympRvedheRiasder tIhE RpeTaRdd drbRthém B f e thhidlieCABRbA SES an
i nproved refrigerant —evaporator. The inproved evaporator, or chiller,

i ncl udes at | dast ieshedes thsestensed dommping @ abiraliycod rodial Plﬁé/arﬁﬂ)é@étﬁndlngvﬁ@ﬁtl on
that is suitable f ﬁrthpgﬁty Q908 of {h%lthl%eggrcl)c; b% e%’(%gcﬁngto'notﬂe g&t@% glﬁ‘ é% S-

a preferred embodi’ ment, the exterior e 1 ncludes arari ty of
radi al | y outwar dl yheetubennlmtn@ng iang .behtiag ftherdeft over (remaining between notches)

material to form dual cavity nucleate boiling sites which enhance heat transfer
between the cooling medium flowing through the tube and the boiling
20  refrigerant in which the tube may be submerged.

The present invention further comprises an improved refrigerant
evaporator. The improved evaporator, or chiller, includes at least one tube
made in accordance with the present invention that is suitable for boiling or
falling film evaporation applications. In a preferred embodiment, the exterior

25  of the tube includes a plurality of radially outwardly extending fins. The fins
are notched. The fins are bent to increase the available surface areas on which
heat transfer may occur and to form nucleate dual cavity boiling sites, thus
enhancing heat transfer performance.

It is an object of the present invention to provide an improved

30  heat transfer tube.



are notched. The fins are bent to increase the avail able surface areas on
whi ch heat transfer may occur and to form nucl eate dual cavity boiling
sites, thweo3msdsenici ng heat transfer performance. It is amcoljsesi2sef the
present invention to provi e an i ro ed 0, heat transfer tube. 5 WO

03/ 089865 PCT/ US03/ 12551 lﬁsana t i F%B?é&? PERSCRth VBT iy PFAYidneRon t o

provi de an i nprovedpheal h&& anstef nbd g idlitab® BHboAARIES 'éncp?illlfhé hﬂﬁded
and falling film evaporator applications. It is another object

present inventi on V&PosHeRAPRECARNS.5 | nproved heat transfer tube t hat defines
east one dual cavity nuclegiie Bl Mjectlof Ghe lfesk® ANGHAST (OBIREL. 8f the

present invention to provide a ne manufact ur | ng a Trn

tube for boiling amproved héangrahsfemubgilai deftnes teast onwldaaleuamtyahudlw:sbomﬁg dual
cavity nucl eate b0|I|ng site is located on the outer 10 tube surface to

enhance the heat tF&nsfer capability of the tube. It is another object of

the present invention to prieys zdl%th%ﬁobﬁé’fﬁif@\é%ﬁed%ﬁﬁ'neéﬁtﬁnh@bfdvﬁﬂa 4 MB@od or
applications wherein fins formed on the outer tube surface have been bent

to provide additi @ﬁa}angfa?tﬂaegaafa@éraméﬂer tubp freroilingeand £plbipg fidmiapplicagoner eby
enhance t he heat twlé%lfl g{ 169&%@ du'alt é’aV?[% g\pl%ate 10%11 %B lé ﬁoca&d%tn' t&lg V\ﬂ%g}]her

obj ect of the present Invention to e a hea transter tube
i ncl udes surf dfe dunieandaseenteshanoe tﬁwehe@maesfet cdpeblhmﬁth@mbe hat can be

produced in a single pass finnj p is still another object
of the present invention th¥ Foa\ﬂoh’gga?%%ﬁb E&g‘? pf‘?sﬁl?'fs?‘éffnt{(’t?bg’ RFVF ARcl udes
surface enhancemeningroved hhaeatamem %Ltbl&a fo¥ WppBeuBioMd ivbbrefnafihd Fdrake@ ol Ay of

liquid inside the tube, increase the internal surface area, and facilitate
contact between t I98tFitiRE urfacq have dheshl beatity peevidy additional surfacs pigat feer

enhance the heat LOANRHR! vABARIAn tb¥ndilny! fifiahdtfic nbdt lafisrBl daphbiflPSEE
obj ect of the present 1 nvention to provid
15 tube.

It is still another object of the present invention to provide a
heat transfer tube which includes surface enhancements to the outer tube
surface that can be produced in a single pass by finning equipment.

It is still another object of the present invention to provide a

20  heat transfer tube which includes surface enhancements to the inner tube
surface which facilitate flow of liquid inside the tube, increase the internal
surface area, and facilitate contact between the liquid and internal surface area
so as to further enhance the heat transfer capability of the tube.

It is still another object of the present invention to provide a

25 method to make an improved heat transfer tube that defines at least one dual
cavity nucleate boiling site.

It is still another object of the present invention to provide an
improved refrigerant evaporator.

It 1s yet another object of the present invention to provide an

30 improved refrigerant evaporator having at least one heat transfer tube having

at least one dual cavity nucleate boiling site.



25 nethod to make an inproved heat transfer tube that defines at |east one
dual cavity nucleate boiling site. It is still another object of the
present iwoeanssnrsto provide an inproved refrigerant evapomatsos/12skt is yet

anot her object of the present. invention to vide an, 30 inproved
refrigerant evaporator havi I?uds Xgt qnather objset %‘fe’gﬁ W?Sﬁﬁtslflé?m‘toﬂgg PERYiff1gn  at

| east one dual cavinbiovedlGRbRNDeVdpoRdorS hidng & MRy QBIREP nRAIFLURRRE 12551

It is yet another object of the present invention to provide an inproved
refrigerant evapordesin gaahi afgueh mbes definey a plurplétyitof dpalrravisy nelestesboilingr ei n
each of such tubesg;defines a plurality of dual cavity nucleate boiling
sites. 51t is yet another object of the present invention to provide an

i nproved refri gerant evaporlktioyethmoiheg object efathe poesenthimagntionangfrevidé abe t hat

is provided with.dual -cavi.t ucleate boi.ling sites. It is anot.her
obj ect of the pr e%lélmovf“?\\r/%%r}?%/rglﬂ etvgp%'f’t(?(/%‘@n%a 16831988 hatt tf%‘?%?/ﬁ%’eéﬂﬁe‘ét
transfer tube by benddddovitthéudl-cnstytmcRekivogingsited. pl e 10 cavity nucleate
boiling sites. These and other features and advantages of the present

invention will be denonstrattdd Yentnaeabitch el thyy prestdiimgntion ' Peayede a
speci i cation | NCilihdilor! BnAPAGHRGEH, IR WHCS, behdingthfind B eth b’ the

Drawings Fig. 1 is an illustration of a refri'gerant evaporator na
accordance wi tlf t lvevipy metaate horlngrsiteon. Fig. 2 is an enl arged, partially
broken away axi al cross-sectjonal . vi.ew pf a heat transfer tube nade.in
accordance with the pr esenthileﬁf\’/e?{ltdi S Z%atryireﬁ. a3 C{Vﬁ’ﬂta%eﬁl Q%tha,prﬁﬁ‘?ntti ally
broken away axi al igveafion Seidlt benddmonkirdted tandt uitrddoda bpr Rheing edhe epieodit ment
of a heat transfer tube made in accordance with the present invention.
Fig. 4 is a photofPEiioGHiapHebdingthe gprepdeddipvigs of the tube of

15  Brief Description of the Drawings
Fig. 1 is an illustration of a refrigerant evaporator made in
accordance with the present invention.
Fig. 2 is an enlarged, partially broken away axial cross-sectional
view of a heat transfer tube made in accordance with the present invention.

20 vFig. 3 is an enlarged, partially broken away axial cross-sectional
illustration of a preferred embodiment of a heat transfer tube made in
accordance with the present invention.

Fig. 4 is a photomicrograph of the outer surface of the tube of
Fig. 2 subsequent to fin-bending.

25 Fig. 5 is a cross-section taken along line 3-3 in Fig. 4.
Fig. 6 is a cross-section taken along line 4-4 in Fig. 4.

Fig. 7 is a photomicrograph of an outer surface of a heat
transfer tube made in accordance with the present invention subsequent to root
and fin notching but prior to fin-bending,.

30 Fig. 8 is a schematic depiction of the outer surface of the tube

of Fig. 3.



Fig. 2 subsequent to fin-bending. 25 Fig. 5 is a cross-section taken al ong
line 3-3 in Fig. 4. Fig. 6 is a cross-section taken along line 4-4 in Fig.
4. Fig. wb3sasghot om crograph of an outer surface of a heat/usos/assfer tube
made in accordance with theFlg sent ﬁnventl on su f| n

0
not ching but prior to fin-be M ag@B ﬁ?rélparglgl g e %‘g?lcé’rrlﬁfléx fo(ﬁglﬂﬁ %lPF(S’
the outer surface tiof preteat inwbﬁtlorpéndFa Beat 3xchan¥OnB 8/n€h&98165cd3€35&1ﬂ§%ﬂ13¢3551
Fig. 9 is a graph.conpari an efficjenc |nd for the tube of the present
invention and a h&%fn t@%&’ée‘iﬁ‘b[és %f%“%}[P éégé#a%nce with the inventions

disclosed in U'S. Patent Nopig5,199%s 480g raﬁl‘; geonl&nh e iR GRMPAfINER, t he
i nside heat transfer 5 performance of the tube o the present invention

and a heat exchangefeimsace phthe uhe € dlr presené inention hed ﬁrhﬁféfnﬁcbmedﬂuml osed
in US. Patent No,q3, ﬁlgzacc‘l)?'&nc%: | itn 1 1ﬁv&tﬁ%@gf%goa§ﬁ)%' tpgt pour €

drop of the tube o ‘the resent invention exchange ube “rade in
accordance with t B#97H00i nventions disclosed in U S. Patent No. 5,697, 430.
Fig. 12 is a graph conpari the over heat transfer coefficient . Uo in

| |
refrigerant HFC 134a at varyBng Aa&FaPP cquBaringha gresyrg diopof }}ﬁet%er‘i’fﬁp?on of

the Preferred Enb@glseRninSention Redies Mestdeit@indentuse hitide lhoacwﬁameamﬁgﬁe in
which like nunerals indicate |ike parts throu?hout Fig. 1 shows a

plurality of Heat myeafigiseliscasedin UsaBeientiNado8r ddhce wi t h the present
invention generally at 10. elzt %8?ﬁpﬁggm%éﬁnfc%B%fm"ﬂea%mf& c%e{fﬁiern't ger ant

evaporator 14. |ndividual tu C are representative

t hose of ordi nary ki tefrigeirdnt PﬁﬁbtﬂaiaaVsymgmeatrﬂaxxEQ ng.entl ally hundreds of
tubes 10 that are commonly contained in the evaporator 14 of a chiller.
The tubes 10 may be secured in any suitable fashion to acconplish the

inventions as des@etiiRd IFQtApion d@e PrefRpredtFthbddiments

15 Referring now in detail to the drawings, in which like numerals
indicate like parts throughout, Fig. 1 shows a plurality of heat transfer tubes
made in accordance with the present invention generally at 10. The tubes 10
are contained within a refrigerant evaporator 14. Individual tubes 10a, 10b
and 10c are representative, as those of ordinary skill will appreciate, of the

20  potentially hundreds of tubes 10 that are commonly contained in the
evaporator 14 of a chiller. The tubes 10 may be secured in any suitable
fashion to accomplish the inventions as described herein. The evaporator 14
contains a boiling refrigerant 15. The refrigerant 15 is delivered to the
evaporator 14 from a condenser into a shell 18 by means of an opening 20.

25  The boiling refrigerant 15 in the shell 18 is in two phases, liquid and vapor.
Refrigerant vapor escapes the evaporator shell 18 through a vapor outlet 21.
Those of ordinary skill will appreciate that the refrigerant vapor is delivered to
a compressor where it is compressed into a higher temperature and pressure
vapor, for use in keeping with the known refrigeration cycle.

30 A plurality of heat transfer tubes 10a-c, which are described in
greater detail herein, are placed and suspended within the shell 18 in any

suitable manner. For example, the tubes 10a-c may be supported by baffles
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contains a boiling refrigerant 15. The refrigerant 15 is delivered to the
evaporator 14 froma condenser into a shell 18 by neans of an opening 20.
25 The bowbinsgsssesri gerant 15 in the shell 18 is in tw phlrasases/hisqui d and
vapor. Refrigera : ! vapor
outlet 21. Thosquﬁ1 ﬁ%ﬁg{eh§§§?§%§ﬁ@&nﬁ}‘§gﬁ1?§g§§t§§2§ ({r%tgﬁgtk%é%?gr? {r}]ie%gf ant
vapor is delivered twling nedinor, eftentimesheater, eiteisshecomaporaws éd throvigh zm ihiegher
tenperature and pressure, vapgr, for .u in keeping wi.th the known
refrigeration cyclzz.a“gomﬂ _ﬁ‘?tﬁ‘ﬁ&ﬁ 1SV 3ﬁea{l]het P%‘ﬁ’é’ﬁe@e IH‘BeéVhfcéa‘?n_é?rSﬁmch are
described in greavsordet 8 in hesigivly Béafedddtaseid RNCersd SRANMEGedtddi 24 t he
shell 18 in ang sui t abl e manner. For exarrg]gg the tubes | Ga-c may be
supported by baf f ie thgphipsliaprhiag exrhpuzy ubes] Opss Svheraim the oeling medivgy ch
construction of a,fefLbLAR A (EMRRREIH Y.l ARgYN 7 : - i ng
medi um oftenti rreg watu«gr, enters Itﬁb(r%e vae|to‘IJi at or '1411{%hérh§gegﬁ{°glﬁn$ {r?fegﬁ'% 21 and
into an inlet reseasses thragh thhaibeotla-ngndredisubg tubkd ko enowtles rdsbyoir 27.

evaporator 14 in relatively heated state, is delijver fromthe reservoir
24 2 nto the i utlFrrgebr rolPE et sl hsedahtaiot T4 Tablr R PREtBor | ng
medi um gives up Thesd&airdiharytskil Wil dppr@iatethti e eddtpld Boodedevagbirhtbe t4

cool i ng nmedi um passes through the tubes | 0a-c and exits the tubes into an
outl et reservdlr 7but anecxapinle ohadetigsranh §Vinomteonm axyord different bypey af or 14

through an outl et ¢280radROFE kM w Pl PRi%dSKithd ¥ lncﬁgmgqgée gfpé)m&t ot Ne

exanpl e flooded evaporator 14 10 is but one exanple o er ant
evapor at or. Sever absodpticnesheliers, tapg ¢lose fempoyagpfadlingr Slmaapplikatons. dndillbe | | zed

in the field, incl.uding the. onat or .on,. abhsorpt.i chillers nd .t hose
ool oo ng T ai 11 e e SpbliEiaRASBPRBLE b AinfIRRAP HeP e BlasdftiRvenBB 48 1O

those of ordi nary apiKlidabletibahillei@ng eemporitors gersndliypand that P plesen hvention
chillers and evaporators generally, and that the present invention 15 is
not |imted tdsbrésrféPté‘f‘mieaﬁ%braF‘il@r.tyEe-i s an enl arged, broken away, plan view
of a representative tube 1}y Fi gis 3n ¥WhhGBd,| HrARnCRNE),IPhCHIST- §£CY | onal
view of a preferred tube 16, is readily considered intandemwth Fig. 2.
Referring first teprésientative tubpdOt fige 31 9higbfis aeenlarged atoss-sestiofad vevweher al | y

at 30, »and an | nn%eferted tube 16, is readily considered in tandem with Fig. 2. Referring first

to Fig. 2, the tube 10 defines an outer surface generally at 30, and an inner
20 surface generally at 35. The inner surface is preferably provided with a

plurality of ridges 38. Those of ordinary skill in the art will appreciate that the

inner tube surface may be smooth, or may have ridges and grooves, or may be

otherwise enhanced. Thus, it is to be understood that the presently disclosed

embodiment, while showing a plurality of ridges, is not limiting of the
25  invention.

Turning to the exemplary embodiment, ridges 38 on the inner
tube surface 35 have a pitch “p,” a width “b,” and a height “e,” each
determined as shown in Fig. 3. The pitch “p” defines the distance between
ridges 38. The height “e” defines the distance between a ceiling 39 of a ridge

30 38 and the innermost portion of the ridge 38. The width “b” is measured at
the uppermost, outside edges of the ridge 38 where contact is made with the

ceiling 39. A helix angle “6” is measured from the axis of the tube, as also

9



20 surface generally at 35. The inner surface is preferably provided with a
plurality of ridges 38. Those of ordinary skill in the art will appreciate
t hat t he wiomesssaibe surface may be sm)oth or may have r iPdgdassoam$sgr ooves,

or caont Iy di sci osSR0R0NRey TR BBl Bl 4 Bep Rdeer | o

not limting of timebe 12)5(of the@Rérmplary e]itHoﬂiﬂﬂ@t)tl@pfd@&iee»ﬁﬁm{eﬁEM rﬁ@@;ﬂ ARt ,
ri dges 38 on the inner be surface, 35 have a dth. "b," and

a height "e," eachPat (ﬂleetS%F Feipve e Peelstammingd Ifidée %Slght’l“ﬁ’éi Fﬂﬁcbé‘ﬁd &f?'allﬁélﬁﬁll nes
the distance betwgen préded@fmmedthelilngeRE QRB rEdetédBinelSRedstienBhi LARF

between a ceiling 39 of a ridge 30 3% and the I nner nost portion of the

ri dge 38. The wi divAtiedas fesirgdadeapendingaon atmetmym@pnlmtmn olfos extendeldés. of t he

ridge 38 where co S t il hel i x_an

nmeasured fromt he%ﬁeﬁ{sm&ﬁ ?E\ﬁﬁtﬂb \plt%%gaj ght) 3&@3?)%&8@%“%&??5@6@ 12551
indicated in Fig. aBa ré[ittu&:ly ]atgelpitchQO BE3 mnh)edrsltmwtlvﬁgtlarghhelimﬁ%ﬂe gury ace 35
of tube 10 (of t exe is provid with helical ridges
38, and that thesd® ng’g‘e%%ear% %ngEEPg))ersﬁliehté@I 10 a’@l@nﬁ%l Bhtheéh&rﬁﬂﬁfteﬁh and
are aligned at a Eff@&i@in@é BT the eutR e IThX f@RAHien oﬁﬂ@hlrﬂr%ggﬁﬂcmeH%cemems
nmeasurenents may be 5 varied as desired, depending on a particular

application. R8r é‘é(‘é(l%kéOWUOShOSGPﬁtO@HPafN@kIUBHWTQi@ regd Wt beedisclosgd in t qught
arelatively | ow BusReracli bird0Ghy adlisGold gﬂ%,eme' b Is2o98: RLLE,D- 893
inch) and a relatively lTarge heliXx ang 1 par anme

preferably sel ect edampieeﬂfaaru:s PhtenthHaI 31843,@5;2 ao thzafrf dr rmruiednélotdseat ube.
The formation of Sufi%i‘ eri sur.face enhancenent s well known to

t hose of ordinary™ qcﬂo fﬂmfa%@n A FOTFtRRE g OTFar ee YEEFMS  furt her

detail other than as discl Uﬁl%joﬁt@f euﬂacel 80 ioF the taes' e@qgrtyﬁ@my, fiiially
exanple, that U S Patent No. 3, 212 to Wther, Jr. et al. discloses a

nmet hod of for ddt i §Weotind Ty htamlbhe upderstpqd tab thesouterasistasn R rie dheseatier The
outer surface 30 Qffd d&@%BPQJ nded th rotVYd%'afCﬁlnla}ﬂ Af_rﬁx{s's%'thyu %Hgi?@é“asThus

it will be understoo e outer surface S therea ter ornmed or
enhanced to provi descaibpd tin adetdily hakinf inmgtiplo ddabcba\mry tucleatg boing esiteasss.

While the present invention is described in detail regarding dual cavity

nucleate pores, it is to be understood that the present invention includes heat

20 transfer tubes 10 having nucleate boiling sites 55 made with more than two
cavities. These sites 55, which are typically referred to as cavities or pores,
include openings 56 provided on the structure of the tube 10, generally on or
under the outer surface 30 of the tube. The openings 56 function as small
circulating systems which direct liquid refrigerant into a loop or channel,

25  thereby allowing contact of the refrigerant with a nucleation site. Openings of
this type are typically made by finning the tube, forming generally
longitudinal grooves or notches in the tips of the fins and then deforming the
outer surface to produce flattened areas on the tube surface but have channels
in the fin root areas.

30 Turning in greater detail to Figs. 2 and 3, outer surface 30 of
tube 10 is formed to have a plurality of fins 50 provided thereon. Fins 50 may

be formed using a conventional finning machine in a manner understood with
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described in detail herein, multiple dual-cavity nucleate boiling sites 55.
Wil e the present invention is described in detail regarding dual cavity
nucl eat e wore®g9sss is to be understood that the present i reantsosmssncl udes

heat 20 transfer Vi N0\ U o) Slt 55 nmade .wi nor e
than two caviti egé@fﬁﬁce%% Ibsllgt 1&% ‘Fj\iﬁéﬁsg g ’% 331? %{8’#}‘%6 EE%
cavities or pores numbacdﬂuﬂla)r@p&]meﬂgﬁpé&ﬁs ph @ﬁ!’d}ﬁﬁﬁhlﬁﬁbtﬁrh’% fabtosGls Wit e, t he

t ube 10, generall¥ on or under the ﬁuter surface 30 of the tube. The
openi ngs 56 f unct HBACEWUE $RPID. ¢ c APaarPRys <37e « BARntsthi & rerprapsiate degras d

refrigerant into gndr@Adht®ardsuRanhe! wbe2 ankinGEgy }ﬁ‘éf%ﬁmsy”%oﬁﬂt@aaa?tanognélge
refrigerant with a nucleation site. enings of this type are typically

made by finnind tkdativgse theftoberniy general |y | ongi t udi nal grooves or
notches in the tips of the hen t-he . out S eto
I{)%}s@ﬁ?&gq & Of egt%}f g‘%}?\ N9 $0¢ smﬁn Ei'égs il ? .

produce flattened areas on e surface ’have™C e fin
root areas. 30 Tuthd ﬁlglihg]digkeﬁdshroreﬂefo&hlmétﬂdHKDSDuQ:r aindacad 30Q1fttledftubblltcf ace 30
of tube 10 is fornmed_to ave l.Lity of fins 50 rowdedthereon Fi ns

50 may be forned 8 6§52 caméﬂftw&k flecpi HAPYRS FeiAnprls % Asrahateay the

understood with 1Ra€ls082 0F88RemBE TR/ 1S Fhs SET Mo Le légfferai?t No.
4,729, 155 to Cunninghamet al., for exanple. The nunber of arbors

utilized deperfls eWcwnierenfainaioat ther fuhg 19.achophowasin fitge 3stheefins Yhhateghput
e e Cand e HORRE wHah RN Bl BRTNALROATORER 57 EICHAERL 33 T 1N

t he tube, and eac S prefer nount e an an relati

tube axis. Descri b@chgmom)endgreecamﬁmosmuﬁade,sgmfch ﬁmcmmenmd%n@ﬁneﬂfand 8,
the finning disks]gl or deformngtal on the outer ug ce 3 Qf t he tube
to formfins 50, TRV BRREPEOPHRINS Yrgohe arBlicalinan ndihde g1t liutiagodn, ¢ he

channel s 52 are fgfeﬂa%db@h peentit haghtiioseth@en ANE aﬁ@tdEOEiﬁ&eg,%ﬂéra%Jréﬂérré@
circunferenti al out the tube 10. As shown in Fig. the fins 50 have a

hei ght, whi ch lfay coentof fing perdnel isbetyesn A e r GroBtis nttquwgirrsmodah@ﬁbﬁnm 52
(or a groove) andg hﬁﬁgcebgtee{&?g}odﬁwsa ﬁaﬁi fﬁr&cﬂér{ﬁelsﬁi s‘ﬁ%PuIE?rfg nuber

of fins 50 may vary upon t |cat|on ting, a
and 8.

After fin formation, the outer surface 57 of each fin 50 is

notched to provide a plurality of second channels 62. Such notching may be
20  performed using a notching disk (see reference in U.S. Patent No. 4,729,155

to Cunningham, for example). The second channels 62, which are positioned

at an angle relative to the first channels 20, interconnect therewith as shown in

Figs. 7 and 8. The notching operation described in U.S. Patent No. 5,697,430,

is one appropriate method for performing this notching operation so as to
25  define the second channels 62, and to form a plurality of notches 64.

After notching, the outer surface 57 of the fins 50 are flattened
or bent over by means of a compression disk (see reference in U.S. Patent No.
4,729,155 to Cunningham , for example). This step flattens or bends over the
top or heads of each fin, to create an appearance as shown, for example as in

30 Figs. 7 and 8. It is to be understood that the foregoing operations create a
plurality of pores 70 at the intersection of channels 52 and 62. These pores 70

define nucleate boiling sites and each defined by a pore size. More
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preferred range of fmheight is between .015 and .060 inches, and a
preferred 15 count of fins per inch is between 40 to 70. It is then to be
under st oowotlsagosshe finning operation produces a plurali tl’jCTlIfSO:E/ilZ’SSI

channel s 52, as s or on ut
surface 57 of eacﬁ)gwn a‘gléf rgémngtc egm? oogﬁlgw dém% Fturﬁa H%‘?nt"ig 8t 58 %d
channel s 62. Such dpelfaﬁhmftgm@’ml}e]hﬁnar?ﬁucﬂ%é&slﬁﬁgjcaﬁﬂng a notching disk (see

reference in U S. Patent No. 155 to n| ng for exanple). The
second channel s 62, which a’?‘ge‘pé%tfefl}“@n@ﬁ ﬁna?t ol ﬂ‘queorrl&nht’i‘c\?eag?@ Phe first

channel s 20, intergmAReSsd!. tmeli@m%% gpe@alo%f&% A ﬂ)rcé:!uﬂ@ss afid 304 Be f1dfhed

not chi ng operation described in Pat ent . 7,430, is one
appropri at e rret5hod'mf1tﬂadf’pé$ f DeradinsgSQ 47¢ Semior éﬁledd?}’cm@p]a&q asrio ebleast pansiallp 5

define the second ghgn ace%érfh@%]% a?ldftﬂér%)ggg rs@#qnﬁ%{vg?,oeldggt g?"qﬁ%s ?4 After

not chi ng, the outer sur the fins are over
by nmeans of a conbess®hdhe Herﬁlﬁn@é@emdeheﬁﬁnmechem6u $he Redoddiry Navitie¢t 7429, 155
to Cunni ngham, for Thi s p.flattens or g&s over the top or

heads of each fi npr?vdé%?egﬁg)ef”hr?r?pﬁ ﬂ‘@epré."s"a@hBW“l“eSf [exBIRPIoE &P 30

Figs. 7 and 8. It cbﬁvécﬁv@ﬁanblnﬂlﬂﬂ&h@ﬁ)%cﬁlﬂfgt. tTieusf QPoRQOTMGar@PRFAL] QRSthET eat e
a plurality of pores 70 at the intersection of channels 52 and 62. These

pores 70 defilfe Avfersegion aishanaly 53iand 82.aRechernst 7 bis seate bpemlg@@ﬁlechsmze
Mre 11 WO 03/ 08%?66 2EGH IS %@A&gfﬁ%?n R Vol g%rq{uc%an e&%%rfréxﬂ%ﬂl&g (fu I to

Fig. 3, this first f attenin eration

nucl eate boiling @atmpbay Tihe pefesred fehﬂ;bdmmnn@f thémre‘sernsmﬁéhtﬁ)naielfmbé e\do or
bent once again by a n o] I| per.ati rts.a force
across and over tﬁ%‘”leSat P%W@% C%VI*‘yI @réf{isse%%‘ T'Vhéa‘f‘fyng%owéfe}é PhARCed,
rolled by a tool Sp@rfaﬁn'{irﬁeafthlgﬁﬂ)%t partially cover the fin notches 64 and
t hereby form secondary boiling cavities 74 between the bent fins 50 and
the fin notchds 64. The secbhfddty thvs preferably nqiehed; e thexfirsh channgtse 82 above

the primary cavitigsecdfl tho RS Q0 fodifer) EPMUREL 6 3 MG RN RP1 11 nO-

Thus, pores 70 are forne he 10 intersectio
Each pore 70 has aupfaee Theawichig isvxicomplished using a root notching disk. While root
notches of a variety of shapes and sizes may be notched in the fin root area,
formation of root notches having a generally trapezoidal shape are preferable.
20 While any number of root notches may be formed around a circumference of
each groove 20, at least 20 to 100, preferably forty-seven (47), root notches
per circumference are recommended. Moreover, root notches 26 preferably
have a root notch depth of between 0.0005 inches to 0.005 inches and more
preferably .0028 inches.
25 Enhancements to both the inner surface 35 and the outer surface
30 of tube 10 increase the overall efficiency of the tube by increasing both the
outside (h,) and inside (h;) heat transfer coefficients and thereby the overall
heat transfer coefficient (U,), as well as reducing the total resistance to
transferring heat from one side to another side of the tube (Ry). The
30  parameters of the inner surface 35 of tube 10 enhance the inside heat transfer
coefficient (h;) by providing increased surface area against which the fluid

may contact and also permitting the fluid inside tube 10 to swirl as it traverses
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the size of the opening fromthe boiling or nucleation site from which
vapor escapes. The preferred enbodi nent of the present invention defines
two caviwoas/spss mary cavity 72 and secondary cavity 74, pofiashs/esiances

pertormnceof eyl Wiy ST CHRF ALt Bk TBL R o'

notches in the rootansfeticbmad. with ehd)@ineh kirghce S14aBQOMRidsSEREssutl fifbiderc@Ot

not chi ng di sk. Wil e ro%i{jr notches of a variety of shapes and sizes may be
notched in the fiHghioud egvideppupdgsirghle Brreagiin Hesses&somavi ng a general |y
trapezoi dal shape are prefe bl fer 28t WhicheaRY olttr Rl Qf may
be fornmed around a chcunferené%e%f eagh érooge 20,f%% ?%ggpw9%5§§ﬁ§oo,
preferably for®y- dending (aspposeddp throtraditéanal Jettenirig) ofi tecfirentefacilieate heat
reconmended. Mre r hes ref erabpl have a root notch depth
of between 0.00059¥ﬁéﬁ%ggﬁ%egg%%§rPﬁgﬁ%gﬁgﬁﬁm%ﬁk%%y6?@???5%F9“@H%?§“Fnches.
25 Enhancenent s t orabhsfeihcdefficiémiie). The foateotdies aivteakd theQire@hd Sufdcaara 030 of
tube 10 increase the oggrq%}.efficienc of the tube by increasing both the
outside (h(,) and RNRICGE I eavitics Pah e emmbgkel batlinghtites apdihelpkpaniict he
overal | heat traRgffe warkfasairedt dfWbfaceadnsidal fords whi@UelA%rd 6t !
resistance to transferr|n9 heat from one side to another 'si'de of the tube
(RT). The 30 p&ramindim bgiliagwhetgrie s magdddac Bind®ndingtradidts i fanitior ef ehe

i nsi de heat transfgg:. £-Cl : rovi di increased surface area
agai nst which the a? {llﬁlflgﬁ%%lfllggczgﬁ‘%ha%& e%tor?gxrg%sagl\( ge%)%%ts ’ttlloneg e e?ﬁ%’lﬁnﬂnﬁrﬁsi de
tube 10 to swirl asvikt 50 vhigr s@s serde toEa3Br O¥8RIGRaIFEERE LSER LATTedant tahe

| ength of tube 10., Th Wil flow tends to keep the fluid in good heat
transfer contact Wﬂgqlﬁ'@l?%‘gga@ﬁr"?tﬁlé 25 Oh A{MSIFoY ST BYRRIE &5cPRINE JFYBI ence

whi ch coul d provi de @éboﬂﬂﬁ?sé'a"vﬁ?'&) b GhQAS ! dnPERRA USRI/ AR1eaMObEBUST T OOt
not ching the outer surface 30 of the tube and 5 bendlng (as opposed to the
traditional fllatt dapsngingai hegbfley angd 1BMId vapor moxgraerti @uer the puisidt surfasn of he
exterior of the t d the Hner: . i h tansf.er
coefficient (ho). ltll?fg?dr% botAQngI?égﬁlggg? ﬁgﬁggsayﬁ ﬁlg%i)?{zegﬁéehgﬁés ur #Sé(%eg(gﬁg% of
coefficient is a function of both a nucleate boiling term and a convective

component. While the nucleate boiling term is usually contributing the most to
the heat transfer, the convective term is also important and can become
20  substantial in flooded refrigerant chillers.

Tube 10 of the present invention in respects outperforms the
tube disclosed in U.S. Patent No. 5,697,430 (designated as “T-BII® Tube” in
the subsequently-described tables and graphs), which is currently regarded as
the leading performer in evaporation performance among widely

25 commercialized tubes. In order to allow a comparison of the improved tube
10 of the present invention (designated as “New Tube” in the subsequently-
described tables and graphs) to the T-BIII® Tube, Table 1 is provided to

describe dimensional characteristics of the New Tube and T-BIII® Tube:
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the nucleate boiling cavities and the nunber of boiling sites and hel p keep

t he

posi tioned over
addi ti onal heat
i nt er-phase of a

by neans of convectign_an

e

ction_and/or nucleate

secC
|I|nn 15 dpnpndlnn

surface wetted as a result of surface tension forces which hel ps
pronote mMyoe3bBsthin filmboiling where it
in formation of an

i s needed. Fi nPogrubosygessesul ts
EIIIOHaI cavities (such as secondary cavity 74)

b

ansf er

por
ondary cavity 60
on heat fl ux

and |iqui d/ vapor |n{REEESIGNATIONe out5|de surface of the fube, As one
skilled in the art will appreciate, the dut-BideTBoi |ing coeN¢WdvBat is a
function of both |®Propoteatigmboi | 1 ng termanghapggpvective CPUBE EESHe Wil e
t he nucl eate boil Ilﬁq_[ﬁﬁélgérﬁlcﬂig)%l Y COMt[rjputing the most te—teat
transfer, the convectiv ermi's ‘al so |nportant and can become 20
substantlal in fl e—10—ef—+therpresent

i nvention in respgé)fté“e Iﬁiﬂlésrforns t he tutIgaIIﬁI%dél osed in U S1apgledn: No.

5,697, 430 (desi gr

lated—as
tabl es and graphd)FH atiie Height Gughednt | y r dg®lded as

in evaporation pqg
to all ow a conpar

(designated as "New Tube" in the subsequgntly- described ta

to the T-BIlI(r)
characteristics d

s . "T- BLJI(r\ Tube"

in the suhcpmmn

|l v-descri bhed

del v

t he Iea
5 commercialized t

02y per f or mer
ubes. I n order

irf or mance anong wi
iAnon Tofe @hiside dypeacifid@) t ub

éJnkhowof t he prese

ntnknowant i on
bl es and graphs)

BybdnsidaDlameler (inchpspvi de
f the New Tube and T-BII

ded describe din
[ (r) Tube: 13 WO O

egs2 onal
3/ 089865

PCT/ US03/ 12551
MJULTI PLE- START I N
PRODUCT NAME Tur K
Posture of Fins N

RBELK
TERNA

“H°G K TUBE DEST O

ST s O COP
I GNATI ON T- 131110

Eff4r'UBES HAVI'NG
' Tube New Tube

i

I‘6’516— I I s pPel I e

'Wﬁ;fi) 6048

Ngs = Number of Ridge Starts 34 44
1 = Lead (inches) 1.76 2.01
0 =Lead Angle of Ridge from |49 45
Axis (°)
b = Ridge Width Along Axis |.0265 .0184
(inches)
5
Table 2 compares the inside performance of the New Tube and
T-BIII Tube. Both tubes are compared at constant tube side water flow rate of
5 GPM and constant average water temperature of 50°F. Comparisons in
Table 2 are based on nominal 3/4 inch outside diameter tubes.
10
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FH = Fin Height (inches) .0215 .021 Ao = True Qutside Area (ft2/ft) Unknown
Unknown d; = Inside D aneter (inches) .645 .652 e = R dge Hei ght (inches)

. 016 . 0l4awop3smsss al Pitch of Ridge (inches) .0516 .0457 PpuRASe3/Mssber of
Ridge Starts 34 44 ‘%!.3 Lf:ad (inches) 1.76 2. 01 0 Lead Angl e of Ridge from
49 45 Axis () b = Ege Wdth Along Axis .0265 .0184 (inches) 5 Table 2
conpar es the i nsi TEBESHDE PERFORNIANGE NevARADTERISTITSBI | | Tube. Bot h
tubes are conpar ecOFRXPERIVENTALICOBPER TWBES HAvwGate of 5 GPM and

constant average NMAIIETIRISBTARTINTERNAGFRIBGING' i sons in Table 2 are
based on nom nagl 3/4 inch outside dianmeter tubes. 10 14 WO 03/ 089865

PCT/ US03/ 12551 ABLCE 2 TUBE SI'DE PERFORVANCE CHARARCTERISTICS OF
EXPERI MENTAL COPRER TUBES HAVI NG I\/ULTI F’I:[Egﬁjl'vf\ﬁﬂ'e \lﬁgﬁ%lbe Rl DA NG 5dT Bl Il
Tube New Tube u f 54~ 4—8—G—= | nsi de Heat
Transfer .075 O. C‘}'Y"I%bbeefcwagfyﬁ OC’(?%;@tSLr g(9Fr om Tek g7%esul ts)) fD =
Friction Fact or (Derecy)-0.0624 0.0623 Ape/ft = Pressure Drop per Foot
0.187 0.177 C; = Inside Heat Transfer |.075 0.077

Coefficient Constant (From Test

Results)

fp - Friction Factor (Darcy) 0.0624 0.0623

Ap./ft = Pressure Drop per Foot | 0.187 0.177

St./St, = Stanton Number Ratio | 2.52 2.59

(enhanced/Smooth)

Ap./Aps = Pressure Drop Ratio | 3.34 3.16

(Enhanced / Smooth)

n = (St/St) / (ApJAp) =|0.78 0.82

Efficiency index

The data illustrates the reduction in pressure drop and increase
in heat transfer efficiency achieved with the New Tube. As can be seen in
Table 2 and graphically illustrated in Fig. 11, the pressure drop ratio (Ap./Ap;)

10 relative to a smooth bore tube, at 5 GPM constant flow rate, for the New Tube
is approximately 5% less than for the T-BIII Tube. Also from Table 2 and
graphically illustrated in Fig. 10, one can see that the Stanton Number ratio
(St/St;) of the New Tube is approximately 2% higher than for the T-BIII®
Tube. The pressure drop and Stanton Number ratios can be combined into a

15  total ratio of heat transfer to pressure drop and is defined as the “efficiency
index” (m), which is a total measure of heat transfer to pressure drop
compared to a smooth bore tube. At 5 GPM, the efficiency index n for the
New Tube is .82 and for the T-BIII® Tube is .78, resulting in an
approximately 5% improvement with the New Tube, as graphically illustrated

20 in Fig. 9, at this GPM. At 7 GPM (usual operating condition), higher

percentage improvement would be obtained.

15



Ste/ Sts = Stanton Nunber Ratio 2.52 2.59 (enhanced/ Snooth) Ape/ Aps =
Pressure Drop Ratio 3.34 3.16 (Enhanced / Snooth) 11 = (Ste/Sts) /
(Ape/ Aps)we B/03869. 82 Efficiency index The data ill ustrates/usog1zseduct i on

in pressure drop and increag |enc W|th
the New Tube. As can be seen mbrb?nﬁﬁ}es;h ‘ngl%ggﬂl carty’ H%’rat 88Ci n
Fig. 11, the pressund ¢hedTHIlIRaTile. (’Hmeﬁlbmarebﬁgmééaﬂmgeaﬂd%aah Rphiatddpr €
tube, at 5 GPM constan deow te, for the New Tube é % ogl matelty 5%
| ess than for theSTEPERYSd @O0l istsTHigesHt FerppeatrepfyS gr BiFPt §pgnhei

illustrated in Fi Chelhterd®yv fafdlis 1618 dohdthnttah§ 338 BiPhe NBD®Ster @ Qrature
(Ste/Sts) of the New Tube is approxinmately 2% higher than for t T-Bl11(r)
Tube. The pres3ur és ghcbphai e aseepge Beat Kiwrifer all abpois héhlrﬂtHQO(bBﬁﬂlrrﬁathlnho a 15
total ratio of hegt f h
"efficiency index" (;(‘Jf%?§ &rﬁf edaegg?atld%t%gl% ég%geda§thﬁéeg§8%‘%§g%4eﬁc
pressure drop cowptr ethnatera ashbotehthb came twadlethiokineds. G?Mtesttdﬁereqfefrfomnedlcy
index g for the New Tube i.s .82 .and for the T-BlIl(r) Tube is .78,
resulting in an gﬁﬁ{l‘) &?Wl@rffeg%nlrﬁ?fpﬁﬁg?ﬂﬁ?@ﬁt with the New Tube, as
graphically illustrated 20 in Fig. 9, at this GPM At 7 GPM (usual

operati ng condi t'f,gﬁ hi gher percentage inprovenent woul d be obtained. 15
VO 03/ 089865 PET/TABEE13551 Table 3 conpares the outside perfornmances of

t he New Tube and @HILSIDEIANDOVERAE.L HﬁgBQMéW%CﬁWCfTEQISMﬁg Qihd each
is separately sUERBREBIMENTALpSKOPRERr JTUBERr HAVINGpMUL TIPS TART

depr ess Fahr enhei iNTERRALRIBDGING®wW rate is held constant at 5.3 ft/s and
the inlet water tenperature 5 is such that the average heat flux for all
tubes is held at {7000 Btu/hr ft2 which |is constant. |The tubed are nade of
copper material, |[have a nom nal 3/4 inchT-Blil €ubedi ampNew, Tubad (have the sane
wal | thickness. AN TeSTS AL,dIer T BhiiRg [ W L nout anyort—presgnt in the

refrigerant. Coefficient based on Nominal | 10,000 13,000
Outside Area

HFC-134A Refrigerant (Btu/hr
ft’ F)

U, = Overall Heat Transfer
Coefficient, Based on Nominal | 1,960 2,250
Outside Area in HFC-134a
Refrigerant (Btu/hr ft* F)

15
Fig. 11 is a graph comparing the overall heat transfer coefficient

U, in HFC-134a refrigerant at varying heat fluxes, Q/A,, for the New Tube

and T-BIII® Tube. At a 7,000 (Btwhr ft?) heat flux, the enhancement of the

New Tube over the T-BIII® Tube is 15% at a water flow rate of 5 GPM (also
20  shown in Table 3).

The foregoing is provided for the purpose of illustrating,
explaining and describing embodiments of the present invention. Further
modifications and adaptations to these embodiments will be apparent to those
skilled in the art and may be made without departing from the spirit of the

25 invention or the scope of the following claims. Moreover, the person of

ordinary skill in the art will appreciate that the present invention provides a fin
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10 TABLE 3 QUTSI DE AND OVERALL PERFORMANCE CHARACTERI STI CS OF EXPERI MENTAL
COPPER TUBES HAVI NG MULTI PLE- START | NTERNAL RIDA NG T-BI Il Tube New Tube
ho = AverwoasBsisks ng Coefficient based on Nom nal 10, 000 »8raG03/1%38t si de
Area HFC- 134A Ref ki ng . /[ ft2F at, Transf
Coefficient, Baseg’lﬁlf:')lﬁé %opnmég‘% Bﬁo?g%éh a% ,C %590‘83 esfedég}i&rrl%gﬁes hay itéole

Refri gerant (Bt u/ kavifiés, El)ch ds% driaf cavitd:. i&e@r@éﬁphvmw@fdvn@stsm Oufigaé | heat
transfer coefficient FC-134a refri ggrant ﬁt varyi ng heat . fl uxes,

QA ,, for the Nl BPOl &t i i @ry mriAdo cigptetherpergoAndaien POVides ameat
flux, the enhancefmpioved Iﬁah@facthﬁw%m%d%%nﬁlhg aI H\feﬂ)hegjc%pﬁxsfe% tdpe/0 at a

water flow rate of GPM (al so shown in Ta foregoing Is
provi ded for the Dt pgtheroseiafiongtor éﬂqrﬁgf Sucéb(@b%ﬁ i aw@om @dkﬁcrresmltngl

enbodi ment S of -t NGnPISESRecrbMV0L P FRIENT edl@HMeGALLORS 3fflus,

adaptations to thes e appar en 0sée fn the
art and may be nadiﬁegmngloamlada]um tanahgde{scrrmnohhef sipd rpréferdéd tehﬁoaﬁldnm/(ﬁnti on

or the scope of the | | ow clai ms.. Moreagver the persan of ordinary
oK 11 in the art Ryt fiy3ifiiis BtGST Bt ePRendiIRBR pr ovi des o f i n
16 WO 03/089865 PCT/ US03/ 12551 having a unique profile that creates

nucl eate boiling sites having nultiple cavities, such as a dual cavity.

The present idfention provides such a unique profile wthout shaving of f
any netal to create the pore, and then provides an

15
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i nproved manufacturing nethod of formng an inproved heat transfer tube. 5
Yet further, use of one or nore of such tubes in a flooded chiller results
in inprowed3pesst®r mance of the chiller in terns of heat tpcansb#u2ssThus,
the foregoing explanation and descripti the preferred enbodi nents in
exenplary, and the invention is set forth'in the appended clains. 10 15
17 WO 03/ 089865 POWWhatS®dlaimé&bik: CLAIMS What is clainmed is: 1. A heat
transfer tube suitable for use in a refrigerant 5 evaporator conprising:
an outer surface, said outer surface conprising a plurality of radially

outwardly extendi ng helical]fing Weither&REANGHS sBXILRNENGse gﬁgwggﬂ?ﬁg&acent
fins, said fins being grooved to define notches; at |east one nucl eate

boi ling pore i§ f@6YsROEIGRCOMMBISINED i ntersection of notch and a channel; the
fins being notched and bent S“CQntQﬁ£rqghﬁ%?”&n&'&ﬁm:Eﬂﬁﬁ?ac&ﬁgﬂﬂﬁé a
orlrng pores g pofres T hus

ext endi ng bet ween nei ghbori ng nucl eate , sa
defining a pri mar plunalgy efiradidly dutwardyeesitdndingdretical fms fwitiscHaundlh extetddingig bent

over so as to define a 15 secondary nucleate bpil]j cavity. 2. A nethod
of fabricating a @QFG?Féﬁg?gﬁP$ﬁ@d%@5Ea?%g“mﬁﬁﬁ?é%ggﬁﬁﬁg“?efrigerant and
an inner surface for contactingaalggpbngaﬁkuﬁmtgmﬁhgékgéﬁgqhﬁﬂmighqhgethod
conprising: 20 (a) forming a plurality of helical ridges on the inner side

of the tube; (B) fW¥erpqtignafpotah and a ghappeli adial |y outwardly extending fins
on the outer surface of the tubge fifd baRE GBAK SR Bkt 'sOGh 2t RE Q%I Bnd

primary nucl eate
form a channel extending between neighboring nucleate boiling pores, said

pores thus defining a primary nucleate boiling cavity; and
the fins further being bent over so as to define a

15 secondary nucleate boiling cavity.

2. A method of fabricating a heat transferring tube for
contacting a refrigerant and an inner surface for contacting a cool medium to
be refreshed, the method comprising:

20 (a)  forming a plurality of helical ridges on the inner
side of the tube;
(b) forming a plurality of radially outwardly
extending fins on the outer surface of the tube;
(¢)  notching said fins to provide a primary nucleate
25  boiling cavity by forming a plurality of first notches in a first direction and by
forming a plurality of second notches in a second direction; and
(d) bending over said fins to provide a second
primary nucleate boiling cavity in communication with said primary nucleate
boiling cavity,
30 wherein the process defines a nucleate boiling pre at the
intersection of said notches, said pore having a primary cavity and a

secondary cavity.
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25 boiling cavity by formng a plurality of first notches in a first
direction and by formng a plurality of second notches in a second

di recti omyvoandsqsdj bendi ng over said fins to provide a seeemdiSOpuissary

nucl eate boiling cavity in comunication with said primary nucl eate

boiling cavity, 30 wherein the process defines a nucleate boiling pre at
the intersection of said ribtcheg inpaividpefigerantvdvagbratof)icofiBfisingavi ty and a
secondary cavity. 18 WD 03/089865 PCT/ US03/12551 3. An inproved
refrigerant evaporator, conprisiiféla shell: a refrigerant contained within
said shell; and 5 at | east one heak Eﬁaﬁ{b%hﬁaﬁnehl:bhﬁuﬁ&n&%eﬂe%wth sai d shel |
and subrrerged in said refrigerant, sal d heat transfer tubé including at

| east one nucPeate boiling poret h:efoqqmpmgatatrqumm;c emiained witll szid skelbndar y
cavity. 10 19 and submerged in said refrigerant, said heat transfer tube including at least

one nucleate boiling pore defining a primary cavity and a secondary cavity.

10
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