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the Invention 5 This invention relates to nmufti-row heat excha g% d
in heating, ventilating and air conditioning systens. In particular) this
invention relates to a particular type of nufti-row heat exchange: and to
how this type of multi-row heat exchange is forned to It has hereof been
known to take a plurality of tubes and Lace them w th heat exchange fins
so as to produce a row of heat exchangg el ement ,This |acing process oven
be=ins with first inserting the ends of the tubes through holes in a tube
hol di ng dev{ 2 35S or { ybasyt hrough holes in the beet exchange
tins. The er e : 4 aH-y—i nserted t. thrmmmmm‘“lmummm t ube
hol di ng device. Tae thus |aced tubes are next subjected er
process wherein an e.pansion elenment Larne: than the inner &paseter or the
tunes is foRgtdryun®vEdhé Mivsigivoneach cube. The tubes expand so as to secure
t he heat exchange: fins and the tube hol di ng devices thereof ~o The
resulting row of heat exchange el enments may be subjected to several bending

operations so as to be transforned into a particul ar hear exchanger
confi gurati GHLY dRVERURTaTFINES JenEUETPg Daal exrhangsssiusednimdiesisgem The

bent row may al.so_be_j oined tq.several other bent ro of, .heat exchange

el enent to ¥8?%[|%Hngru?déf % %@gf‘“’e%%aﬁ%’é&‘r?sw tB}]épsarg ”\Q%r'bé@ﬁ RYBPT o

si mul t aneousliyJ3€@dda darieher e i - 0 to form
s particul a?é'ﬁggteﬁeigﬁange coh ?5u¥§?%ﬂma&e9?é§%0§;fﬁn§;gg§dfhgis of

whet her t he st giudriront harpxchimdey i9foshed)| t aneously, it is inportant

that each of the bent rows be aligned wi de respect to each other in the

ultimate nufti-row heat exchange This usually nmeans that the ends of the

rows, typically defined by the tube holding devices at each 5 epd. nust end
up in allpgnﬁféﬁtlsi%?f?‘ﬁéorﬁl ‘F"?Pat?‘éOWBfioi LSt ReERlIEK Ohdrpes pRd jlacsafisshj ect  of

this invention vi.de, races . formng pufti-row heat exchange

el enent s \/\he\?él?hg%%e‘&r"flgk' ?flerﬁ%s‘gsl ﬁ%gﬁ&ﬁ%- 8fmtu h%{rﬁ%e“\ﬁgr%ﬁ‘n‘g“d‘é\rl‘fs(:eé at
each end of ¢ |FULLI pbe-sso¥e@betid WRkI sl ol Tiredaad B e bipanot her

. obj ect of the ?nvenriggn to provi dé'nap\par at as v?hl’ti%fa o%%é rrﬂ#'%ﬁl -rocw heat
exchange el efienizit bolee ibos nete invldina ddvned bbast mxehange @osd idgaughi on

wi thout risk of msalignment or the tube holding device , Summary of the

| nvent i on Thzolabdy eheabeiicriBragbiiast sl encichl bgetibat oty naldy teserted present
invention by a process that .allows at |east fwo rows of best exchange

el ements't o ‘géo&lhﬁl fEEGuIRF b@ﬁt‘n%cfi"aéc“to #%‘F r{‘{lﬁmﬁ%’?éid“% 1§ DEat
exchange el egrpt.s.i flhn E QW .« BY i i The,..0
process inclu “e's?"ﬁrslloﬁ%fp}_é' _E‘:é'ﬁ%r‘egp(?u'b:é_s gwg?’ﬁ%xeggﬂr{s%{ %l‘éfq?éehr[efr%?gT‘engt hs.
The shorter #rRAGhR ihpdegiamdier BE dus Gthek s aBrditivem ol oV idfoudatacBxahange

el ements whereas the loner |ength tubes will bé used in an outer row of
heat exchang®helmbentespadd saceorasacerawitichhedieetaimaepei dims drdde dionmgmr | engt h
tubes of the outer row are inserted into a first tube hol ding device These
| onger | engt Roldimededfes HIes3Ci nserted i nto the hubs of many heat exchange

fins so as to formthe outer row of heat exchange el enents. The second or
i nner row of heat exchange elenent is nowto formed b v

The resultung row of heat exchange elements mav be subjected to several
g o4 ) d|

bending operations so as o be transf;)rmed into a particular heat
exchanger configuration tor a héating, ventilating and air conditioning
svstem. The bent row may also be joined to several other bent rows of
35 heat exchange elements to torm a mulu-row heat exchanger. It has also
been known to simultaneously bend a number of rows of heat exchange

elements so as to form a parucular heat exchanger contiguration.
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16 MAY 200z ' lacing the shorter length tubes with heat exchanger'sfhw.mz
The resulting inner row of heat exchange elenents is next positioned
relative to the previously formed outer row of heat exchange el enents. In
accordance with the invention, a set of end portions of the tubes in the
inner row are 5 carefully positioned at a predefined distance with respect
to a set of end portions of the tubes in the outer row The predefined
di stance is calculated to be the tonal dlstance that-the set of end
portions of the tubes in the inner roww Il nove relative to the set of end
portions of tRw@atdlBesof Whieliferatt @OwiQite BYhI arAElvOSsiBRAGINBGuIPEN 3L | ons.
The tubes of the io inner and outer rows prefer ably next receive a second
t ube hol di ng inporneat dEhieachatttae tenbeowslbeiabignde widevespes: iceah vkt as the
| aced heat exchange firs are now secured to the tubes of both rows. The
first tube hdhdhagulgiswite enpuli-50¥ohgHedhanger. sddus agually theanst thae the only
the tubes or the outer row of .heat exch e.elenents..is- The inner and
outer rows off¥Eet @?cﬁ%‘ﬁ@‘eQ@‘%ﬁ@%@%lﬁ?‘g%gfoweswfe@?ﬁgbugt GeRICER AL gachyy
bendi ng operatj,o : i : S i taneously
bent. Thi waﬁnldg@bsg‘}'géqug{a?{?%%rg%lﬁéﬂ gﬁgﬁ%eg{err&ﬁ?ﬁﬁ%%regtv‘ eé‘?gg&changer
configuration. The final bead of the two rows of heat exchange el enents
Will result in the previously positioned end portions of the tubes in the
i nner row novit igai wbfeca of | thist inteniiem tngrovide herocesstior Goaningl Muhjrelevi ce
originally nounted to the |onger length tubes in the outer row of heat
exchange el enias sSXChRBgR RieHERES SisTon ihige riskinel misplignment of ether aibky be
protected by the.tube .holding,device previopsly securely =s nounted to only
the outer rov@‘gsmtg Vé‘?e*‘]"ffeeagﬂd"é’df%rr dn%lﬁlpt{?’iﬂx@ﬁ’ib%n&&hlﬁilﬁtﬁ?l&ffﬂﬁﬁﬂof heat

exchange el enents may al so include securing a connecting bracket between
the first and second tube hol di ng devi ces. ~s. MY ~z In the preferred
erbodi ment, t hejsCoMIBEL bBgdRr AT ket ibehiBs ot p@vidd ahpandusenand fiuke
hol di ng devi ces conpl etes” a three hundred-si:ct<r degree heat exchanger
confi gur at i onmiifre-rpwelicer radhamdeodlements tal oformet udesa Farnl ihew exdhyngdraped
tubes within each row of heat exchange elenments. The s tubes are U shaped
Wi th hairpin EQHIEURHOR N QU HasheRf B caERpr pEisgubpdiodhiag glsrtdzsns t hat
are positioned at the predefined distance with respect to each ocher. Brief
Description of the Drawings to OQther objects and advantages of the present

inventi onl_y\,i I g Wﬂ*tﬁ@tlnt/é%n the follow ng detailed description in
conj uncti on drawings in which is Figure 1 illustrates
the insertion of aTgetatoielhithanRd JHIRRS haYEHIGvARLER At (eNdsedepi 0 a
ni bs hol ding device: Figure ? illustrates the outer and inhner rows of tubes
wi th heat exchmrgeannfbhns pooesedhtihetlons mokhisi onedraved aifi veattexchange ot her
so as to receive a ?0 second tube hol ding devices _ .
elements 1o be simultneously bent so as to form aligned rows of heat
exchange elements in a mult-row heat exchanger coafiguration. The
30 process pesferabr: includes using U-shaped wbes of at least two different
lengths. The shorter length twbes will be used in an inner row of heat
exchange elements whereas the longer length rubes will be used in an
outer row of heat exchange elements. In accordance with the invention.

the longer length tubes of the outer row are inserted into a first tube

23 holding device. These longer length wbes are also inserted into the holes
of many heat exchanger fins so as to form the outer row ot heat exchange
elements. The second or inner row of heat exchange elements is now

tormed by



' Figure 3 illustrates the relative positions of the hairpin turn eﬂngﬂfﬁfe
"tubes in Figure ? . =s Figure 4 illustrates the multiply rows of

exchange el enent of Figure being turned by a roller so as wformthe first
curvature in the multiply row heat exchanger configuration 1 6 MAY 2002 5
Figure 5 illustrates the relative novenent of the inner and outer rows of
fin coils resulting fromthe bending operation of Figure 4; Figure 6
illustrates the final beading o f the gultiple cow heat exchanger s
configuation wherein the hairpin turn ends of the tubes in the inner row of

heat exchange; gl i i ko the, first tub
ot di ng. deviese Bond kBl B4 FRAOHAN SR bl STk iment o

the hai rpi nphef ol oMk Aixchifod WRGfedd kheediPRitdRY pdlafieatioexghange
el ements with respect to the hairpin turn ends of the tubes in he outer row

of heat excpmvgmusty domned ol mw i hdne dxedshde elepenad.i da adcortignoee 6:
Figure 8 illustrates the position ot the hairpin turn ends o f the tubes o
f the a i nneithride iovetion, sefheiherd ppoainmst ofbehuhes ine tHeelngienwbwears ot i n
the first tubegg?l di n dgxi ce; and _Figure 9 is an illustration of a

connect ihg FHEEEILEPFGIOPET R PErdefiped didanes Hilyresmesicsacet ieendnner and

outer rows i ihs. sGription of thePreferred.Enbodi nent
Ref erri ng tggﬁidgngr §?1€h§; ﬂ"obgsi)gl Q‘&é__&tﬁﬂcf%ﬂr hihepgf%‘%ﬁ?‘ﬁfln fs?ﬁ “eftds at one
end have begmchnS&! tleithé QoPlUBRardd dat HREsA A Hdupsiedns of @e chBes tube 'S -
hol di ng devices 16 includes extension is and 2U which enend outwardly from
a back port imrthoindehaotuivéll bl rejadey ie ehdsati sfgediopesidaserfethe dibes
recieving the tubes) The: extensions 18 and ?0 extand outwardly beyond the
‘hai rpi n turin ghgisower raw: denipgsvarmusibending operationses d iex 8818si ©hsher event
9 6 MAY 2Q1111 6 %ng i nadvert ent ?ont act with the hai réo'hn dt.ur ends thst
m ght otifie: 1AR§TARd Outer rows pre erably next receive a second tube holding device.

This larter tube hoiding device as well as the laced heat exchange fins are

now secured to the tubes of both rows. The tirst ube holding device is

also preferablv secured at this time to only the tubes of the outer row of

heat exchange elements.

The inner and outer rows of heat exchange elements are now subjectad to
a series of bending operations whereby the inner and outer rows are
simultaneously bent. This will produce a particularly shaped multiple row
heat exchanger configuration. The tinal bend of the two rows of heat
20  exchange elements will result in the previously positioned end portions of
the tubes in the inner row moving into a slotted opening in the first tube
holding device originally mounted to the longer length tubes in the outer
row of heat exchange elements. The end portions of the inner row will
preferably be protected by the wbe holding device previously securely
25 mounted to only the outer row of tubes. The thus formed multiple row
configuration of heat exchange elements mayv also include securing a

connecting bracket.between the first and second tube holding devices.



.occur. The tubes 1U, 1? and 1T are also inserted into the holes of a |arUe
nunber of heat exchange fins such as ?'?. The resulting row of tubeggwiih2e2
heat e;cchange fins nounted thereon ~~~ill be he:einafter referred to as a
5 ‘rowof fin coils". This rowof fin coils is ideatihed as fin coil row 24
in Fi?ure 2. Referring to Figure 2, it is to be noted that a second row ?6
of fin coils is positioned un top of the tmcoil row' '-c. The second row
?6 of fin coils is to forned by lacin? a set of tubes 28, 30 ,and 3'' also

having hairpin turn . ends ~.vith heat exchun~ e tins. The tubes'?3) ::U
and — " wi th GroprettiaE Smbpdimens e LasBsciag PR&KF: Detues the drsiats. 4 { ube

the cubes 1 65-03d b iRint A5uRed BoBYERPE Y bR iR IRl hagy) o

~ ' ta>; ~S okph thACCeHRfighMgiohaCt THAl plefdi& T Gbodinfed !also‘“iﬁélhﬁése Ly
be::une the 1nner"row of "a nufti-row heat exchanger conrigur:~tTun that has
a certai n nyabesulufly 3eRsd arbeluvittsini dackastv ¢ieagkxéhdngeodibgendherow 24
will ultimtely becone the outer cow of this nufti-row heat e:~chan er

confi gur at i anbes-are, U-shaped witehairpinaumsiin wedéshapedhends cahprsing tthe hai r pi n
turn ends of the fin coil rows ., ' : and 26 wLll_ npve relative to each
other. Theseodi POGISIRS B AIespesiiErad ?b&%ﬁ"ﬁ#%’é‘eq fisrance, Witk esece ke hanUer
conti~uration..In order to auc:onmudate this nmu~~~nent, a thin sheet of |ow
friction mat¥ PAYU%:~ i s places! on tin coil ro~L~ ?~ before tin coil row
26 is positioned thereover. ,; Rcturrin~ to Fi'_urC =, the hairpin turn
ends ur thr ~~~ils ' S =() and ~' _ are seen to be positioned at a distance

"Du" from theripaDreptApdced Bf P rofiidie tubs 10. 1? and 1~ ThC di stance "Du"
is the difference between the 9 6 NMAY 2002 7 lea ~ttis of the tubes 10)

1? and 19 and the lea ths of the tubes 28) 30 and 3?. As will be expl ai ned
her ei nafter t he di stance "' Do" represents the distance _that the hairpin
turn ends of 23l‘-tl*t‘e' PRI ABH IENIBBRES PEWSEPTREEI WyeRIeR Il Pe 3PP hairpin
turn ends of _the tubes .in fin ¢oil row 2~- duri.nQ the 5.bending
operations. BOfer ﬁ.t}%g?cgl O\ﬁnﬁurgg‘i‘}e{ hge%“ﬁe%%élnd? c%oqlﬁgcf?fbeé”%,m—go and 3?
of the top fi Lok viassWekdpias: the open ends of the tubes 10, 1? and
14 of the ti !rll(ﬁ:cogﬁ)l?inr\(l)I\E/)‘VjNg%‘Fi @ES\?EOEI% a tube holdtaa dzvice .:6. Tlzis
device prefe: ably to includes extensions 38 and ~0 simlar to the
extensions 18 and ?0 of the tube hol din~7 device 16. Tile tube hoidinv
de~rice 16 frgutieel mhbrseraias; theudesstionl afsa sercdt Esshapedinebesshifvang beopinvi r. ~T
t he open ends of all of the tubs in both rows of tin coils. The thus
i nse: t ea end$UigFeqdsiino 3 gy JPIAInEde'ER% t hr ough these holes for a ss~rt
di stance and will preferably be in 15 substantial al'iUnnent due to the
| caUt hs of the tubes in eacli rocv. The assenbled and all<~ned tin coil
rows ?~' antiguf » NEhHEHEI tfbEUPanAUndEN roWde Y] 68 0N B Bx Mt OW
preferably be Subjected to expander =

fins mounted thereon positioned relative to each other so as to receive a

20 second tube holding device:
Figure 3 illustrates the relative positions ot the hairpin turn ends of the

tubes in Figure 2:

25 Figure 4 illustrates the muldiple rows of heat exchange elements of Figure
2 being turned by a roller so as  torm the first curvature in the multiple

row heat exchanger configuration;



devices. In this re~~srd, expander devices |arger than the inner dianeters
of the tubs in each tin coil roww Il be forced into the straight parg MaRs2002
of these tubes so as to expand the dianeters of these straight portions a;
~;ainst the perinmeters of the holes in the tube hol ding devices 16 and ~6
as well as in the host e~cchsn~, 7~r tins. The thus expanded tubes w ||
securely fasten the tube hUdi ng devices and hest erchan~er tins in the
respntivC p~>5itions ~stablishcd in Fi S=ore ?. R~terrin~~ to Fi_~ure .~
the mufti-r~ tin coil cunti~.:uratiun ut Fi~~ur~ ? is sli~vn undCr~~~in_ s
first bendi higwpey diusoratesThe rajftve mowmenn ofahe inner snd/RYte20Ossof
coati~Turation i,s preferably L%OSItloned on.a fiat platen 46 so that the
trailing pofi@eilsgesyiHagfHem; beheoding epaArpLied At Fig#gt4:on havi ng the bracket
16 at its end |lies substantially flat on the platen 46 durin all bendin
ope:ations. Aroller 43 sinultaneously turns both the outer fin coil rowb5

24 and the Eogs £1iluGicks FWER ot OF R HgoReldp ol | onal

shapi ng pl ate® orma curved arc or ferring igure 5,
the fin goi lohfWeradthnaRHerSn ah€ HABSM t@mbendiest HeYwdRs 3NN dfindNRIwt 8. The
ave: age radius oOf curvature of the cute: fmcoil row 26 will be Rl whereas
t he aver age ofamtansxchamger eermens fmovée hetoi arlengthivisec eidt inothewditst thbeto R ' .
Tlie beading of the cute: row 2-'' and the inner row ?6 by the angul ar
amount 6 wi MOlIRgAEVIGs hairpin turn cads of the tubes in the inne:Wn c:ni
row ' _'ti to rmve closer to the hairpin turn ends of the tubes in the ttn
cc~ii row' bv~ an amount ":~" . Tiiis particular amou® t ".~" ~~~ il

be e: | ual tq:t,t]fe ¢i {f erepgRyl U'xe(va ﬁ‘s?ﬁ%mgf CSHYAIHE & @fd@ﬁ%&‘??@ rruI t| ol i ed

respect to the centerlines of e respe I VE I OWS tmc

times thg andds ¢f @b (GB&sSTAHY Qme*'rBWOM hef ex0Biflfe clefedi@yilheraspequt ed by
the followin~ forrmula: A - (RL ') 6 ~o The above conputation means

that the di sbateehiiriinberneedst @E Lthamlmsnmt trenoerdsoof of Heaceiktsanm the tin
cull rows ?~ and 26 following the bendin T o eratlon of I=iure .~ will be
as foll ows: eclempats foflgwang thy serdipg @ﬁﬁﬂdé@i% BRUEA&t tit~ nufti-rc~wtin
oc~il cc~nti~uration ~ill be subjc:ct~d t s~~~rrsl further be:ndi n~~

upe: ratins. Each successive brndi n~~ 1 s- MAY zooz 9 operation wll

def e & Par ki 4 UABKLE BrobosHMA LR ihichy RESPERts SOuk/\npabt bRl ar

bend. The dis “ance a| rpin tur e tubes
13 inper row of heat e*(ch:mge elemears within the lengthwise slot in the first

tube holding device: and

Figure 9 is an illustration of a connecting piece being joined to the tbe

holding devices of the inner and outer rows of fin coils.

Description of the Preferred Embodiment

Referring to Figure 1. wbes 10, 12 and 14 having hairpin turn ends at one
end have been inserted into holes in a wbe holding device 16. The tube
25 holding device 16 includes extensions 18 and 20 which extend outwardly
trom a back portion of the tbe holding device having holes therein for
recetving the tbes. The extensions 18 and 20 extend outwardly bevond

the hairpin turn ends of the tubes 10, 12 and 14. These extensions prevent



.in the tubes in the fin coil row 26 will nove relative to the hairpin turn
ends of the tubes in the hairpin row'_'4 wll again be in accordancegwAyh2em
5 the aforenentioned cal culation of the differential distance "A". Each
subsequent bend will produce a new di stance "Dn" be~.ve~a hairpin turn ends
of the two rows that is equal to the previous distance Da-1 reduced by the

particular diffe:ential distance "A" faor the liven bend: - Y to Referring
now to Figure 6. the final bending opefacion for the fin coil rows ' '~ and
?6 is illustrate . It is to be' ' noced that the |~ai.~in fur ends of the

t ubes in thenyiipadyirfent gontact with i pairpinetupk egde bl mught otherwised ¢’ . oser
to the hair, int. n ends i i as s result of

f the t in the t | =-"
the previ ou8cBadil§ BPE !a@ 6?151%‘11']#2%{5"1 ﬂg%(ﬁ?ﬁ%rﬁelg\r/]w&f{hs Wlﬁ Ol 3URISF the
final a bendin ?%ﬁgh%ét_@echofnsg't%y&cﬁ’asr%ugge'ﬁg?tgaﬁg Qg{v_r(gn)é @R%sui“aggnds of

the tubes ~84T NOVI g 1Nt 0 a Sl ott i

hoi di N~T deey| cRcildhoe THAS rfb@ib@dnbobe RREDENLERateeaklraNyRsin Figure
1 and is se}iaea% g%? nc gSde a flantge 54 | ocat ed aroun& t he ﬁee\ﬁ;i pglagn’%irdqof t he

sl orted Bol eroWhef Shebilet. Milie row dfctmteis atideadfied hefih adilstrewckt above the
holes in the bracket ''0 16 receiving the tubes 10) 1? and 14 so as to

recei ve the Higiirp2n turn ends of the tubes ?8, ~0 and 3'_'. Referring to
Figure 6. it is to be noted that the trailing,; portion of the multi-row
fin coil configuration is fully supported by the platen 46 durin~_= the

final bending_ operati arh ™ S; e.r ' ment,_of the

hai rpin tur gﬁg‘etﬁcpf‘éna#é ﬁ%l%u‘b'eg%gy[Dgf%&%ﬁgmig_se“ﬁﬁg&y%t%y@Poctotuéds hol e ~~
occ: urs undef i bf e HRQot RwEol! THRWS- 36 oF fRYediRGs P! at en
-16. Y $EFRW"‘§ elds?kpgy Ref eerri n\9= t(\) Fi ~}Lr ?7?6??8?5 osgterqlhtcﬁgl[gq? he

hai rpi n {our nfefd b lhdiagtaibes o28hb&UZANG03thdWEL lalfabevingyvRairpint ural | gnent
with the hairpin turn eads of the |ower -set of tubes 10, 1? and 1~. at the
end of the femdd witbdunhgxdpasatiinen. Treeukissi%i®eand avayiddnasy howe  eri r pi n
tu-in ends of the cojls 23, 30 gnd 3? ill. be the symmtion , of the

cal cul at ed db%‘t’faﬁ'é\“e"s?mgd\gy, ‘DfSSFtega%EW ¢ \é\gé‘%lii\r”é EHF- oft LE RO 2SBw fi n

coil confisupation. This djst e .l t ISt e, 5D’ ,» Weea the
hairpin tur nB%‘a%gDeo? &uﬁetot%b%l;%?%ﬁ 1\téltﬁé’!hf Prﬁmcgl!%l gl_rbgﬁ\gﬂf?ana%d?ggi nV@iegure 2.
to Re:erring t%@r: NReabHPB1 bl @AY BeVEGaAnd6;2 ek SndyCal@uRetRd tidkahad he

e: ct easi oas and " 70 will protest the hairpin tura ends of the tube s

_ . ~t) iandde 'roivn 26uwill tdiemmmete bevonas thddninai egpivnof W mdidswothetihe pubes
10. 1''_ and 1= are protected. R-:errin~_=to Fi~ure 3, the slotted hole

~' ' in the lBraginger CDRIIZYTVION GIFL| RiSentCehgin-nimied Mlepeadst Of GURS M nit t he
hai rpin cures cads a of th& tqgﬁs 28, .- g a}nd ::htcbo‘easilh):/| nmove into this
openi n?. It C8CR OWLTENHFRE at'd PR tHE HBMSFSHCESOTA LhOUETFOHRR! hol e

~ " will be af g ~RQ { { ations chat may occur in the
presentation tgﬂ‘s @ng h%?rhgir“né{!%ﬁl@é%ﬁg&gg%r@éé'ubes ?3) ~U and 32 during the
final beading operation. .o Referring to Figure 9, the resultingly forned
mufti-row fin coil contiQuration is illustrated. It is to be seen that the
successi v@ bergiwiy mpexgitinedsinodetpibderdinaer, Ithe haspiranenpemiductedieain
particul ar heat exchgnUer contj~~uration wherein the tube hol ding devices
16 and 36 ar ecqdt rawy e ApAAG V14 ey relpdy e eldty e eacieast HEY COIASOVE wel |
known in the art. the .~ open ends of the tubes contained wtflln the tubC
hol di n; devi 0‘563%”5#% tﬂr~m~r"ﬁﬁlrl:f“\llﬂléf)%‘ﬁ@_é:tlQﬁf@éﬂgﬁ‘afﬁbﬁlﬂurﬁﬂ?ﬂ' I ~o~1;<f&§ Quch as
~0 which are gu%hﬁﬁgdit@%%t thovBrienP! &1 il sheP R BW Yction e 34082
Referrin? to Figure 9) a connectin, plate ~3 has been s~cured to the tube
hol di ng devi cgiacdboartth 86l rdwel£bativestinneoiptat 868 positlonet thedeheemposi ti ons
of the tube hol ding devices relative to each other and will furthe:znore
add structural support to the entire nmufti-rowtin coil coatzguratioa. This
S particular fin coil nfiguration may be used.in a .nugper of heating,
veztiiation ahﬁ“e{ﬁ“‘:c[&ﬁ?f#i‘f At ﬂlj' gg’/‘é?‘é‘n%“\hﬁ&??%%‘fﬁ “‘?‘E’ ggsi’@a?ﬁ‘fie"t B%have
the heat a ;c subst@acthhal by u SAHT . {ailv
di stributing gﬁ?‘{}gﬁhﬁ%ggﬁ%ﬁfsucon@%u@at Pé)n%é&ﬂ‘% @3&9‘{.@% E?&S_B?giﬁm hiie
the inventiongitas teen dedcldoeThwidiluanef emrnces b difféhes ;Roveen the



-~?1 boC: LTTI ~~t, it will be unde:stood by those sl::Ilell in the art hi'rt
V:~r:ous caan~Jes m-.:~r be made the: eto wirhout d~oar<in~7 ti om {l M§Y2m2
:ope of the invention. For e:cam-l~, the nunbe- of rows oc hr. coifs that
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The assembled and aligned fin coil rows 24 and 26 including the tbe
holdihg devices 16 and 36 will now preferably be subjected to expander
devices. In this regard. expander devices larger than the inner diameters
20 of the tubes in each fin coil row will be forced into the straight portions of
these tubes so as to expand the diameters of these straight portions against
the perimeters of the holes in the tbe holding devices 16 and 36 as well
as in the heat exchanger fins. The thus expanded tubes will securely
fasten the tube holding devices and heat exchanger tins in the respective

15 positons established in Figure 2

Referring to Figure 4. the multi-row fin coil configuration of Figure 2 is

shown undergoing a first bending operation. The multi-row fin coil
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= (R1-R2)8
20
The above computation means that the distance D1 berwesn the hairpin
rurn ends of the coils in the fin coil rows 24 and 26 following the bending
operation of Figure 4 will be as follows:
3 Dl = Do-A

[t is to be appreciated that the multi-row fin coil contiguration will be

subjected to several further bending operations. Each successive bending
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20 16 receiving the tbes 10, 12 and 14 so as to receive the hairpin turn ends
of the tubes 28, 30 and 32. Referring to Figure 6. it is to be noted thart the
trailing portion of the multi-row fin coil configuration is fully supported
by the platen 46 during the final bending operation. This assures that the
relative movement of the hairpin turn ends of the tbes 28, 30 and 32 into

25 the slotwed hole 52 occurs under tull support of the fin coil rows 24 and 26

by the platen 46.
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conprises: gpd 1+ are protected. Referring to Figure 8. the sloted hole 52 in the

bracket 16 is of sufficient leagth and height to permit the hairpin tura ends

,.4
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of the tubes 28, 30 and 32 to easily move into this opening. It is to be
appreciated that the tolerances in the sloued hole 52 will be a tunction of
the potential variations that may occur in the presentation of the hairpin

turn’ends of the tubes 23, 30 and 32 during the final beading operation.

20 Referring to Figure 9, the resultingly formed multi-row fin coil
configuration is illustrated. It is to be seen that the successive bending
operations of the fin coil rows have produced a particular heat exchanger
configuration wherein the wbe holding devices 16 and 36 are at a
relatively short distance trom each other. As is well known in the art, the

25 open eads of the mbes contained within the tube holding device 36 are
normally connected by hairpin wrn loops such as 56 which are braised

thereto in a braising operation.
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insert into appropriate slotted openings in the installed bracket on the outer
row of fin colis. It is also to be appreciated that the tubes need not have
hairpin turn ends at one end. In this regard. the invention would work
equally well with for instance straight tubes that are interconnected swith
20  tor instance braised hairpin wrn loops or other shaped loops after having
been formed into a muld-row fin coil configuration in accordance with the
invention. [t is also to be appreciated that the resulting multiple row fin
cotl configuration may assume any number of ultimate shapes. For the
above reasons. it is theretore intended that the invention not be limited to

25 che particular embodiment disclosed. but that the invention include all

embodiments falling within the scope of the claims hereinafter set torth.
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exchange elemeants;
inserting a second set of shorter length U-shuped tubes
10 through holes in a plurality of heat exchange tins so as to form a second
row ot heat exchange elements;
positioning the second row of heat exchange elements with
respect w the first row of heat exchange elements whereby a ser of end
portions of the shorter length U-shaped mbes are at a predetined distance
13 rrom a corresponding set ot ead portions of the U-shaped tubes in the tirst
row of heat exchange elements:
inserung a second tube holding device onto the U-shaped
tubes in both the first and second row of heat exchange elements:
securing the heat exchange tins and the second wbe holding
20 device o the U-shaped tubes in the first and second rows of heat exchange
elements:
securing the first tube holding device to only the U-shaped
tubes tn the first row ot heat exchange elements; and
bending the tirst and second rows of heat exchange elements
13 at least once whereby the set of end portions of the U-shuped tubes in the
second row ot heat exchanger elements moves closer to the corresponding
set of end portions of the U-shaped tubes in the first row of heat exchange

elements during each bending operation and wherein the set of end



. 1000 10908 ()--{[[*"?~_@" 109F& ()-! FL@ 10% " & ()-M #9! 1094 T& () -

, &$10907& () -
10967& ()- !;°

10967& ()-~yY0a?~ @1,2 ! 1094 T& ()-. $1090& () -. $10907&

10T 10T 10T7109%& ()-5F100& () -~~7}A?bCLO%& () - 10%&' ()-y@O% () -
f10%&' ()-! %L 10%&' ()-!sL 10%v& ()-7VadEbC

109 () - (10%: ()-' 10%&: () - y#&LO0%& ()-!" 10% ()- &LO0% ()-

W~ @ 109& ()-' S10%& ()- 10 10

1096- 109%& () - ! §93M 10%& ().~ . 109%& () - O{ dE~_ @@ 109%& () - @.10%& () -
109& ()-, S 1wEoQy -of hpoke-stpoed 1 r)'Lut@jEw@i NPTORE fyat ¢i‘d%ﬂf

109%& () - LM 10%& 109& BB @AL0YE( 0%& () -
LT e ML%oq&ep i U Gr St P

ymLOY&! ()

* 1098 (
10&8310%&' ()
XIgI|IIIH'"
fs10%&' () -

- £ 109%& () -

iy

20

B 490 5200 oo A0 -

WY(M

3+s! 109&' ()-f &$Z109F& ()-: 0t ~bCl, 109%&’ ()-y10%& ()- " 310%&' () -

109& ()-"": ##($Ws%a?VK@ L' ! 109%& () - 10%&' ()-16 &L0%& ()-y109%& ()
S109& ()- YX9BAR] & dEVK@f, 109%& ()-:*M 109%& ()- ' MLOY& ()- Y%
1098 ()-#10%& ()- L'!1D9%& (The' p@ickés Of( ¢laimbl! whesdis: tp- wial #ftance

raversed during all bending operations by the set of end portions of L-
shaped tubes in the second row of heat exchange elements is equal tw the
predetined distances by which the set of end portions of the shorwer length
U-shuped tubes in the second row are from the corresponding set of end
portions of the U-shaped wbes in the first row of heat exchange elements
during said step of positioning the second row of heat exchangz ziements

with respect to the first row ot hieat exchange elements.

3. The procass of claim 1 whersin said step of bending
the first and second rows of the heat c:.'\'change elements further comprises:
positioning the first and second rows of heat exchange
elements on a platen so that the first rube holding device secured to oniv
the U-shaped tubes in the first row ot heat exchange elemeants is supported

by the platen during each bending operation.

4. The process of claim | wherein said step of bending

the first and second rows ot heat exchange elements comprises the step of:

positioning the first and second rows of heat exchange
elements on a platen so that the platen supports the first and second rows
of heat exchange elements tor a substantal distance during the tinal
bending operation whereby the first wbe holding device secured to only
the U-shuped tubes in che tirst row of hear exchange elemencs is tully

supported by the platen as the set of end portions of the U-shaped wbes in
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s~ positioning the second row of heat exchange elements with respect to the

first row of heat exchange elemeats comprises the step of:

‘ providing a shest of low friction material berween the first
and second rows of heat exchange c¢lements wherebv the ser of end
portions of the U-shaped tubes in the second row of heat exchange

o elements may move relatve to the corresponding end portions of the L-

shaped tubes in the first row of heat exchange elements.

0. The process of claim | wherein meibesinaomed-ina
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Srapa— e tRe—Anesa the sers of end portions of tasss the U-shuped |
tubes positoned at the predefined distance with respect to each other

include hairpin turns defining the U-shape of the U-shaped wbes.

20 7. The process of claim 6 wherein the first tube holding
device includes projections extending ourwardly trom a poruon of the tube
holding device having the predetined holes therein for receiving the first
set of U-shaped tubes and wherein said step of inserting a first set of U-
shaped tubes into the predetined holes comprises the step of:

23 inserting the first set of U-shaped tubes into the first tbe
holding device untl the hawrpin turn ends of these tubes are covered by the

outwardly extending projections of the first tube holding device.
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of U- shaged tubes therein, said second set of U-shaped tubes having first

end portions which freely extend through a sloted opeaing in the device
tor holding the first end portions of the first set of U-shaped tubes in place
1o relative to each other; and ' ‘

a holding device. secured-to second end portions of said first
set of U-shaped wbes and furthermore secured to second end poruons of
said second set of U-shaped wbes. whereby the second end portions of
both said first set of U-shaped tubes and said second set ot U-shaped tubes

i are held rigidly in place with respect to each other.

9. hie heat exchanger apparatus of claim § wherein said’
first and second sets of heat exchange elements are the outer and inner
rows respectively ot said heat exchanger apparatus and wherein the length

20 alony the centerline of the outer row of heat exchange elements is greater
than the length along the centerline of the inner row of heac exchange
elements. said first and second rows of heat exchange elements each
having at least one curved arc wherein the curved arc length of the
centerline of said tirst row of heat exchange elements is greater than the

13 curved arc length of the centerline of said second row of heat exchange

elements.
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5 positons of the first end portions of the first set of U-shaped wbes relative
to each other. said bracket furthermore containing the slotted opening for

receiving the first end portions of the second set of U-shaped tubes.

11.  The heat exchanger apparatus of claim 10 wherein
10 said bracket further comprises:

2 of extensions extending outwardly trem a back portion
of the bracket to a point bevend the tirst end portions of both of the first
and second sets of U-shaped wbes so a5 o protect the first end poruons of
the first set of U-shaped wbes held securelv therein and the first end
portions of the second set of U-shaped wpes fresly extending through said

stotted opening in said bracke:.

12, The heat exchanger apparatus of claim 8 wherein said

bracke: furthermore comprises a tlanged edge around the circumference of

20 said slotred opening so as to present a flat contacting surtace to said first
end portions of the second set of wbes in the event of any contact

therewich.

13 The heat exchanger apparatus of claim § wherein said
33 second holding device secured to second end pordons of said tirst set of
U-shaped wbes and turthermore secured t second end portions of said

second set of U-shaped tubes comprises.
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said bracker having holes therein for defining the relative positions of the

second end portions of both said first and second sets of U-shaped mubes
relative to each other turther comprises:

T a ser of extensions extending ourwardly froml a portion of

10 said bracker to a point bevond the second end portons of the first and

second set of U-shuped tubes being held rigidly in place with respect w

each other. —

13, The hear exchanger apparatus of claim S wherein sasd
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end portions of said first set of U-shaped tbes and the first end portions

of the second set of U-shaped tubes include hairpin murns.



