; e3enj L<46] THT4 Background of the Invention s This invention relates to
mufti-row heat exchangers used in heating) ventilating and air conditioning
systens. In particular, this invention relates to a particular type of
mufti-row heat exchanger and to how this type of nufti-r nger
is formed. It has heretofore been known to take a plural melﬂmmmmmg@and
| ace them with heat exchange fins so to. produce a row of h@&% ,exchange
el enents. This |lacing process often bZGi ns with first inserting ¥he ends of
t he tubes thr Ol,’lﬁ[h hol.es in _a tube holding device before passing the tubes

t hr ough hoMYLH-ROW HEATEXSHANGER "The ends of themmmﬂmmu i nal |y
inserted is through a second tube hol ding device. The th mmmmLS are
next subjected to an expander process wherein an expansi on ekg&gent | arger
than the i i ubes is forcibly noved through each tube.
The tubes g)%gfé%lgﬂ@g%a@@gﬁgéeﬁ(}ﬁor&e t he heat exchanger fins and the tube

hol di ng devices thereto. 20 The resulting row of heat exchange el enents nmay
be subjected to several bending operations so as to be transfornmed into a
parti cubar Theatineseidgelateondi gifieitroan Heat exchefddreusadens i hadiingg and air
conditioning system The bent row may al so be joined to several Other bent
rows of 2svhpalatiagcmahger elomdimdmEng osyiseems.a dnfparticolar helis Bwehdoger . |t
has al so been known to sinmultaneously bend a nunmber of rows of heat
exchange erelatast® &gagdcular typpencd rpuﬁbr@wlmat rexghanges andger hownthigur at i on.
REPLACEI ~Hv- 1 Q\EN ~.~f -~~D 0{1! ‘- .,-~,~Jo 2~ ~-c~c~C ~.~/ O s~~0~ 2
Regar dl ess t¥te QhByuldrovpreat sxshapeer is formedhar at el y or simul taneously, it is
i nportant that each of the bent rows be aligned with respect to each ot her
inthe ultimate nufti-row heat exchanger. This usually nmeans that the ends

of the,pong, h&é’@ji P&bf&e%égn Wi tbhﬁk&“i)m@'t‘ﬁlligjr ggv cﬁsa,@ GRS 18le B S end,

nmust end up I'n alignnent in the ultimte eat exchanger. It is an
obj ect of Ghishédtxichh®ie Fifls BOQAYit0Hradics esw &Oheat @kBhalheeléfenfsow heat
exchange el enents wherein the risk of msalignnment of the tube hol ding

devi ces dt Téws otmgl podcashefran begihe widwdirsd ifserntingotesends of thentubes. 10 |t
i's anot her object of the invention to provide apparatus which allows

mufti - row Hesughxelahde aehdeehekling dewiceobefore ipasuing the fabeshdupuglkchanger
configuration withouyt risk of msaljgnnent of the tube hol ding devices. is
Sunmary of heks mﬁ@@ﬁlﬂ‘%ﬁx g80%e gﬂ‘& @ﬁﬁé’% tBij%té‘?Ssaré’trgn%B’h ¢88d accor di ng

to thelg) re%h%%hgh a second tube holding device. The thus laced tubes are next

subjected to an expander process wherein an expansion element larger
than the inner diameter of the tubes is forcibly moved through each tube.
The tubes expand so as to secure the heat exchanger fins and the tube
holding devices thereto.
20
The resulting row of heat exchange elements may be subjected to several
bending operations so as to be transfé)rmed into a particular heat
exchanger configuration for a héating, ventilating and air conditioning
system. The bent row may also be joined to several other bent rows of
25 heat exchange elements to form a multi-row heat exchanger. It has also
been known to simultaneously bend a number of rows of heat exchange

elements so as to form a particular heat exchanger configuration.



invention by a process that allows at |east two rows ofRBBRACEKENINSRHEET

el ements to be simultaneously bent so as to form al i gngglerwoss of hgg;/og/pcoc
exchange el enents in a nufti-row heat exchanger configuration. The 20
process preferably using U shaped tubes of at |east two different—fll—élftﬁ’ﬁ
The shorter length tubes will be used in an inner row of heat exchange
el ements whereas the |onger length tubes will be used in an outer row of
heat exchange el enments. In accordance with the invention, the |onger |ength

These | ongertdekien phaetrabE b8t 4B iRalatiiint HESHBRulRel R (R ear
exchanger {11580, Lok §DDANYEHANRhISRIn HATRRYS SLETRhS. The

second or inner ro eat exchange el enmen s now forned i ng

the shorter i},efgt itinkdeSmmd-PoReRéatcdechangar. fTH1§-usﬁﬁﬂ%/r1?1§th§ ItReL {Haner row
of heat exchange elenents is next positioned relative to the previously

f or med out erendevofotheheaw s exglieditye defiase ritys thel ubecholdigg devides hatt &uweh
invention) a set of end portions of the tubes in the inner row are s
careful | ¥ paesidt inrst ¢ndtupainpaligionentda the sitimate milthrowdpat exelmngeset of end
portions of the tubes in the outer row The predefined distance is
calculated to be the total distance that the set of end portions of the

tubes in thz i.nnerbrowgiﬂl .nove.relative,to the sgt 8f er}kdghlgl%itions of the
tubes in thdtSURROLIEHOHISHEYFHIT L PIAYILS APTogRsS 4O doyemt HBeY of the
1o inner an ter a Xy, AT [ t ube.,hol di.ng

devi ce. Thi gleggteﬁ(gpaﬁ%%ﬁérg{a@[%ng)hggé\}:ﬁc@ea;ﬁgg/e f@gﬁ?@ﬂggcég tIklgahﬂ)&(change
fins are nOwWGEGH@idA dihach WhaSrthe MAlitplettvs difinldofistis btfiEnfRldi Ng
device is also pfeferably secured at this'time to only the tubes of the
outer royw of heat exchange el enents. 1s The inner and outer rows of heat
exchange el enents are now subjected to a series of bending operations

wher eby t he It iseanodrat objeet of e mvensdmid tproemies hypdrants. whilicts alioms pr oduce

a particularly shaped multiple row' heat exchanger configuration. The
final bend dghultheow hsat exghapee iedements teberaryged dntordke fingl hgatiexchangar i n t he

previously positioned en ortjons of .the tubes in the j.nner row noving
into a slot tc@étlgﬁéﬁ{l%wﬂfgoﬁh@s* io?gmsg%gnw&qﬁtﬁe “@&/E@’éf”&% AgYic8$1 y mount ed
to the longer length tubes in the outer row of heat exchange el enents. The
end portions of the inner roww |l preferably be protected by the tube

hol di ng devi b vegfidhel Yy zs mounted to only the outer row of
t ubes. 'Ilhe t%%e%mﬁe row configuration of heat exchange el enents
may al so incl ude BREHbONY afd GIREEEHjedB Areahaivedeicvdedingh® fher siesemd second
t ube hol di ng devi ces. 4 In the preferred enbodi ment, the connecting
bracket bet vimeentidie blyi a sproaesh seat caltbwailae least divog rdesi cedeaprptiedips a t hree
hundr ed-si xty degree heat exchanger configuration. The preferred enbodi nent

al so i ncl udederpantsi Gubarsipuitaageusly isas sei i ferphalignedoroweanf bsathange

el ements. The lsl tubes are U shaped .with hairgiﬁ\ turns ifn t he U—sh[aped ends
conpri si ng te¥ghange elements in a multi-row heat eXchanger configuration. he

20 process preferably includes using U-shaped tubes of at least two different

o>

lengths. The shorter length tubes will be used in an inner row of heat
exchange elements whereas the longer length tubes will be used in an
outer row of heat exchange elements. In accordance with the invention,
the longer length tbes of the outer row are inserted into a first tube
25 holding device. These longer length tubes are also inserted into the holes
of many heat exchanger fins so as to form the outer row of heat exchange
elements. The second or inner row of heat exchange elements iS now

formed by



end portions that are positioned at the predefined distance with respect to
each other. Brief Description of the Drawings io Qther objects and

advant ages of the present invention will be apparent fromthe foll ow ng
detail ed description in conjunction with the acconpanying drawi ngs in
which: is Figure 1 illustrates the insertion of a set of U shaped tubes
havi ng hairpin turn ends into a tube | ding device; Figure 2 illustrates
the outer and inner rows of tubes with heat exchanger fins nmounted thereon
positioned,relative.to each other so. to receive 20 ,second t.ube hol di ng
devi ce; Fi (AfBE ANF Shotter Jeng eﬁéfgﬁﬁvatﬁﬁgh@%ﬁﬁslﬁﬁ t he€ AESHHENG turn

ends of th i Logur 7S 4 ] he.multiple rows of
heat excha(z%lréé{jejfeneﬁﬁ El egl? eg?%alﬂgé Eleg%“% 1% Jfre#eg)%%b%gﬁﬁo{ql@‘%‘géé atgeto form
the first efd h |t Q@lﬁfng r | Lon; 5
Figure 5 |PFI§J‘§? ?gl efsdr?lﬁg ?%tlggtrib%bﬁg\%gﬁr,rvgnt 0 e?ﬂgﬁﬁggﬁérqgnr%bgu aZﬁrckrows of
fmcoils resith the éhviehtioh! Bsecben@ndporHenab @ie aibesiiuhe ifhe @i rage 6
illustrates the final bending of the nmultiple row heat exchanger s

conf i gusat icarefuligrpisitidrted #taa rpredefinednd Btaise ok ith respacbas a sett b ehdner row
of heat exchange el enents nove into a lengthwise slot in the first tube

hol di ng deposdonsiafuthe tubes andideapiisd voww i Theiredefimeyd tdigants ganent of

he hai r pi d h b [ he i f h h
o1 erront o wileiaed de e e AE iR ebihe Sdet 6hd PRB iAo RS out er

f heat ) I ts fallow he bendi t] f Fi 6;
o OF 0ok SE DA, ST v ShaBYE B hESe S T BoRREHELE BB RheS Sure S
the is inngi devte 84 dBHABMETR BERILE dBdritiond. Nerhe @b bEGne! O 11

the first tube I ng devic
10  inner and outer rows preferably next receive a second tube holding device.

This latter tube holding device as well as the laced heat exchange fins are
now secured to the tubes of both rows. The first tube holding device is
also preferably secured at this time to only the tubes of the outer row of
heat exchange elements.

15
The inner and outer rows of heat exchange elements are now subjected 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 final 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 tube holding device previously securely

25  mounted to only the outer row of tubes. The thus formed multiple row
configuration of heat exchange elements may also include securing a

connecting bracket between the first and second tube holding devices.



Figure 9 is an illustration of a connecting piece being joined to the tube
hol di ng devices of the inner and outer rows of fin coils. 20 Description of
the Preferred Enbodi nent Referring to Figure 1, tubes 10, 12 and 14 having
hairpin turn ends at one end have been inserted into holes in a tube
hol di ng device 16. The tube 2s hol ding device 16 includes extensions 18 and
20 which extend outwardly froma back‘portion of the tube hol ding device
havi ng hol es therein for receiving the tubes. The extensions 18 and 20

of the tubes 10, 12 and 14.

t end t dly b d the hairpin t d
CXLEN0 U e BRI DSl PR L CrE Ol e et 10, doy g 10
ds that m ght, oth i . The.tub 10, .12 d .14 I i ted
onds that, gh BICTAEE RESEs cBPBIBED SouRe RO RS Bhsid B oot
[ ti it b t i t, ill b
esul 19 ot UGB, engeld e, S SHRL! O%

i's identifi qﬁi@lﬂaﬂy h&sid tibRY vathih Rabh $hColheat eRBASAIZE denteRisT gHES 2. it

is to be noted that a second row 26 of fin coils Is positioned on top of
the finscoithbesawed-shaped satohdrpiavmafs iof theiU-shapddsends é&nﬁﬂéiﬁﬁ%@y I aci ng
a set of tubes 28, 30 and 32 al so having hairpin turn ends with heat
exchange f iend.portions tletsarg fosfpmeddatthevpredefingd distaneeewith raspecheen
initially inserted into a tube hol ding device. The tubes will also have
been cut t 2eh &t er | ength than the tubes 10, 12 and 14. The shorter

| ength of the tubes 28, 30 and 32 takes into account the fact that is the
row 26 will ultimtely becone the inner row of a nmufti-row heat exchanger

confi gurat igén Eﬁat Qgs rtain . er of bends or turns in each row of
fin coils. T %fﬁﬁlﬁéa&a.g.y beconme the outer row of this

muf t i -rlgw heat exchanger configuration. 20 As will be explained in detail
hereinarter, the hairpin turn ends of the fin coil rows 24 and 26 will nove
relative t @e@atobpdierand Theamtides 6Oithe povsenarigvérivin Wallf B¢ Mppagentuf ti - row
heat exchanger configuration. I'n order to acconmpdate this novenment, a thin
sheet of | dvorfirithei dollowieg i detatlédi sdgstepeadn onnf iconpoictionovwith kthéore fin
"coil row 26 is positioned thereover. 25 Referring to Figure 3, the hairpin
turn ends @tcempaepingsirawingsoinaibicB2 are seen to be positioned at a

di stance "Do" fromthe hairpin turn ends of the tubes 10, 12 and 14. The

di stance "Do" is the difference between the | engt hs of the tubes 10, 12

and 14 and 4.he | engths of .the tubes 28, 30 32. i | 1. be expl ai ned
her ei ndft e ,lgv’f“r‘e?dﬂgin%‘é%“‘fw‘se Lels%lr %é@ﬁ?gof ﬁfelglmpgflatﬁﬁg%ﬂ\élpgﬁf?éqﬁgi rpin
turn ends ' Wi GOy AW 26 Wi ll nove relative to the hairpin
turn ends g{m{ Eﬁds{u (gg tlbﬁeplbirllhggpkv{cgw 24 during the s bendi ng operations.
Referring to Figure 2, the open ends of the tubes 28, 30 and 32 of the top
fin coil row 26 as well as the open ends of the tubes 10, 12 and 14 of the
fin coil rdgark 2dlestvaes thebetehaindi mger eows of 36besTwvith Iitaviexehqugeter ably to
i ncludes extensions 38 and 40 simlar to the extensions 18 and 20 of the

t ube hol di Hipsdmpusted dergore posibiongd|ralagiyedovgash Gber §ptaseiontecgivendl udes

hol es such as 4 nd .for receiving the open ends of all of the tubes in
20 second2 tu%e hodlﬁmg device; g P

Figure 3 illustrates the relative positions of the hairpin turn ends of the

tubes in Figure 2;

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

row heat exchanger configuration;



both rows of fin coils. The thus inserted ends of the tubes will extend

t hrough these holes for a short distance and will preferably . be inis
substantial alignment due to the |Iengths of the tubes in each row. The
assenbl ed and aligned fin coil rows 24 and 26 including the tube hol ding
devices 16 and 36 will now preferably be subjected to expander devices. In
this regard, expander devices larger than the inner dianmeters 20 of the
tubes in each fin coil roww Il be forted into the straight portions of

t hese tubes so as to expand the dianeters of these straight portions

agai nst t h&'igure pdllustgates theselagvemoyemert ofithe weriangd auor cews 1 and 36
as well as dn t.he heat excha r fins. The, thuys_.expanded tubes w |

securel y ff&%‘rﬁﬁ‘éuﬁmgeéﬁm %@% oreratiog c#‘Zl?::l‘gugédghanger fins in the
respective 2s positions established in Figure 2. Referring to Figure 4, the
mufti-row fin coil configuration of Figure 2 is shown undergoing a first
bendi ng opet;atioa.; Tk - W TN ote]l J i i ferably
o1 1 oned ARnte”;ILANEREY che fl Beniibf che AARPIC Rtk Mol bk

muf ti-rew fcbﬁﬁgetdtio@lowheﬂsiﬁ&he muim'r@ﬁ; Ehds Bf @tk ffbedGnahelihfieCfGw! | €S
substantially Tlat on the platen 46 during all bending operations. A roller
48 si nmul t amddieslt \exchamge blenerthanowt dntof anengihwisowia d4drenfirstheabenner fin
coil row 26 in the direction defined by directional shaping plate 50 so as
to forma doldisg dgviceor bend. Referring to Figure 5, the fin coil rows 24
and 26 are seen to be bent by an angul ar amobunt 8. The average radi us of
curvature of the outer fin coil row 26 wll be Rl whereas the average

di f e f he . fin. caoi i1l b R2.. The bendi
of the out EEVE 25 % AGeARE YIRREMhi5g' by’ dikaens AlomeChdinia B5m 1| cause
P the ou N ' _ _ _ !
ol oser 1Po tAAS R GERDE i B8 {pHeEob e Ry R8fingq efiftnts SR 3ptg, "0y
amount " A’ ¢q tﬁ@itfahgir%(étthﬁ&”eﬁﬂs%}“ﬂi&ttdb& it the KReCIIR! of ek Bxdnogr €nce in

radi uses of curvat as neasured wth respect to the is centerlines of the

respect i ve efeaientd followirgoihlesbetidling ppedionhiofeBighie6angl e 8 of curvature. In
ot her words, "A" may be conputed by the followng formula: A- (R1 - R2) 8
zo The above conputation neans that the distance D between the hairpin

turn ends of the coils in the fin cail rows, 24 and 26 follow ng the bending
oper ati on dfigwiegd ildusirajgy thepposidon of thgbairpm w1n endg of the tybestqs the

iated that th fti- fi il nf i tion will.b bj ected t
cover allof LTS TGS GURIEr SEne RO EdERBurtphiR TSHEer at i on_
will defi n%ﬁ@e gﬁ%géﬁk?aﬁe 8 of curvature with respect to the

end. |

particul ar stance by which the hairpin turn ends of the tubes
in the tubes in the fin coil row 26 will nove relative to the hairpin turn
ends of the tubes in the hairpin row 24 will again be in accordance with s

the af or endign@nedscal llisatation of atdoaneétiige piti linglijoinedce the'beEach
subsequent bend will produce a new di stance "Dn" between hairpin turn ends
of the two hobdingtdeaices fdhe amnarandheutpr eows 0§ fidi xtikince Dn- 1 reduced by the
particular differential distance "A" for the given bend. io Referring now
to Figdle 6, the final bending operation for the fin coil rows 24 and 26 is
illustrate lt. i.s t epno ed t]ga t.he hairpin turn ends of the tubes in
the fin coirfs 1 i ! g&ﬁ-’gggﬂﬁ-@iy noved closer to the hairpin
turn ends of the tubes in the fin coil 24 as a result of the previous
bendi ng operations. The fin coil row 26 will, during the final is bending
operation Qiefgtrﬂdgﬁ) Bigur8ulthbé10 he2 Bad rp Ravikg 'haﬁpﬁ?uﬁh drfdg alt \dgs 28, 30
and 32 noving into a slotted hole 52 in the tubé hofding device 16. The

sl ot t ed holegddpsiei been msettedrihy Hblewrinian tfbegholdink device sl6sedhet mbencl ude a
flange 54 | ocated around the periphery of the slotted hole. The slotted
hol e i 25| odmididg ateviee 16 dneludesliextemsiomsatfbard t20ewhidheextend tdwswbrdiyk et

from a back portion of the tube holding device having holes therein for

receiving the tubes. The extensions 18 and 20 extend outwardly beyond

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



20 16 receiving the tubes 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
that the trailing portion of the mufti-row fin coil configuration is fully
supported by the platen 46 during the final bending operation. This assures
that the relative novenent of the hairpin turn ends of the tubes 28, 30 and
32 into 2s the slotted hole 52 occurs under full support of the fin coi
rows 24 and 26 by the platen 46. 10 Referring to Figure 7, it is seen
that the hairpin turn ends of the tubes 28, 30 and 32 wl | have moved into
al i gnnent AYhinag¥erant poRfact, withe thes hé*@i’héml"oﬁﬂds deat wight elberwde 12 and

%3: ?L: L“?S?q%"gﬁéi “’{blﬁgqbo Posti P SBE AR Beredd e Bt BORS & eLgSSnbgf‘Pﬁe
Coi | cont 1 Japdt ot TRenr eRobardd HESGLI ?fgf‘“ﬁ% rssEneRtov 48 s k" e
hai rpin tun H&a@@qéhmgtet ﬁﬁs txﬂeeﬁtearmtera%nfmqsé heRifa et AIFErred d;bnzhfhgure 2.

io Referring to the tube holding device 16, it Is to be note at the

ext ensi gns “kBwasfifid@oits!| THiotrewtof fie cbils ipidentified agiscoil idwe2uuypes 28, 30
and 32 in nuch the sane way as the hairpin turn ends of the tubes 10, 12
and 14 are Kigute2ted. Referring to Figure 8, the slotted hole 52 in the
bracket 16 is of sufficient length and height to permt the hairpin turn
ends is of the tubes 28, 30 and 32 to easily nove into this opening. It is

?En?t:. on ofk qfﬁg‘iﬁgﬁ& i8R 2.Fi5d DR gorsth srfa?réys%'see%row?z‘”é ﬁ@%@r” nxsgte. on of
! !
operat on. Pestehel i i o 18, 8 PER 5B, 22° AR nfBnfithbrdh hEGim el is w1 '

coi | copfigy i lugke l4g i 80t4H40 u ssive
bendi nglraoperzgl?]Ee g@’ l?mh%a ?%tnafzgﬁﬁesr%%vsg a@g g%o ucegogfgpg%%uﬁﬁﬁ heat
exchanger cQukivgidi AbhogkcMaageifihst MEhd tites DY, @,Ormldiwwqﬁsﬂowhaaev@ﬁ are at a
relatively short distance fromeach other. As is well known in the art, the

2s open endmvefbechdnitiablgsinsenddimed bt Hioldinpelevidee The dutrgy widlalse 36 are

normal |y connected by hairpin turn Io%as such as 56 which are braised

t heret o i n havier b¢an gyt éper shover length enethmmi@es dOri Buraado]4a ddgnecting

pl ate 58 has been secured to the tube Qg 2 devices 16 and_ 36. The

connect i ng SHOEEE lerethiof thej tibeh 28y A St Yo 1agseuRoth fagt dhali ces

rel ative to,each er. an furtherpore add str tura pprt to the

nt re. it RS rENy £ Sar Rtisgel BPRomE et crofh ot b el m&? B4t

configurati b t air
éXen er gorﬁéﬂahgn AUERET eért{)l‘fiaﬁlkrﬂgﬁ% égrqdh nd@ (510 qﬁl

condi tioning Sy rern | IS de5|ra hea exchange

el ement s Sté%hafaw af fivt coHlk! Ontdraw 2AUk P uftihateBdb&ddnye BieShutePebw g ai r
through this configuration. to While the invention has been described with
reference tthismultbrewrleat entlodigeeconfigaraniohl be understood by those skilled
in the art that various changes may be nmade thereto w thout departing from
the scope of the invention. For exanple the nunber of rows of fin coils
that are to be subjected to s essi ve aendln Qperati ons, ma glude nor e

than tw fifhsivallchs explgied tPn tallj hegeinatter rPélﬁ %Hbﬁﬂ@%egéf& ¥We inner

| d I h |led b k
on-t he- out S Biyb Rl Ro i e Sl €l BRTRER, BrdoA b BTN e t bbos.
need not hayg ﬁlﬁtrtB'for?l B ARG 1A Rfhmobl chRIiBufaERR' IIn biger @vent i on

woul d wor k ‘equa or I nstance straig es t at are

inter Conneoi&@rrﬁhédmta%fsofndv@ﬁie%ﬂc@ thirdkkh&d dralogwiffictioh Mmh@eiap 3ar jsot her
shaped | oops after having been formed into a mufti-row fin coi

confi gur at i placécdhondoocoidnow 24 béford éini coikerdaw @9. is Ipositonal shereovere
appreciated that the resulting multiple. row fin coil configuration may
assune Zy nunber of ultinmate shapes. Fox the above reasons, it is

therefore ipntended that the i.nventi.on not be linmte artlcular
herefore | Lenied LAL,LDS, Laventlion nol, e Lt Lol 59 23 hepart

falling witlld % S69RGpeLat ReFhR™PBCIFABThEHaiiTh LhAL bhks of Eﬁe f LACE
CLAI M5 1 AtulBE:E’Cl‘%)Ssli %dfflf M Pl Yidthhde “PRW Exeéhte S?Y?é‘réﬁ&e'beﬁﬁ’é@?{ 'tt?é ”9 the
steps of: s inserting a first set of U shaped tubes into predefined holes
within a first tube holding device and further inserting the U shaped tubes

through a plurality of heat exchange fins so as to forma first row of heat
exchange el enents;




inserting a second set of shorter length U-sha ed tubes to through holes in
a plurality of heat exchange fins so as to forma second row of heat
exchange el enents; positioning the second row of heat exchange el enents
with respect to the first row of heat exchange el ements whereby a set of
end portions of the shorter |ength U shaped tubes are at a predefined

di stance is froma correspondi ng set o; end portions of the U shaped tubes
inthe first row of heat exchange el enents; inserting a second tube hol di ng

exehange. cligiit of el A P abdd wnitigeehs ns T aibiobesbhadt ube.
hol di 2 [ . . [ fi d d f
noat exchande. Aot b SaplRRa RS e, Jabit R, TBFRES GO0 V' e
Fi Tt ana Seeamy el e bl B e O Ry o e, 26 Il s ey

the set of reRgveabtthetigin i thaNopat 1B ifih ¢4 r6RCIPAuERY @k heat
exchanger el enments noves closer to the correspondi ng set of end portions of

t he U-shap&eéndingesperatioie first row of heat exchange el enents during each
bendi ng operation and wherein the set of end ~~~~C~I~C-~-- ~~C~~ ~'~'" ~[
L~?~ OV ,'" .2~IL ~~20UC .~~/U~~ZbO~-. 13 portions of the U sha ed tubes
in the secqond row of heat exchange el enents noves into a_slotted opening

within the querginahﬁ%ﬁégwe 3, f qplénoﬁnﬁlg ofdhe &'@f‘é@ﬁarﬁ? awié 3? ofathedeRdi ng |
i . 2... 1T i 1 i i

duri h; all fﬁlgﬁ%*# R AT ohes e BREh 2o BF T alogS o0 st i?@ﬁ@gé?ﬁ%éi

i st ance b0 ioR 27 38beS¥ LRI AR et 35 Ll dS BrbleFaTY s hapec

tubes ijp t hecl58&OBLeh SN 3B E?&’%O‘ Bﬁlﬁﬁr&e&emé@%%ﬁgg O%de@@ df%gmt I ons
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and second rows of heat exchange el enents on a platen so that the platen
supports the first and second rows 2s of heat exchange elenents for a

substanti alThd §§s;@ﬂﬂﬂeditarddnli%ﬁ@1 finabil b 09 apenst irmmd&h%rmey;ulbee first
t ube hol di ng device secured to only the U-sha ed tubes in the first row of
heat exchahgiding edemites 16 aindl B§ weillppowt prefdrgblyhbe pubjeetedato eRpardsr of end
portions of the U shaped tubes in ) ] .

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 tube 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 fins in the respective

25  positions 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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opening in the first tube holding device. 5. The process of claim1l wherein
said step of s positioning the second row of heat exchange el enents with
respect to the first row of heat exchange el enents conprises the step of:
providing a sheet of low friction material between the first and second
rows of heat exchange el enents whereby, the set of end portions of the
U-shaped tubes in the second row of heat exchange to el enents nay nove
relative to the corresponding end partions of the U shaped tubes in the
first row apnﬁsafat&ucnérpg@%eégweae tioged e ap flg¢ cRlategy 481 &9 nthat ikerein rh
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hol es therein for receiving the first sét U-shaped tubes and wherein
sai d step Q4 andeahé iingerafihi ¢eil rewt 26finUbbadieectiotbdsfined byt Biedtiiggf i ned

hol es conprises the step of: 2s inserting the first set of U shaped tubes
into the fishspingyilateh®) db rag tdcfoimen ouvied arheornbéndoi RefenringetedFiguret hese
tubes are covered by the qgutwardly extending projections of the first tube
hol di ng deidBe fin coil ppyag24-andni6 are seepto-betbentiby-an gngulgr amount 8.~ ~ /. ~c
! b~0~~~oe"I‘Zhelgvezgrhgelz_lerggliugx&h gx?r%gtrurg p&a&lgtglﬁef %ﬂlpgci)i irrc])%: 26 will be R1
whereas the average radius of curvature for the inner fin coil row will be
10 R2. The bending of the outer row 24 and the inner row 26 by the angular
amount 6 will cause the hairpin turn ends of the tubes in the inner fin coil
row 26 to move closer to the hairpin turn ends of the tubes in the fin coil
row 24 by an amount “A”. This particular amount “A” will be equal to
the difference in radiuses of curvature as measured with respect to the
15 centerlines of the respective rows of fin coils multiplied times the angle 6
of curvature. In other words, “A” may be computed by the following

formula:

A = (R1-R2)60

20
The above computation means that the distance D1 between the hairpin
turn ends of the coils in the fin coil rows 24 and 26 following the bending
operation of Figure 4 will be as follows:

25 Dl = Do-A

It is to be appreciated that the multi-row fin coil configuration will be

subjected to several further bending operations. Each successive bending



a first row of heat exchange el enents having a first set of a plurality of
‘U shaped tubes therein secured to a device for holding first end portions
of the first set of U shaped tubes in place relative to each s other; .. a
second row of heat exchange el ements having a second set of U shaped tubes
therein, said second set of U shaped tubes having first end portions which
freely extend through a slotted opening in the device for holding the first
end portions of the first set of Lkshaged tubes in place io relative to
each other; and a hol ding device, secured to second end portions of said
first set operatiimpal dafgm@sa particulan aegled of sucvatere withseaspeat tenthiepor ti ons
of said second set of U shaped tubes, mherebg_the second end portions of
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second rowguBbediRat b@ﬁ@hamg?rcﬁi@emhéweaﬁthnaewmﬂ” évetdy@é}ﬁhaﬁ?m fipved arc
wherein the curved arc I ength of the centerline of said first row of heat
exchange elendsnifsthe swar eawethdthiarequak t@ she prevdduadistimegbDh- bireduved
centerline of said second row of heat exchange el enents. ~'~~uac~_ r~ ~~
_ Sf-t~~T \hyLthe-particular diffaregtiabdizgmee'“ A for-the piverrbenids 10. The heat
exchanger apparatus of claim8 wherein said device for holding the first
end portions of the tirst set of U shaped tubes in position relative to

each ot her Lises: a bracket. havi hpol es therein faqr fihi ng.,t he
relativi€ s %%éﬁl"?%ﬁ’?%fm?ﬁguf? pstrﬁgnﬁﬂ?)los??(ﬁﬂg Frergiin &PF gﬁe sfg’t Cgp U- shaped
tubes relati%s 24 and 26 is illustrated. It is to be noted that the hairpin turn ends of

the tubes in the fin coil row 26 will have progressively moved closer to
the hairpin turn ends of the tubes in the fin coil 24 as a result of the
previous bending operations. The fin coil row 26 will, during the final
15 bending operation of Figure 4, result in the hairpin turn ends of the tubes
28, 30 and 32 moving into a slotted hole 52 in the tube holding device 16.
The slotted hole opening is clearly shown in Figure 1 and is seen to
include a flange 54 located around the periphery of the slotted hole. The
slotted hole is located at sufficient distance above the holes in the bracket
20 16 receiving the tubes 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 that 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 tubes 28, 30 and 32 into
25 the slotted hole 52 occurs under full support of the fin coil rows 24 and 26

by the platen 46.



to each other, said bracket furthernore 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 said bracket further
conprises: a set of extensions extending outwardly froma back portion of
the bracket to a point beyond the first end portions of both of the first
and second sets of U shaped tubes so q@ to protect the first end portions
of the first set of U shaped tubes hel'd securely therein and the first end

i s portio f.the cond, set. of U shaped tubes freely extending through
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second set Q?f&'@%lﬁ‘éﬁ% il%egem@eattﬁviatm%am Gidseqt the tuhes imthenfat
exchanger ??p%tar at UZ of él al £.13 V\ﬁer ein said bracket having holes therein
for defini 8 08V ‘?’éflﬁi glﬁl ¥tI%fs of the second end portions of both said
first and second sets of U shaped tubes relative to each other further
conprises: a set of extensions extending outwardly froma portion of

10 Referring to the tube holding device 16, it is to be noted that the

extensions 18 and 20 will protect the hairpin turn ends of the tubes 28, 30
and 32 in much the same way as the hairpin turn ends of the tubes 10, 12
and 14 are protected. Referring to Figure 8, the slotted hole 52 in the
bracket 16 is of sufficient length and height to permit the hairpin turn ends
15  of the tubes 28, 30 and 32 to easily move into this opening. It is to be
appreciated that the tolerances in the slotted hole 52 will be a function of
the potential variations that may occur in the presentation of the hairpin

turn ends of the tubes 28, 30 and 32 during the final bending 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 tube holding devices 16 and 36 are at a
relatively short distance from each other. As is well known in the art, the

25 open ends of the tubes contained within the tube holding device 36 are
normally connected by hairpin turn loops such as 56 which are braised

thereto in a braising operation.



io said bracket to a point beyond the second end portions of the first and
second set of U-s- hailed tubes being held rigidly in place with respect to
each other. 15. The heat exchanger apparatus of claim8 wherein sad is the
first end portions of said first set of U shaped tubes and the first end
portions of the second set of U shaped tubes include hairpin turns.
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equally well with for instance straight tubes that are interconnected with

20 for instance braised hairpin turn loops or other shaped loops after having
been formed into a multi-row fin coil configuration in accordance with the
invention. It is also to be appreciated that the resulting multiple row fin
coil configuration may assume any number of ultimate shapes. For the
above reasons, it is therefore intended that the invention not be limited to

25 the particular embodiment disclosed, but that the invention include all

embodiments falling within the scope of the claims hereinafter set forth.
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1. A process for forming a multi-row heat exchanger
comprising the steps of:

inserting a first set of U-shaped tubes into predefined holes
within a first tube holding device and further inserting the U-shaped tubes
through a plurality of heat exchange fins so as to form a first row of heat
exchange elements;

inserting a second set of shorter length U-shaped tubes
through holes in a plurality of heat exchange fins so as to form a second
row of heat exchange elements;

positioning the second row of heat exchange elements with
respect to the first row of heat exchange elements whereby a set of end
portions of the shorter length U-shaped tubes are at a predefined distance
from a corresponding set of end portions of the U-shaped tubes in the first
row of heat exchange elements;

inserting 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 fins and the second tube holding
device to 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 in the first row of heat exchange elements; and

bending the first and second rows of heat exchange elements
at least once whereby the set of end portions of the U-shaped tubes in the
second row of 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
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5 2. The process of claim 1 wherein the total distance
traversed during all bending operations by the set of end portions of U-
shaped tubes in the second row of heat exchange elements is equal to the
predefined distance by which the set of end portions of the shorter length
U-shaped tubes in the second row are from the corresponding set of end

10  portions of the U-shaped tubes in the first row of heat exchange elements
during said step of positioning the second row of heat exchange elements

with respect to the first row of heat exchange elements.

3. The process of claim 1 wherein said step of bending
15 the first and second rows of the heat exchange elements further comprises:
positioning the first and second rows of heat exchange
elements on a platen so that the first tube holding device secured to only
the U-shaped tubes in the first row of heat exchange elements is supported
by the platen during each bending operation.
20
4. The process of claim 1 wherein said step of bending
the first and second rows of 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
25 of heat exchange elements for a substantial distance during the final
bending operation whereby the first tube holding device secured to only
the U-shaped tubes in the first row of heat exchange elements is fully
supported by the platen as the set of end portions of the U-shaped tubes in
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5 positioning the second row of heat exchange elements with respect to the

first row of heat exchange elements comprises the step of:
providing a sheet of low friction material between the first
and second rows of heat exchange elements whereby the set of end
portions of the U-shaped tubes in the second row of heat exchange
10 elements may move relative to the corresponding end portions of the U-

shaped tubes in the first row of heat exchange elements.

6. The process of claim 1 wherein the-tubes—inserted-into

15

~ shaped—tubes-and-wherein the sets of end portions of these the U-shaped

tubes positioned at the predefined distance with respect to each other

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

20 7. The process of claim 6 wherein the first tube holding
device includes projections extending outwardly from a portion of the tube
holding device having the predefined 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 predefined holes comprises the step of:

25 inserting the first set of U-shaped tubes into the first tube
holding device until the hairpin turn ends of these tubes are covered by the

outwardly extending projections of the first tube holding device.
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a second row of heat exchange elements having a second set
of U-shaped tubes therein, said seeond set of U-shaped tubes having first
end portions which freely extend through a slotted opening in the device
for holding the first end portions of the first set of U-shaped tubes in place

10  relative to each other; and

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

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

9. The heat exchanger apparatus ot claim 8 wherein said
first and second sets of heat exchange elements are the outer and inner
rows respectively of said heat exchanger apparatus and wherein the length

20 along the centerline of the outer row of heat exchange elements is greater
than the length along the centerline of the inner row of heat 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 first row of heat exchange elements is greater than the

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

elements.
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5 positions of the first end portions of the first set of U-shaped tubes 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:

a set of extensions extending outwardly from a back portion
of the bracket to a point beyond the first end portions of both of the first
and second sets of U-shaped tubes so as to protect the first end portions of
the first set of U-shaped tubes held securely therein and the first end

15 portions of the second set of U-shaped tubes freely extending through said

slotted opening in said bracket.

12.  The heat exchanger apparatus of claim 8 wherein said

bracket furthermore comprises a flanged edge around the circumference of

20  said slotted opening so as to present a flat contacting surface to said first
end portions of the second set of tubes in the event of any contact

therewith.

13.  The heat exchanger apparatus of claim 8 wherein said
25 second holding device secured to second end portions of said first set of
U-shaped tubes and furthermore secured to second end portions of said

second set of U-shaped tubes comprises:
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said bracket having holes therein for defining the relative positions of the
second end portions of both said first and second sets of U-shaped tubes
relative to each other further comprises:
a set of extensions extending outwardly from a portion of
10 said bracket to a point beyond the second end portions of the first and
second set of U-shaped tubes being held rigidly in place with respect to

each other.

15. The heat exchanger apparatus of claim 8 wherein said

15 g the first

end portions of said first set of U-shaped tubes and the first end portions

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



