
;e3eo&l""#$^ %Zd&6&T&IX91 6 MAY 20a MULTI-ROW HEAT EXCHANGE Background of
the Invention  5 This invention relates to mufti-row heat exchangers used
in heating, ventilating and air conditioning systems. In particular) this
invention relates to a particular type of mufti-row heat exchange: and to
how this type of multi-row heat exchange is formed to It has hereof been
known to take a plurality of tubes and Lace them  with heat exchange fins
so as to produce a row of heat exchange element ,This lacing process oven
be=ins with first inserting the ends of the tubes through holes in a tube
holding device before passing the tubes through holes in the beet exchange
tins. The ends of the tubes are finally inserted t. through a second tube
holding device. Tae thus laced tubes are next subjected to an expander
process wherein an e.pansion element Larne: than the inner diameter or the
tunes is forcibly moved through each cube. The tubes expand so as to secure
the heat exchange: fins and the tube holding devices thereof ~o The
resulting row of heat exchange elements may be subjected to several bending
operations so as to be transformed into a particular hear exchanger
configuration for a heating, ventilating and air conditioning system. The
bent row may also be joined to several other bent rows of heat exchange
element to form a mule-row heat exchanger. It has also been known to
simultaneously bend a number of rows of heat exchange element so as to form
s particular heat exchange configuration    7 6 MAY 2002  Regardless of
whether the rows are bent separately or simultaneously, it is important
that each of the bent rows be aligned wide respect to each other in the
ultimate mufti-row heat exchange This usually means that the ends of the
rows, typically defined by the tube holding devices at each 5 end. must end
up in alignment in the ultimate mufti-row heat exchange It is an object of
this invention to provide a process for forming mufti-row heat exchange
elements wherein the risk of misalignment of the tube holding devices at
each end of the multiple rows of fin coils is minimized. io It is another
object of the invention to provide apparatus which allows mufti-row heat
exchange element to be formed into a final host exchange configuration
without risk of misalignment or the tube holding device ,  Summary of the
Invention The above and other objects are achieved according to the present
invention by a process that allows at least two rows of best exchange
elements to be simultaneously bent so as to form aligned rows of heat
exchange elements in a mufti-row heat exchanger configuration The .o
process  includes using L'-shared tubes of at least two different lengths.
The shorter length tubes will be used in an inner row of heat exchange
elements whereas the loner length tubes 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 holding device These
longer length tubes are also inserted into the hubs of many heat exchange
fins so as to form the outer row of heat exchange elements. The second or
inner row of heat exchange element is now to formed b v   



16 MAY 2ooz '  lacing the shorter length tubes with heat exchanger fins.
The resulting inner row of heat exchange elements is next positioned
relative to the previously formed outer row of heat exchange elements. 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
distance is calculated to be the tonal distance that the set of end
portions of the tubes in the inner row will move relative to the set of end
portions of the tubes in the outer row during various beading operations.
The tubes of the io inner and outer rows prefer ably next receive a second
tube holding device. This latter tube holding de~.devices-ic as well as the
laced heat exchange firs 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 or the outer row of heat exchange elements. is The inner and
outer rows of best 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 bead of the two rows of heat 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 =s 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.   ~ s. MAY ~z  In the preferred
embodiment, the connecting bracket between the first and second tube
holding devices completes a three hundred-si:ct<r degree heat exchanger
configuration The preferred embodiment also includes particularly shaped
tubes within each row of heat exchange elements. The s tubes are U-shaped
with hairpin turns in the U-shaped ends comprising the end portions that
are positioned at the predefined distance with respect to each ocher. Brief
Description of the Drawings to Other objects and advantages of the present
invention will be apparent from. the following detailed description in
conjunction with the accompanying drawings in which is Figure 1 illustrates
the insertion of a set of U-Shaped tubes having hairpin turn ends into a
nibs holding device: Figure ? illustrates the outer and inner rows of tubes
with heat exchanger fins mounted thereon positioned relative to each other
so as to receive a ?o second tube holding devices 



Figure 3 illustrates the relative positions of the hairpin turn ends of the
tubes in Figure ? : =s Figure 4 illustrates the multiply rows of heat
exchange element of Figure being turned by a roller so as w form the first
curvature in the multiply row heat exchanger configuration   1 6 MAY 2002 5
Figure 5 illustrates the relative movement of the inner and outer rows of
fin coils resulting from the bending operation of Figure 4; Figure 6
illustrates the final beading o f the multiple cow heat exchanger s
configuation wherein the hairpin turn ends of the tubes in the inner row of
heat exchange elements move into a Lengthwise slot in the first tube
holding device; Figure 7 is a detailed view illustrating the alignment of
the hairpin turn to ends of the tubes in the inner row of heat exchange
elements with respect to the hairpin turn ends of the tubes in he outer row
of heat exchange elements following the beading operation of Figure 6:
Figure 8 illustrates the position o t the hairpin turn ends o f the tubes o
f the a inner row of heat exchange element within the lengthwise slot in
the first tube holding device; and Figure 9 is an illustration of a
connecting piece being joined to the tube holding devices of the inner and
outer rows of fin coils. 'o Description of the Preferred Embodiment
Referring to Figure 1, tubs 10, 1'_' and 14 having hairpin turn ends at one
end have been inserted into holes in a tube holding device l6. The tube 'S
holding devices 16 includes extension is and 2U which emend outwardly from
a back portion or the tube holding device having holes therein for
recieving the tubes) The: extensions 18 and ?0 extand outwardly beyond the
hairpin turn ends of the: tubes l4, 1'_ and 1-14 These excensions prevent
9 6 MAY 2Q1111 6 any inadvertent contact with the hairpin turn ends thst
might othe:-~~ise 



occur. The tubes 1U, 1? and 1T are also inserted into the holes of a larUe
number of heat exchange fins such as ?'?. The resulting row of tubes with
heat e;cchange fins mounted thereon ~~~ill be he:einafter referred to as a
5 `row of fin coils". This row of 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 tm coil 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 ~'_' wiil not. huwe~: er . ha~. a bea initiall,~ inserted into a tube
huldin; devico. The tubs w;11 also have bea cut co a shone: lea~lth than
the cubes It), l~ snd 1-~. Toe shorte: lea~TTh of the tubes 2S. S() ar.~i
~'_' ta>;~s into account the fact that t.the row '_'b will ultriately
be::ume the inner row of a mufti-row heat exchanger conrigur:~tiun that has
a certain number ut bends or turns in each row of tin coils. The row ?4
will ultimately become the outer cow of this mufti-row heat e:~chan`er
configuration. ~o ,-~s will be erplained in detail hereinafter, the hairpin
turn ends of the fin coil rows '_' : and 26 will move relative to each
other. These tin coil rows sre bent to form the tnulti-row host exchanUer
conti~uration. In order to auc:ommudate this mu~~~ment, a thin sheet of low
friction material 3-~ is 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 the hairpin turn ends of the tubs 10. 1? and 1~ ThC distance "Du"
is the difference between the   9 6 MAY 2002 7 lea`~ttis of the tubes 10)
1? and 1~ and the lea`ths of the tubes 28) 30 and 3?. As will be explained
hereinafter ) the distance `'Do" represents the distance that the hairpin
turn ends of the tubes in tin coil row ?6 will move relative to the hairpin
turn ends of the tubes in fin coil row 2~- duri.nQ the 5 bending
operations. Referring to Figure 2, the open ends of the tubes 23, ~0 and 3?
of the top fin coil row ?6 as well as the open ends of the tubes 10, 1? and
14 of the tin coil row '_' ~= reo~:ve a tube holdtaa dzvice .:6. Tlzis
device prefe: ably to includes extensions 38 and ~0 similar to the
extensions 18 and ?0 of the tube holdin~7 device 16. Tile tube hoidinv
de~rice .6 fur~~he:more in;:!udes holes such as a= and =s for reo~:vir.~T
the open ends of all of the tubs in both rows of tin coils. The thus
inse:tea ends of tli;: tubs will extend through these holes for a ss~rt
distance and will preferably be in 15 substantial aliUnment due to the
lcaUths of the tubes in eacli rocv. The assembled and all<~ned tin coil
rows ?~-' and ''6 including dm tube huldin` devices 16 and 36 will now
preferably be subjected to expander 



devices. In this re~~srd, expander devices larger than the inner diameters
of the tubs in each tin coil row will be forced into the straight portions
of these tubes so as to expand the diameters of these straight portions a;
~;ainst the perimeters of the holes in the tube holding devices 16 and ~6
as well as in the host e~cchsn~,7~r tins. The thus expanded tubes will
securely fasten the tube hUding devices and hest erchan~er tins in the
respmtivC p~>5itions ~stablishcd in Fi`=ore ?. R~terrin~~ to Fi_~ure .~,
the mufti-r~ tin coil cunti~.:uratiun ut Fi~~ur~ ? is sli~vn undCr~~~in_ s
first bending operation. The mufti-re~w tin coil   ~ s MRY 2002 s
coati~Turation is preferably positioned on a fiat platen 46 so that the
trailing portion of the mufti-row tin coil coati`uration having the bracket
16 at its end lies substantially flat on the platen 46 durin` a11 bendin`
ope:ations. A roller 43 simultaneously turns both the outer fin coil row 5
24 and the inner fin coil row 26 in the direction defined by directional
shaping plate 50 so as to form a curved arc or bend. Referring to Figure 5,
the fin coil rows 24 and 26 are seen to be beat by an angular amount 8. The
ave:age radius of curvature of the cute: fm coil row 26 will be R1 whereas
the average radius of cur%ature for the inne: tin coil row will be to R'_'.
Tlie beading of the cute: row 2-'' and the inner row ?6 by the angular
amount 6 will cause the hairpin turn cads of the tubes in the inne:Win c:ni
row '_'ti to move closer to the hairpin turn ends of the tubes in the ttn
cc~ii row '_'= bv~ an amount ":~" . Tiiis particular amou^ t ".~" ~~~ iil
be e:lual to the difference in radiuses of csrvature as measure3 with
respect to the t. centerlines of the respective rows of tm coils multiplied
times the an`Ie a of csr<~ature. ~In otl~.e: words. "A" may be computed by
the followin~` formula: A - (R1 - R'') 6 ~o The above computation means
that the distance D 1 between the hairpin turn ends of the coils in the tin
cull rows ?~ and 26 following the bendin`T operation of I=iure .~ will be
as follows: ,~ D1 - Do-A It is t be appreciated that tlt~ mufti-rc~w tin
oc~il cc~nti~uration ~ill be subjc:ct~d t s~~~rrsl further be:ndin~~
upe:ratins. Each successive brndin~~   1 s- MAY zooz 9 operation will
define a particular ankle B of curvature with respect to the particular
bend. The distance by which the hairpin turn ends of the tubes 



in the tubes in the fin coil row 26 will move relative to the hairpin turn
ends of the tubes in the hairpin row '_'4 will again be in accordance with
5 the aforementioned calculation of the differential distance "A". Each
subsequent bend will produce a new distance "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" for the liven bend: - Y to Referring
now to Figure 6. the final bending ope:acion for the fin coil rows '_'~ and
?6 is illustrate . It is to be'noced that the l~ai.~in fur ends of the
tubes in the tin coil ro~.~~ '_'S will have progressiv~e'.v m~~~~ed c'.oser
to the hair, in turn ends of the tubes in the tin coil =-' as s result of
the previous beading ope:acions. The tin coil row '_'S wiil. durin` the
final a bending operation of Figure 1, result in the hairpin turn ends of
the tubes ~S. ~0 and 3~ moving into a slotted hole ~'_' in thr tube
hoidin~T de~: ice 16. Tile slotted hole opening is clearly shown in Figure
1 and is sera to include a flange 54 located around the periphe^~r of the
slorted hole. The slotted hole is located at sufficient distance above the
holes in the bracket ''0 16 receiving the tubes 10) 1? and 14 so as to
receive the hairpin 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 operation. This assures chat the relative movement of the
hairpin turn ends of the tubes ?S, 3() and ~'_' into . the slotted hole ~~
occ:urs under full support of the tin coil rows ?4 and ''~i by LhC platen
-16.   '/ $ MAY 201 t c) Referrinv= to Fi~~ure 7) it is seen that the
hairpin turn ends of the tubes 28) 3U and 3? will have moved into alignment
with the hairpin turn eads of the lower set of tubes 10, I? and 1~. at the
end of the final beading operation. The distance traveled by the hairpin
tu-in ends of the coils 23, 30 and 3? s will be the summation . of the
calculated distances, "A", for each respective bend of the mufti-row fin
coil confisuration. This distance will be the distance "Do" be;,weea the
hairpin turn eads of the tubes in the fin coil rows ?a and ?5 in Figure 2.
to Re:erring to the tube holding devica 16, it is to be noted that the
e:cteasioas 1S and '_'0 will protest the hairpin tura ends of the tube s
'_`. ~t) and ~'' in much the same wav as the hairpin turn ends of the pubes
10. 1''_ and 1= are protected. R~:errin~_= to Fi~ure 3, the slotted hole
~'_' in the bracl~~: 16 is of sufficient ha~~th and hei`Tht to p~,~:nit the
hairpin cures cads a of the tubes 28, :;U and == to easily move into this
openin?. It is to be appreciated that the tolerances in the slotted hole
~'_' will be a function of the potential variations chat may occur in the
presentation of she hairpin tun~ends of the tubes ?3) ~U and 32 during the
final beading operation. .o Referring to Figure 9, the resultingly formed
mufti-row fin coil contiQuration is illustrated. It is to be seen that the
successive bending operations of the tin coil rows have produced a
particular heat exchanUer conti~~uration wherein the tube holding devices
16 and 36 are at a relatively sftort distance from each other. As is well
known in the art. the ~~ open ends of the tubes contained wltflln the tubC
holdin; device 36 are n~~rmallv connected b~~ hairpin turn le~~~py such as
~o which are braised theretu in s braisin`; oprratiun.   ~ s MAY 2002
Referrin? to Figure 9) a connectin, plate ~3 has been s~cured to the tube
holding devices 16 and 36. The coareotin~ plate ~8 will tL~t the positions
of the tube holding devices relative to each other and will furthe:znore
add structural support to the entire mufti-row tin coil coatzguratioa. This
5 particular fin coil configuration may be used in a number of heating,
veztiiation and air conditioning systems whe:ein it is desirable to have
the heat a ;change elements substantially surround a source for radiailv
distributing air through this configuration. ~ ~ ~ ~~ - .. '~i _ to V~-hiie
the invention has been desc:ioed with reference to a prefe::e;i 



~?lboC:LTTI~~t, it will be unde:stood by those sl::llell in the art flirt
v:~r:ous caan~Jes m~.:~r be made the: eto wirhout d~oar<in~7 ti om the s;
:ope of the invention. For e:cam~l~, the numbe- of rows oc hr. coifs that
are to be subjec:ed to successi~~e.brzdinV op~:;~tiuas n:a,r Include more
than nvo tin. coil rows. Tae hairpin turn ends of eac;~ successive inner
row would inse; t into appropriate slotted opeain`~s in the installed
brac!~et on the outer row of tin coifs. It is also to be appre;.iated that
the tubes need not have hairpin turn ends at one end. In this regard. the
invention would wore equally well with for instance straight tubs that are
interconnected with ''o for instance braised hairpin turn loops or other
shaped loops after having been formed into a mufti-row tin coil
confiJuration in accordance wide the invention. It is also to be
appreciated that the resultinJ multiple row tin coil conti~Turatiun may
assume any number of ultimate shapes. Fur the abve masons) it is therefur~
intende;l that the invention nut be limited to tti~ p,~rticuiar
~:nbu~iiment disclosed, but that the invention include all embodiments
tal(n~;  thin the scope or~ the claims hereina('ter set forth.   ~ s MAY
zoos CL~IVIS 1. ?~ process fur formin`, a multi-ro~.v heat e:cchan~C:
comprisinU the steps of: inserting a first set of U-shaped tubs into
predefined holes within a first tube huldin~ device and further inserting
the U-shaped cubes through a pluralit~r of heat e:cchange fins so as to
form a first row of heat exchan,e elements; insertin~T a second set of
Shurte: length L'-shaou~i tubu:~ a throu`7h holes in a pluralir~~ of heat
exchan`Te tins su as to form a se;:`)ncl CUw' OC best exchan`Je elements;
pusitiunin`T the second row of hcvt exchan`=~ e:eme:.ts wuli r~Sp~;:C to
the tlr5t Cu~L' ~t best exc'.lan~`~'' C1C:11C:1Ls `.~il'c.':'c'4JV :1 SC:
ui C;ld porcmns of the shorter l~:l~Tth L:-shaoe-? tubs see at a predefined
dis~anc~ a rrom a ~orrespondin~~ set of end portions ut the L; -haeed tubes
in the first rU~V of best exc:lan`?e elements: inser ~ir,`_ a se-.:und tube
huldin`, d~`~ icy onto dle ~-shaped tubs in buds the first and sN;:ond row
of heat exchange elements: securin`T tl:e best exchange tins and the se;
:ond cube huldin~~ device to the L~-shaped tubs in the first and second
row's of best exchan`_e elements: 



s~;:urin;-_ the first tubs huldinU dw'ic~ to onl~.~ the L:-shau~d cubCa cn
the first row ut heat exchan``e elements; and bcndin`1 the first and second
rows of heat exchan`Je elements at LC;lSt UIlcC W'hc'r'v'1W' the sit of end
purtcuns of the L'-sh:.aoed tubs in the s~ca)nd row of hCat cmhsn`~er
elements moves clus~r m the corr~spundin~= set ut end portions ut the
L~-shaped tubes in the first row of heat ~~cclmn`=c elements duriri~_ esc:h
bendin` operation and 'herein the sec or end . -   1 6 MAY 202 1. portions
uP the L'-shaped tubrs in the second row cy heat exchan__c elements moves
into a sluttCd ope:ling within the firs( L'-shroeu tunr hul~iin~~ de~~ic~
during the final bending operation. ?. The process of claim 1 whe:e:n the
(oral distance traver sed du: inU alI bending oiler ations b~' the set of
end portions of (: shaped tubs in the seoond row of heat e:cchange elemeacs
is e'~ual to the predefined distance by which the set of end portions of
the shorter IenJth L--shaoe'i tubes in the se;:and rovl~ are from the
corr~s4ondin~_= set ut ~.^.~: ! portions u~ the t-shaoea tubes in the first
row of Nest e~chang~ e'.~:n~ats liur in=; 5:11l'1 $tep Ot pmi(iunin~; (11C
Sc,'::vnl~ rO`.~' ut h~-'~C c\C~l:ln`.:~ ~;C.T.C.^.(s t,Vltll ;W ~7C'~: LO
(11C iirSt r0~~ ut I1~;1C ~\C!lan::e vl~:Tl~:.(S. Tile process ut c;aim 1
wh~re:n said step of bcadin~T the first and second rows of the hea(
~~change e!emea(s further comprises: posi(ionin~T the first and se;:und
rows of heat excllan~_~ elemen(s on a pla(en so rha( the firs( tube huldin`
dev ice secured (o oniy the L: -shsDed tubes in the first row of heat
e~cchanVe e!eaents is supported by the platen during each bending
operation. =r~ t. The proc`ss of claim 1 wherein said step of b~adin`_ the
first and second rows of hen( ~xchan~Te elements comprises the step of:
positioning dle first and se;:ond rows ut hen( erchan_Je elCmen(s on a
platen so that the platen supports the firs( and second rows =~ ut hCa(
C~chan~u elements for a substan(ial d(stance durin~_ the final bendin';
operation w hereby the firs( cube holding dev ice secured to only the
L'-shaped tubes in the first row or heat ~xchan~C elements is fully
supported by the platen as the sit of end portions of the t-shaped tubs in
16 MAY 2(~2 t the se;:und row approach the slotted openim; in the first
tube huldintl device. 5. The process of claim 1 wherein said step of s
positioning the second row of heat exchange elemeats with respect to the 



first row of heat exchange elemeacs comprises the step of: providing a
sheet of low friction material between the first and second rows of heat
exchange elements whereby the sec of ead portions of the L;-shaped tubes in
the second row of host e:cchan~~e to elements may move relative to the
curespunding ~:~d portions of the (: sh~,:cea tubes in the first row of
heat c:cc'.ian~Te elements. b. The process of !aim 1 wherein :~~~ !." ..>,J
: r, rt. , ,.J,~r:.. o.I 1. .1 ~~ :rl.:.. ri., ~:.... ...4., 1. .1 J:.. J
~..: ,J .I. > .l- .~ ~ _ . . . ` i ~ ! , .. . r 4, n . t. .~  .- , ... ~,:
: r h .> n l . . ..., l : r. . F 1. ,,, n > .. " 1,. .. .. - ~ 4: n ~  ~ ~
o .1. 1 ' _ . _ . ` _ . ` ~ _ _ _w.,n.,.J n,l.". ~n.J ...,.,>..,:.. the sea
or end portions of `-~ the t-shafted tubes pmitioned at the predefined
distance with respe;.t to esch other include hairpin turns detinin~ the
L:-shape of the L'-shaeed tubs. 7. The process of claim b wherein the first
tube holdin~,~ device includes projections exrendinU uunvardlv trotr. s
portion of the tubC holdin~~ dCVICe having the predefined hobs therein for
receiving the first set of C'-shaped tubs and wherein said step of
inserting a first sit of L,`shaord tubes into the predefined holes
comprises the step oF: == ins~rtin`~ the first set of L:-shaeCd tubs into
the first tube huldin`t dc~~ icy until the hacrpin turn ends tic these tubs
are cuwr~d by the outwardly e~ctending prujcctions of the first tube
huldinU devicC.   'I $ MAY 20N2 l5 8. HCat e;cchan`~er apparatus
comprisin~_: a first row of heat exchan~_e elCmCnts havin~~ a first set of
a plurality of U-shaped cubCS diCrein secured to a device for holding first
end portions of the first set or U-shaoCd tubCS in place relative to each 5
other; - a second row of heat e:ccl~an~e elements having a second set of
U-shaped tubes therein, said second set of U-shaped tubes having first end
portions which fre~'.v extend throu~Th a slotted opeain~ in the device fur
holdin the first e:~d portions of the test set of L: -shaped robes in place
to relative to each ~the~; and a huldin~T dc~: icy. sz~~:~red~ to second
ead p~~rtions of said first set of L'-shaped cubCS and turthe.^.rure se;
.ured to se;:und e..^.d purt:uns ut said se;:ond se: ~~r L'-shsced CLLt7CS,
whereby the sv::,~rd ead purLiUCIS uC bush said first set of L'-shapCd
tubCS and said se;:und set of L'-shaved tubes ~~ are hC!d risidlv ir.
pl~uc~ with respect to each other. 9. The hCat e:cc:~an~Ter apparatus of
claim S wh~:ein said first and second sea of heat exchan_Te elements are
the outer and inner rows respectively of said heat exchan`er apparatus and
~L~herein the tenth ~U alun~z the center line of the outer row of heat
e~cchan_e elements is ~rester than the ICnsth alua= the centerline ut the
inner row or hest erchanUe ClCments, said first and sCCOnd rows ut heat
exchan~Te elements each havin~~ at last onC curved arc whCrein the curvCd
arc 1Cn_th of IhC centerlinC of said tirsc row of host exchan~Te Clements
is ~Trester ch:~n the 



'_ e:urve~! src lCn~_th ut the cCnterlinC ut said se;.und row or hCat
evchan~e ClCnlCntS.   1$MAY lU. The host ~~chan~`er apparatus of claim 8
wherein said device fur holdin~~ the first rnc! portions of the first set
of L'-shaped tubes in position relative to each other comprises: a bracket
havin~T holes therein for delinin~~ the relative 5 positions of the first
end portions of the first set of U-shataed tubes relative to each other,
said brac!cet furthermore containing the slotted opening for receiving the
first end portions of the second set of U-shaped tubes. 11. The host
e:cchange: apparatus oc claim lc) wherein to said bracket further
comprises: a sit ut extensions exec :dine outwardly from a bac'.~: portion
of the brac!:et to a point bC;;crd the first ~^~d p~~rtiuns of b~;ti: car
the first and sz;:;~nd sea of L'-shaped tubCS so ,~s to prooe~.:t the rirst
end portions of tt,.e rust set of G-sh aced tubes he!d s.~;;ur~!v tl~c:ein
and tl:e first end a portions of the se;:ond set of L:-sh;~n~~i tubes
tre~lv extending throu~Th said slurred openin~T in said bracket. 1~. The
heat ~~c;~an_e: apparatus of claim 8 wh~r~in said bracket turthermure
comprises a flanged ed~~~ around the circumference of ~`~ said slotted
opening so as to present a t'lat contactin~~ surface to said first end
portions of the second set ot: tubes in the event of any contact
there~.vith. l~ The heat ~~cl~an`_er apparatus of claim 8 wherein said __
second ttuldin~J dw ic:e ses:ured to su::on~i end portions or said first
sec ul' L`-shapCd rubes an~i turthernwre secured to second end portions uF
said second set ur L'-shard tubs cumprisCS.   'I $ MAY 2~1 t a bracket
havin~` hubs therein fur detinin~~ the positions ut the second end portions
ur said first set of L'-shaped tubs and tll~ positions ut said second set
of C:-shaped tubes relative to each other. 1-~. Tne heat exchanger
apparatus or claim 13 wherein said brac!:et having holes therein for
de~lninQ the relative positions of the second end portions of butte said
first and second sets of U-shared tubes relative to each othrr further
comprises: 



a set ur extensions e;cteadin`_ uutwardl~.~ tTOrri s portion ut ;o said
brac!:et to a point be:-und the second end portions of the first snd
s~::c~nd set ut L'-sllaoed tubs bein~` helm ri~_idl in place vL~ith r~~ue;
:t to CaCll l7fil~r . _' 1~ . T'ne heat e:cchan`er apparatus ut claim 8
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