WO 03/ 004955 1 PCT/ US02/ 21423 UN TARY BODY QUADRI LATERAL HEADER FOR HEAT
EXCHANGER BACKGROUND OF THE INVENTION 5 Field of the Invention The

i nvent i onwoedsawesst o headers for air-cool ed heat exchangerrCTansd2/2m8 e
specifically, to a header having a generélly square or rectangular unitary
body, i.e. a weldless body. 10 Description of the Related Art Air-cool ed
heat exchangers are frequently used in industrial applications. A fluid,
either a gas or aliquid, is passed through a series of cooling tubes whi | e
air is nechanically pa o : g tubes. The air
absorbs heat 15 fromt v 0 e tenperature of
the fluid wthin the tubes. Thﬁ)RqQEAngXg@gqu@m;|nclude | ateral or axial
fins to aid in heat transfer. "Heat exchangers typically include two header
boxes having the cooling tubes extending therebetween. The header boxes are

formed froma hol | ow body, i jﬁmmy of ports which
allow fluid conmuni cati on v&e‘?@?ﬁ.c W_E}.(Sﬁy 2 Ofhe header box is

connected to an inlet coupling and, typically, the other header box is
connected to an outlet coupling. Wthin the body, pass plates may be

di sposed bet ween Kedufshelovemidn ng tubes ports so that, a fluid entering
the first header_through the inlet conduit nust follom/a serpenti ne path,

back and forth tHroyFtioRaeliss te hepdersdes agopied heptrxchanggesand, more each t he
tlet | f
Ut e Coul e 3t i DO 1A AT Oy PS5

even obroundveléﬁleg‘eodyare problenms with header boxes of existing art. A
gquadril ateral header is typically fornmed by welding flat plates together.
Each of ®he seans between the plates nust be welded. These |ong corner

wel ds result in shapibli6ARt b Mh&ARLON L me and

Air-cooled heat exchangers are frequently used in industrial applications. A

fluid, either a gas or a liquid, is passed through a series of cooling tubes while air
is mechanically passed over the exterior of the cooling tubes. The air absorbs heat

15 from the cooling tubes thereby lowering the temperature of the fluid within the
tubes. The cooling tubes may include lateral or axial fins to aid in heat transfer.

Heat exchangers typically include two header boxes having the cooling tubes
extending therebetween. The header boxes are formed from a hollow body, each of
which have a plurality of ports which allow fluid communication with the cooling

20  tubes. One header box is connected to an inlet coupling and, typically, the other

| header box is connected to an outlet coupling. Within the body, pass plates may be
disposed between groups of cooling tubes ports so that, a fluid entering the first
header through the inlet conduit must follow a serpentine path, back and forth
through the cooling tubes between the headers, to reach the outlet coupling.

25 Headers have many common cross-sectional shapes, fof example, a
quadrilateral, that is rectangular or square, round, oval and even obround. There
are problems with header boxes of existing art. A quadrilateral header is typically
formed by welding flat plates together. Each of the seams between the plates must
be welded. These long corner welds result in significant fabrication time and

30 expense. These welds, however, may fail, either in use or in testing prior to use.



30 expense. These wel ds, however, may fail, either in use or in testing
prior to use. WD 03/004955 2 PCT/ US02/ 21423 Additionally, because a
guadri | at woad3/oedser has generally right _angl e corners at rdmUSoeei«is, the
header is subject to stress concentratiofis which are |ocalized al ong the
wel ds. Thus, because stress concentrations contribute to potential failure
of the header, it is preferable to have unwel ded or curved surfaces in
pressure vessels. 5 A header having a circular, oval, or obround

cross-sectio 0 C Elnfc;r i i ke a

guadril ater aﬁdﬁggﬁ%& 8%?5(?2\ uf‘#@éﬁggarl ?%E[r(ﬁg\f}%ﬁ é’é}x&eé eriéﬂé_%ggl,e Cﬁ%ﬁ/%trtpe have
ot her probl ewslds,f e hexrrmd g;b[iéd_ﬂeo QfRb cotbehtedtRdns SMEch A¥Rbsdizéd/albag flel €l to
each another. Thus, when drilling cooling tube openings in a circular or

oval header,welde dihns, beghusersiress dpacensiations ¢oatribuie & pojertiabfzihee of digar dl ess
10 of where on.the peri r.the drill 1s |ocated,. Maintaining the

al i gnnent of DEfler d‘i’lglplrefge??&_ et_é) have p}lwﬂaecbprf ?‘fr(‘f?fi fl%rgqc.ef fPeprteBSblr%g?fogﬁt tomof a
circular or oval ReRHEH: haSinyd dfdutar, bfall 6r SBROEndErobd-Gdetibn iBeidi @tk £00! i ng
tubes to a curved surface than it is to attach the cooling tubes to a flat

surface. Anolatgerstiesobdreantrations dike hapadnlaterad hetieadoes Ascitcbr or whar e

t hreaded fl at hea 15 shoul der plugs are used to plug access holes, the
flat unders?]beélgﬁtf‘ﬂ{eﬁeg?)"f"a’&rh@é’ﬁ Ogllf‘ég’mlﬁgfls'f f]P’f ?/xaé‘?'lg%e € CARMRE IOSAIE ur f ace
of the head icafl 1101 872N 950184 L& : eader

may requi reethgtf#lE%rg machelg%l;l ng to'gﬁgﬂﬁﬁ%ﬁﬂrgﬁ@su&?lgggﬁgq‘ag&ﬂﬁ%g%tﬁug to
engage. Macheitduley or leahieader, theditilt ®f nuse bermmimained i sikgle ptanef reighellesheader
wall in the area of the plug. Thus, the entire header may have to be 20

manuf act U ecokiReTe 4R CRBFTImBiRE e bilegetednMAimaSENg WeabARRPH of tp@l i cd
pressure.  The dnvaihd 8olc ke BB BB RIS aMRgbut not all, of

t hese problens an vantages. An obrou eader has a

uni tary bodySimaill, itie ridr@difipiot dacly esdlingalibeitd ascumidcdirfteteaiess ed by
two curved opposing sides. The openings for the cooling tubes and pl ugs
are | ocat ed ®Hch e eapding tehes 2gadlaggyfacthus, the drilling of the openings

for the cooling tybes an he. pl. is. siplikfied d .t he .coql i ubes and
pl ugs are nore eagp?@erc %Bfegbuféoly‘%haé R 85%@?3 ?aerﬁésc%% e lleﬁeeﬂﬁ%a%gg :ﬁ%} ée de
froma upy t aghvuldieflpiugt BES @sedt6 piig Abdss hoRathe EXEBRersiie of the plug head does

not fully engage the curved surface of the header. Thus, to provide an adequate

sealing surface, the header may require spot face machining to provide flat surface
for the plug to engage. Machining the header reduces the minimum thickness of the
header wall in the area of the plug. Thus, the entire header may have to be

20  manufactured with an additional material thickness to contain a specified pressure.

The invention of the obround header solved some, but not all, of these

problems and has its own disadvantages. An obround header has a unitary body
with two flat opposing vertical sides which are connected by two curved opposing
sides. The openings for the cooling tubes and plugs are located on the two flat

25  sides. Thus, the drilling of the openings for the cooling tubes and the plug is
simplified and the cooling tubes and plugs are more easily coupled to the header.
Because the header is made from a unitary body, there are no weld seams except at
the ends where end plates are attached. The inlet coupling and outlet coupling,
however, must still be coupled to one of the curved sides. The coupling must be

30  specially formed to match the curved sides and attaching the coupling to the curved



the ends where end plates are attached. The inlet coupling and outl et
coupling, however, nust still be coupled to one of the curved sides. The
coupl i ng wasd3/ooe3530 specially formed to tch the curved Sici@ssoands23
attaching the coupling to the curved WO 03/ 004955 3 PCT/US02/ 21423 side is
difficult. Additionally, the obround shape nakes installation of the pass
plates nore difficult. Al so, because the curved sides extend above and

bel ow the plane of the cooling tubes, the obround header requires nore
space than a. it onal i der 4 S, erefore, a
need for a %é%%%?flﬁffgﬁﬁa%dggt@ g%hgl%gfg?d ng\% ‘li*ge %ﬂ%ﬁmggr@tmﬁgg;ﬂ% Vil ng a
quadri | at er gllates apse 8EfitilNNAlsoS Bag@se theeuseli Sides briehdaboveasd Heiw theheader
for a heat exchanger having one set of opposing, flat sides havin

openi ngs thdﬂ@mqwt?ﬁbg RoqliigcHbes; ghesebround hesden isqwisescioois space then ejtradigronebol i ng
tubes or plugs,. .and second set of opposing, flat sides having 10 openings
therethrough‘ﬂ‘}aﬁﬂﬁueﬁl}e&&?mtured to be coupled to an inlet coupling or an
outlet coupling. BiAMARLGE TR AMYENTL BMIEPRT S RAESEhaRRS VRS SuniBRE,
satisfied by the invention which provides a 15 header box having a unitary
body whi ch Haslyzhaymger qualyilaterh]l awss-spatiomal Skaper al cross- sectional shape.
The body has two sets.of generally flat, al l el , opposi sides. The
openi ngs for the tHdfhy f&rﬁg@és‘w&ﬂ O% A e?ﬂegg‘éf a heay ng rg‘%"’é‘ﬁé’”‘gé?t 8?
opposi ng si ; £or ; on
one side of ﬁﬁgsgég%%gfd%gtg V%g 083%13% ﬁ‘gregfrﬁgéﬁ &]%fcﬁgd?y%%dr?\?rr?gz? bgﬁgﬁ;ﬁé’q or a
t enper at ur e tpreither coslyngatubes lve plags, |amdad sebond senef @bpodirg,stlatesdésnhdviug
second set of opposing. sides. BRI EF DESCRI PTI ON OF THE DRAW NGS, These and
ot her ad\antQR§BEES therfBronebLbak atesfaisturerh tanpe (copled ke ap dalst CQUPLIRG T &ht
upon consi dej gl 9&11)@1 the follow ng detail ed description and attached 25
drawi ngs, wherern: |%1'ure 1is an isonetric view of a unitary body

guadril ateral header assenbly.

SUMMARY OF THE INVENTION

These needs, and others, are satisfied by the invention which provides a

15  header box having a unitary body which has a generally hollow, quadrilateral cross-
sectional shape. The body has two sets of generally flat, parallel, opposing sides.

The openings for the cooling tubes and the plugs are located on one set of opposing
sides. An opening for a inlet or outlet coupling is located on one side of the second

set of opposing sides. Other openings, e.g., for a temperature probe, may also be

20  located on one of the sides in the second set of opposing sides.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other advantages of the present invention will become readily

apparent upon consideration of the following detailed description and attached
25  drawings, wherein:

Figure 1 is an isometric view of a unitary body quadrilateral header
assembly.

Figure 2 is a cross-sectional view of a unitary body quadrilateral header
assembly.

30 Figure 3 is a side view of a unitary body quadrilateral header assembly.



Figure 2 is a cross-sectional view of a unitary body quadril ateral header
assenbly. 30 Figure 3 is a side view of a unitary body quadril ateral header
assenbl y. WoD308496304955 4 PCT/ US02/ 21423 Figure 4 is a sclramasoe/2dizagr am of
t he manufacturing steps for assenbling a unitary body quadril ateral header
assenbly. DESCRI PTI ON OF THE PREFERRED EMBODI MENT 5 As shown in Figure 1, a
heat exchanger assenbly 1 includes two unitary quadrilateral body header
assenbl i es or header boxes 10, that is, a first header box 12 and a second

header box 14. Th 12, |on. The
heat exchange ass&%ﬁégig pa{éﬁﬁu&i%}\agﬁﬁlaggﬁlgnﬁ r?h fs ﬁ%ﬁ?@ﬁgss%@ 58 two
coupl i ngs 18uniZfly blihyagﬁ@laﬂ&érabﬁmr ddembly.are general ly symmetrical and, as

lo such, only one hea box wi |l be described. The header box 12 incl udes
a hollow wunitary body 22 having a generally quadrilateral cross section.

Thus, the unitary bow&%ﬂ%ﬂ 4 spaced from
and general ly paralle Jeine ’ As shown in
Figures 1sand 2, nRehbiwhsih PigreS€Cantkat %kaﬁﬁ%&%ss&ﬁo@rﬁlﬂﬁﬁ@satwc)y unitary
hori zontal . The unitary body 22 also has a third generally 15 flat side 28

spaced from guadirjaerat hodyyheseenhdsemblies or mder bdxey lf)l ttat igur fitst beadler BOx  The
third andfo th si des ext end n erpendj cul ar to the first

and second d‘é‘g azﬂeco%(g%%‘ﬁ’ f‘g ﬂ?f E%@ ﬁ ’Eq gzs %areg eld g % 8pasedd ¢ o
each of the t e first
and second sfégléetgﬁlmﬁgjgéﬁr%rgmggé ggsgglf%ﬁnbleﬁﬁﬁllést se?plg?dqspgﬁteué Sf%?lﬁ%ont al

si des 32 whetwo omqﬂmgsjé& 20 ar‘i‘hzﬂlaad@elnoms dé 4 arngereratlyssyohemetsical dmiyas si de

26. The third ourth side 28, 30 scrj bed as a second set of
oacou: Vort i Oalyciie t3adr e Wik b GrcHPed; GBS hoter 5o 12 BclughsA BobmY y

bet ween abou pr r out
8.5 inches I%m\;?dr lﬁﬁ?%‘é‘ﬁd\/‘é\% hi@%p 1&@‘9@%&&5)%8@{3%”&%?% 'erﬂﬁll ﬁ@%ma\%g
about six antodyel \las iantiRegendrally diah sidardd spacel prosf em@@éneralagb aifall8l a25
inches in wdth. The unitary body 22 is, preferably, forned vvlth no seans.
The header b&saergllyaflaioseronsd tige 26nddsshawa iniHigures Acnd] Bt besirsy mdysecend) and

a

sides 24, 26 are generally horizontal. The unitary body 22 also has a third generally
15 flat side 28 spaced from and generally parallel to a generally flat fourth side 30.
The third and fourth sides 28, 30 extend generally perpendicular to the first and
second sides 24, 26. The third and fourth sides 28, 30 are coupled to each of the
first and second sides 24, 26 by rounded corners 40. The first and second sides 24,
26 may be described a first set of spaced, horizontal sides 32 where one side is an
20  upper side 24 and one side is a lower side 26. The third and fourth side 28, 30 may
be described as a second set of spaced, vertical sides 34. The horizontal sides 24,
26 are, preferably, between about six and twelve inches in width, and more
preferably, about 8.5 inches in width. The vertical sides 28, 30 are, preferably,
between about six and twelve inches in width, and more preferably, about 8.5
25  inches in width. The unitary body 22 is, preferably, formed with no seams.

The header box 12 also has two ends and a first end plate 42 (Figure 1) and a
second end plate 44 (Figure 2). The end plates 42, 44 are sized to fit snugly within
the perimeter at either end of the unitary body 22. The end plates 42, 44 are
coupled to the unitary body 22, preferably by welding. When the end plates 42, 44

30  are coupled to the unitary body 22, a fluid chamber 45 is formed.



second end plate 44 (Figure 2). The end plates 42, 44 are sized to fit
snugly within the perineter at either end of the unitary body 22. The end
pl at es 42wodes/0049%5 coupl ed to the unitaré body 22, preferadiyusdng2weBdi ng.
Wien the end plates 42, 44 30 are coupléd to the unitary body 22, a fluid
chanmber 45 is fornmed. WD 03/004955 5 PCT/ US02/ 21423 The header box 12 al so
includes a plurality of plug openings 46 on the third side 28 and tube
openings 48 on the fourth side 30. Each plug opening 46 is directly

opposite a tube o i 4 t. ke ! t hr h h. pl
opening 46 is al gg@g&ggrn %)?ﬁ?%ggolﬁ &gérllégoapélgg%%?? tgglgo gﬁilﬁ%& 453)% ﬂf‘ﬁéﬁllgd
al i gnment  of sigdr28 @h&@b@@?@ﬁiﬁg§4$ oft Sherforlrth W 30D FALW FRigdspeRIn@\U6I8 HiREGES S
for attaching the tubes 16 (described below) to each header box 12, 14

t hrough use @posite agrapening s A epsterln i passmgdhupugh gackeplag wgering 4bds 16 t o
t he head b bod 2. h h nbl be..16 ]

(ims 1o st ¢ S0NeR SoHtedie o a5 PRSP HoSSaME 46, THeSietn iR ardRe Fudibetineh ©
fluid w thingg f&ﬁd?tﬂb@%péﬁn%{"‘:fg %ﬁsﬂd@@ dcbass drop Uit g the dibkiese YfesciiBed t ubes

16 may al so have interior ot shown) to assist in heat transfer. Each
tube 16 i s clalpWedo teachbbeddebdrx hBadkt thro@gh fige af abhexpanhder apbbmayfshawnpbe

opening 48. Preferably, each tube 16 i xpanded to the box headers 12,
14. Each tub%nd‘érl?ysWFﬁlqgl%F“geégﬁﬂﬁl?ﬁ%e&a?rﬁ?pr\%ogﬁ he fluid chamber 45. As
such, a fluid in ghe fidast g%gﬁ{, dlig Sk BR S HO e
tubes 16 15 to tﬁe second ahea e tH)uig @EZ er (?%ot gﬁ%&n n§25 S O\Ifxln%&1i n
figure 3, atthemastTienfingpHs aidpindieat 6Xchmage betwekrsihe hdd within thef tubesd16 ahdnmber

45. The pass _plate includes_a ggnerally pl anar body 61. The pass plate 60
di vi des the thedlud ewisidpdhe Wbes K. Thedutss 100pay dsmbeveainiseios figs (ngfshowrd pass

plate 60 is,.dj.s; LV t ' i f.t
header box 19?45%51?&%&%?%@%22% C%] tg?%?%bs %"é‘ %gstgg’gpﬁvé%)&n? dﬁ?sxidz?jelgL ar%o
overlap or cl¢gion bhe thbdeperiped8ngPrefdiablypassh nlbat B &0exprndéE tovehedBek t 0

the unitary body 22, thereby sealing the first sub-chanber 62 fromthe
second sub- chadbisri2s44. Hashifeba b insiyig comumnigation Witk the dbricphanhes 5.

gatjlpleit ngoagl gggué}g agtlrlﬁeia I%F}' tl?elcﬁ#g hieapcﬂ:r %l(l:)lid cl:%?atm e% Qg ni1ar§1| per}ss %I?r%ﬁlglll He t%lgesa%j the
15  to the second header fluid chamber (not shown).
As shown in figure 3, at least one pass plate 60 may be disposed within fluid
chamber 45. The pass plate includes a generally planar body 61. The pass plate 60
divides the fluid chamber 45 into one or more sub-chambers 62, 64. The pass plate
60 is disposed at an angle relative to the vertical axis of the header box 12, 14.
20 Each pass plate 60 passes between, but does not overlap or cover, the tube
openings. The pass plate 60 may be welded to the unitary body 22, thereby sealing
the first sub-chamber 62 from the second sub-chamber 64.
The header assembly 10 also includes an inlet coupling 18 and an outlet
coupling 20. Both the inlet coupling 18 and the outlet coupling 20 are in fluid
25  communication with a header box fluid chamber 45. Depending on the number of
pass plates 60 disposed in the fluid chamber 45 of each header box 12, 14, the inlet
coupling 18 and the outlet coupling 20 may be disposed on the same header box 12,
as shown in Figure 3, or on different header boxes 12, 14, as shown on Figure 1.
For example, in operation, describing the header assembly 10 shown in

30  Figure 1, a hot fluid enters the header assembly 10 through inlet coupling 18, and



25 communi cation with a header box fluid chanber 45. Depending on the
nunber of pass plates 60 disposed in the fluid chanber 45 of each header
box 12, 1wo d3lve495al et coupling 18 and the outl et coupli ngpCAlUSvRR1428

di sposed on the sanme header box 12, as $hown in Figure 3, or on different
header boxes 12, 14, as shown on Figure 1. For exanple, in operation,

descri bing the header assenbly 10 shown in 30 Figure 1, a hot fluid enters
t he header assenbly 10 through inlet coupling 18, and WD 03/004955 6

PCT/ US02/ 214 e efrrs spb- cha r. g2 urdc nmber
45 of headerégVelg i@x t:hgcﬂar ?‘%CF részt f;tﬂbe Hgﬁb%q}ef L{gt ES"S@‘LGF gass
pl ate 60A. Theate@tonf 4 Wirst shdr@af the By Headdd BU40Pasd late WOAROTRd A& Afiidt fhent ubes
16A to the second header box 14. As the hot fluid travels through the

tubes 16, t heavdlufigough aHest edrtm afrthe stbes A6Ado Heateconsd héadesbor 14.d Asuhei de
of the tubes e ader b ass.pl ate B re ents .t he ot
1 uid froth‘i\/%‘Pr[E&‘Vg'ﬁ 8%18‘}%% f”i’ﬁ%%dﬁ?ﬁ“‘gwﬁf’ eﬁ} nSfe{Eng hgat ol hot
fluid travehgidt QirQHO BT PeSRBONT6 POrdd QRoRT hidier brﬂeﬁ,ﬁs ,I%ebé@]% %@em first
header box 12 into the second sub-chanber 64 of the ui d g of

first header hd:toﬂulanf;romltwahegl doactly @ ¢lon dutit deuplingt @ flnstead hihadent fhok pass
pl at e 60A. as the hot 10 qur traveésip%r{Hl h the tubes 16, the
f

fluidis coo %W?’r‘%h%ﬁ%‘?qnfir@)rﬂ%‘é {the fube Qrttg‘? fisstdreaderebax bes 16.

The fluid thgp, thav&losd tshb. i Qﬁhngr; t

t he second header g‘?)? 14S gleligﬂb&c%&clloggh?urt41 ertﬁgfg:f?ﬁt;hea#?xgggﬁcl?
tubes 16. Thicawdloack idcundisxﬂbeiﬁtm(fltﬂ hehder eadass place6dAy Aghib hiothghoput | et
coupling 20. 15 The unitary quadril ateral body header assenbly 10 is

const ruct®ed fleiddgpvsls thongh diestufesalf.ithe flaidsis 09?16@3 by fransferréngraesh saiths fluid

constructing 1% =Y a 1 egi.ns with
formng the %%tglﬁ ﬁsﬂ& qugsd(rﬂér;ll aﬂgrizllS p?‘lbneg%g%s E’?ﬂ&t Isdeggljé%ghg\ﬁﬁ ibe3
schemat i cal | y6C badk @uhesctond headei ex 180bdifig coléPTiFdR: b ee%m%s &%ﬂh@l pe,
for exanple Seam ess SA106grB | e 20 -manufactured by

di vi si on of Wheyilol SiheeroolgbdBidHbew GAitRIBE head%u@ﬁ@nblyTéQatbronngﬂerhe
pi pe 100 may be ¥gted on one or nore dies 102 structured to pass through
a press. The 0 is then passed through a hydraulic

15 The unitary quadrilateral body header assembly 10 is constructed using a
seamless quadrilateral pipe 112. The method of constructing the unitary
quadrilateral body header assembly 10 begins with forming the seamless
quadrilateral pipe 112. Initially, as shown schematically in Figure 3, the pipe 100 is
a common, seamless round pipe, for example Seamless SA106grB pipe

20  manufactured by North Star Co., a division of Cargill Steel, 8603 Sheldon Road,
Houston, Texas 77049. The pipe 100 may be mounted on one or more dies 102
structured to pass through a press. The pipe 100 is then passed through a hydraulic
forming roll 104, commonly called a “Turks Head” roll, having a first set of four
opposing rollers 106A, 106B, 106C, 106D, and a second set of four opposing

25  rollers 206A, 206B, 206C, and 206D. Each set of rollers 106A, 106B, 106C, 106D
and 206A, 206B, 206C, and 206D are disposed in generally perpendicular pairs.
Each roller in the first set of rollers 106A, 106B, 106C, 106D have an arced surface
107. The arced surface 107 has radius that is greater than the radius of the pipe 100.
Each roller in the second set of rollers 206A, 206B, 206C, and 206D is generally

30 cylindrical. Both sets of rollers 106A, 106B, 106C, 106D and 206A, 206B, 206C,



formng roll 104, commonly called a "Turks Head" roll, having a first set
of four opposing rollers 106A, 106B, 106C, 106D, and a second set of four
opposi ng % i3akdss 206A, 206B, 206C, and 206D. Each set dfcwadoker«3 106A,
106B, 106C, 106D and 206A, 206B, 206C, and 206D are disposed in generally
perpendi cular pairs. Each roller in the first set of rollers 106A, 106B,
106C, 106D have an arced surface 107. The arced surface 107 has radius
that is greater than the radius of the pipe 100. Each roller in the second

f roll , d D, i | 1y.30 indrjcal. Both
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PCT/ US02/ 214%3driﬁmi'al?£6§éd0§dﬁiaﬂill@.h The 100 Ry b Dased HRugh Mhd ﬂﬁnﬁﬁgmg
a

pi pe 100 to ve a quadrilateral shaped portion 110. The prpe 100 may be
passed t hr ougH l0Asevasaltimes. rol | 104 several tinmes. Once the quadril ateral

the round end pororsiiae S thietalndbefinor Gt TR Bame e Rned® isRafbAl 110
100 ML ST o R B A N P o i By SR 1 g
t he quadri Ipragemal 1Gisdhedanmealed enreidye dflyisternahsiress easied dyithe foradmntabs
i ckneas baieoMIHSHE B8 (e SRGAIIEAOFFIc 140 Ve TRBCHGAAYI gt ORITpiThe 112
openi ngs. 46, S E L g e DR R e S kit

and/ or cut ipipd DE2.qUEdr dideat ff the quingeilafelal pipbidiayd W ghickedss hgsvecitabadne Othhen
tapped. The end plates 42, 44 and any pass plates 60 are welded to the
quadr i | dfer anddi A2 inches. Rhe guasirilaigral ginesl 128 thea qus hg, apprapristensirs fagya

wel di ng, tohe dri,| ater.al, pi 112, T rtiallyeconpl ete assenbly
10 may be hggge%éﬂﬁglqﬁgl ilélv;l%gn{)/lugt?p:egfsnjg%aﬁgg@b%&pﬁ]@&%é&r%ﬁya ngpgﬁlirégs The
tubes 16 ar epehig ¢ thas [Aeilled and 0P cutiadle quadrBiistal pipeeia21 IPhe Fhsk @PEhiAgs

t her ebet ween, at the tube openings 48 by known nethods, such as an

expansi on t ¢l argrthesetappage] Bt end matesHdadé rand 29% ppssyplates 08 are piepsledtte dhdyy

i 2;23' lp: Eg g@gﬁﬁﬁéefﬂ&ﬁé HZe rﬁ P:(l)IYplf%gbfg 1Is eznza arélcljed? p%%grlgl%fy l}yzéfeldiﬂ]g,ttg %he 20

15 quadrilateral pipe 112. The partially complete assembly 10 may be heated to relieve

any stress caused by the assembly process. The tubes 16 are then attached to two

quadrilateral pipes 112, extending therebetween, at the tube openings 48 by known

methods, such as an expansion tool or seal welding. The header assembly 10 is

completed by installing plugs 120, preferably a bolt 122 and a gasket 124, in the
20  taped plug openings 46.

While specific embodiments of the invention have been described in detail, it
will be appreciated by those skilled in the art that various modifications and
alternatives to those details could be developed in light of the overall teachings of
the disclosure. For example, the inlet and outlet couplings 18, 20 are typically on

25  the lower of the two horizontal sides 26. The inlet and outlet couplings 18, 20 may,
however, be on any side 24, 26, 28, 30. Accordingly, the particular arrangements
disclosed are meant to be illustrative only and not limiting as to the scope of
invention which is to be given the full breadth of the claims appended and any and
all equivalents thereof.
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VWil e specific enbodi nents of the invention have been described in detail,
it will be appreciated by those skilled in the art that various

nodi fi cat wons/a#ds al ternatives to those details coul d be maAviEsoopedsi n

| ight of the overall teachings of the di%cl osure. For exanpl e, the inlet
and outlet couplings 18, 20 are typically on 25 the |ower of the two

hori zontal sides 26. The inlet and outlet couplings 18, 20 may, however,
be on any side 24, 26, 28, 30. Accordingly, the particular arrangenents

di sclosed are neant to be illustrati vecﬁgp\égand not limting as to the
scope of invention which is to be gi full breadth of the clains
appended andvwipy iadl@imedli: equi val ents thereof. 30 WO 03/004955 8

PCT/ US02/ 21423 CLAIMS What is claimed is: 1. A header box for a heat
exchanger conprisilng: A hraferdwoxufer adeyt excbigngencomprifiagir general ly fl at
sides formng a generally. 5 quadrilateral cross-section.and two ends; two
end plates, one egg}?lilpgc%qﬂé‘&y &P&y ﬁ&lnéoff]b’i éﬁlefacslfi’ a%fcﬂdfégnﬁ)rﬁlfng Héeﬂ?ﬁaﬁ?ﬁry
body; a pd ur ghddriatefal Btd8s@BBAaAGSwd ehdL ed on one said generally flat side;
and a plurality of tube openings on one said generally flat side opposite
said one 10 genetwd kyd plags, sneleachalocated sgiand poupgied perdaniyend 2f tHhanikmader
box of clai rrbl wherein said unitary body has: a first set of spaced,
opposed gene %y horizontal flat sides and a second set of spaced,
opposed generally i i : ' [ . qan aid tube
openi ngs di sposedax)ﬁﬁg%??f\?iedﬁtaépc%&g?%%i@ @a@ggglt%g&%ggrﬂagglggéﬁcﬁct ured to
engage a plural ity phiralityugsubeaopenszgscort oddesaip gerierdly Satrsidd oppedité eaibd@®ne
coupled to a plural hty_of heat exchange . tubes. 20 3. The header box of

cl aim 2 Wher &sugrally tlat’side having said plug openings.

2. The header box of claim 1 wherein said unitary body has:
a first set of spaced, opposed generally horizontal flat sides and a second set
of spaced, opposed generally vertical flat sides;
15 said plug openings and said tube openings disposed on said vertical sides;
said plug openings structured to engage a plurality of plugs; and ,
said tube openings structured to be coupled to a plurality of heat exchange

tubes.

20 3. The header box of claim 2 wherein:
said first set of sides includes an upper side and a lower side; and
said lower side having an opening structured to be engaged by an inlet or

outlet coupling.

25 4. The header box of claim 3 wherein:
said unitary body includes one or more pass plates;
said pass plates having generally planar bodies;
said pass plates disposed within said unitary body and at an angle to said
header box vertical axis; and

30 said pass plate coupled to said unitary body.



said first set of sides includes an upper side and a | ower side; and said

| oner side having an opening structured to be engaged by an inlet or

out | et cowa 03rg49525 4. The header box of claim 3 wherein: E@A/Gsani«ary body
i ncl udes one or nore pass plates; said 3ass pl ates having general ly pl anar
bodi es; said pass plates disposed within said unitary body and at an angle
to said header box vertical axis; and 30 said pass plate coupled to said
unitary body. WO 03/004955 9 PCT/ US02/21423 5. The header box of claim 2
wherein: said first set of sides has a wi dth between about six and twel ve

i nches; and said second set of sides has a hei ght between about six and

twel ve inches. 556. Titke h&ddebhobokclaim ¢lvwtief@ig: Wwherein: said first set of
sides has a width of about 8.5 inches; and said second set of sides has a

hei ght of about 8s&d figiseisof sidys has FREdihcgtiesentabruicix anchiwalve inkbeseiand sai d
unitary body has rounded U ne S. bet ywee i d Si es. 8. A
heat exchange ass%arlr%rgﬁfog%ﬁ% ﬁhas %ﬁﬂﬁgﬁﬁ éﬁwﬁ%ﬁ% {ﬁjx aﬁ%t"é‘? Ve &IPSt wo

header boxes, said header boxes held in a spaced relation; said inlet
coupling coupled to one said header box; an outl et coupling, sai d coupling
coupl ed to one sabd hedbeheadoxboroftlaimaliwheraf: heat exchange tubes, said

heat exchange tubes oupI n en saj d header boxes; 20
sai d header boxessaé St s tn‘%rchge?%@s aé{"la‘%‘lqr}@hp%nggam havi ng four
general ly flat sidgs {QnasaPraidsnss 2hbisne %@ﬁﬂé%ﬁéh%& cross-section and

two ends;

10 7. The header box of claim 1 wherein said unitary body has rounded

corners between said generally flat sides.

8. A heat exchange assembly comprising:
an inlet coupling;
15 at least two header boxes, said header boxes held in a spaced relation;
said inlet coupling coupled to one said header box;
an outlet coupling, said coupling coupled to one said header box;
a plurality of heat exchange tubes, said heat exchange tubes coupled to and
extending between said header boxes;
20 said header boxes each comprising:
a hollow unitary body having four generally flat sides fc;rming a generally
quadrilateral cross-section and two ends; ‘
two end plates, one located at and coupled to each end of the unitary body;
a plurality of plug openings located on one said generally flat side; and
25 a plurality of tube openings on one said generally flat side opposite said one
generally flat side having said plug openings, wherein said tubes are coupled to said

header boxes at said tube openings.

9. The heat exchange assembly of claim 8 wherein said unitary body

30  has:



two end plates, one |located at and coupled to each end of the unitary body;
a plurality of plug openings |ocated on one said generally flat side; and

25 a pl uraig éspopfsst ube openi ngs on one said generally fl atpcaig20pp9site
said one generally flat side having said plug openings, wherein said tubes

are coupled to said header boxes at said tube openings. 9. The heat
exchange assenbly of claim8 wherein said unitary body 30 has: WO
03/ 004955 10 PCT/ US02/ 21423 a first set of spaced, opposed generally

hori zontal flat sjgde nd a second set of. spaced ased neral |y
Vertical flat si oot sdid FrRE BpdPRsen Sy B BRCSRE G Sbupbeea on
said verti CQJfSFgééq,sbpp(géw%_élegﬁjydve@ﬁ@m fAP§AkNAgs structured to engage a
plurality of plugs. 10 he héat exchange assenbly of claim9 wherein:

said first set ofsagi pbg-dpnnilngsi@ad aaiduibe ropsiidgs disdosed| mweaid siedidgal sales; sai d
header box Ioaer si de having an inlet opening; 10 one said header box | ower
si de having@3fi outl et opening said inlet coupling coupled to said inlet

openi ng; sand Saisq@lgégke - &kﬂu@ﬁrﬁfbpérﬁggéé)g@ﬂslgy gphﬁgg‘ opening. 11. The

heat exchange asse clmaim 10 erein: tary body includes
one or nore pass plates; said pass plates having generally planar bodies;

sai d pass plates disposed within said unitary_ body and at an angle to said
header box verticd axihé hegierchangs gssrnably of claim §uBheent 0 sai d unitary body.

20 12. The heat : ] . s Ld first set of
sides has a w dt ﬁgé e ngert]%g%gg%)in)sé}ugfesé%ﬂaﬁ]‘g;\a@é%bdg}ﬁﬁgﬁgxgeﬁgl%% sai d second set
of sides has a hejmghhidiehdedoxdbwed sidé Kaving ah wadt\Peninghes.
10 one said header box lower side having an outlet opening
said inlet coupling coupled to said inlet opening; and

said outlet coupling coupled to said outlet opening.

11.  The heat exchange assembly of claim 10 wherein:
15 said unitary body includes one or more pass plates;
said pass plates having generally planar bodies;
) said pass plates disposed within said unitary body and at an angle to said
header box vertical axis; and

said pass plate coupled to said unitary body.

20
12.  The heat exchange assembly of claim 9 wherein:
said first set of sides has a width between about six and twelve inches; and
said second set of sides has a height between about six and twelve inches.
25 13.  The heat exchange assembly of claim 9 wherein:

said first set of sides has a width of about 8.5 inches; and

said second set of sides has a height of about 8.5 inches.

14.  The heat exchange assembly of claim 8 wherein said unitary body has

30  rounded corners between said generally flat sides.



25 13. The heat exchange assenbly of claim9 wherein: said first set of
sides has a width of about 8.5 inches; and said second set of sides has a
hei ght of wabiswn48s55 i nches. 14. The heat, exchange assenbl yaafusobai4rs 8
wherein said unitary body has 30 rounded corners between said general ly
flat sides. WO 03/004955 11 PCT/ US02/ 21423 15. A method of making a
unitary header box for a heat exchange assenbly conprising the follow ng
steps: (a) formng a seam ess quadrilateral pipe; 5 (b) drilling plug
openi ngs and tube openings in said sean ess quadrilateral pipe; (c)

wel ding at | east one inlet/outlet coupling to said seam ess quadril ateral

pi pe; and (d) welr§ ng Rasshdd ctRgkinnd uaiskyHead@DokFosaheatEtaihnigk at er al
pipe. 10 '16. The nethod of claim 15 whefein, said step of formng a

seam ess  quashniblzcemprisipg the foHowingsstenishe step of : (a) passing a seanl ess
round pi pe througdg a form n%lrol havi(ﬁ_g t% sets of four rollers, said
rollers in generafly ptgfrﬁlélﬁ i %€ S AUAGrEAteil BIDEhy a portion of 15 said
round pige i's def@smedidigndayRed Gpiames! ahE" Albes \HRERLPO | la Llamibhe
met hod of claim 1(25 wherrei né,1 galgd css?]{éep@of form r?ghgﬁseém ess quad?lﬂ at er al
pi pe i ncl udempadtiltdralriiper steps of: (a) cutting off the non-quadril ateral

shaped end portions of sajd pipe; 20 (b) _ annealin aid quadril ateral
shaped portion; (@) shBeldpe , o | E‘ij’stsa‘?‘%? qﬁ‘é‘?i}rzﬁuﬂﬁtt e‘f"gpﬁ%ab%dsad‘értsle%ﬂle%

remove any ; I [ sai d anneal i ng process; and (d) cutting said
qgquadril ater aﬁ”kgﬂ%%?fg%ér’ta@?n to an appropriate size for a box header. 25

@ welding pass plates and end plates to said quadrilateral pipe.
10
16.  The method of claim 15 wherein, said step of forming a seamless
quadrilateral pipe includes the step of:
€Y passing a seamless round pipe through a forming roll having two sets
of four rollers, said rollers in generally perpendicular pairs, whereby a portion of

15  said round pipe is deformed to have a quadrilateral shaped portion.

17.  The method of claim 16 wherein, said step of forming a seamless
quadrilateral pipe includes the further steps of:

(@) cutting off the non-quadrilateral shaped end portions of said pipe;

20 (b)  annealing said quadrilateral shaped portion;

©) shot blasting said quadrilateral shaped portion to remove any mill
scale from said annealing process; and

(@) cutting said quadrilateral shaped portion to an appropriate size for a
box header.

25



