WO 01/ 16255 PCT/ US00/ 20810 -1 DOUBLE- FI RED HORI ZONTAL TUBE HEATER FIELD
OF THE I NVENTI ON The present invention relates to double-fired heaters

havi ng i ant heat exchange tube supported in horizo s by a

t ube sug%é)@?ifg%nd nore particularly to such a heater haﬁé@?@@%ﬁ
features that sinplify replacenent of 5 .the tube and tube support.
BACKGROUND OF THE I NVENTION In a double-fired heater, at |east one heat
exchange tube, which carries a process fluid (liquid or gas), is heated by
conbustion fromtwo opposing sides of the tube in a radiant section of the
heater. This invention relates to a subclass of 10 such heaters, which wll
be referred to as "horizontal tube heaters,” in which the tube (or tubes)
wi nds back and forth in horizontal lengths to forma coil panel (or

panel s). The coil panel i i thin the i ant tion by tube
supports. Horizontal t @Bi‘gggﬂ{éﬁifwggTﬁﬁ‘ I@iﬁ# HEOdd S es as "cracki ng"
ethylene dichloride (EDC) into vinyl chloride for use as fibers and

pl astics (such a heater is 15 referred to as an EDC furnace), vapori zing
sul fur in petrochem cal applications, heating coking feedstock, and the

li ke. One eXARPDeOPITHENDIVENTI@N tube heater, used for heating coking
feedstock, is illustrated in U S. Patent No. 5,078,857, to Mlton. WO

01/16255 PCT/ USCO 2191%];Q'esent invention relates to double-fired heaters having a radiant

heat exchange tube supported in horizontal lengths by a tube support, and more
particularly to such a heater having design features that simplify replacement of

5 the tube and tube support.

BACKGROUND OF THE INVENTION
In a double-fired heater, at least one heat exchange tube, which carries a
process fluid (liquid or gas), is heated by combustion from two opposing sides of
the tube in a radiant section of the heater. This invention relates to a subclass of
10 such heaters, which will be referred to as “horizontal tube heaters,” in which the
tube (or tubes) winds back and forth in horizontal lengths to form a coil panel (or
panels). The coil panel is supported within the radiant section by tube supports.
Horizontal tube heaters are used in such processes as “cracking” ethylene
dichloride (EDC) into vinyl chloride for use as fibers and plastics (such a heater is
15 referred to as an EDC furnace), vaporizing sulfur in petrochemical applications,
heating coking feedstock, and the like. One example of a horizontal tube heater,
used for heating coking feedstock, is illustrated in U.S. Patent No. 5,078,857, to

Melton.



-2 As a practical matter, nost horizontal tube heaters will contain a
convection section in addition to the radi ant section. I n the convection

secti one, (‘m%%% is enpl oyed downstream and at a hi gher elpgqaidoosifhan t he
r adi ant "oeU , a convective tube coil (or coils) is exposed to a flow of

hot exhaust from 5 conbustion in the radiant section. In many hori zontal
tube heater applications, such as those nentioned above, the tube and tube
supports are subjected to harsh operatppng or environnmental conditions.
These conditions can lead to significant corrosion, and wear and tear on

t he tube and supports, requiring the tube and/or supports to be 10
periodically replaced--typically after five to ten years of service. In a

typical horizontal tube heater, the. repl nd/ or
supports is an ondf étEaCthﬁsW‘g?—‘op%ﬁ&%?%%%ﬂ@]ﬁﬁg%%h{ml\%g%? 284, 053, to
Fl ei scher, teaches a double- fired heater with an offset chimey. A tube
coil is tomnvegarseedomhin adiimntorthe Jadippr $e€tionh %H‘ea“r%wg?}k“ﬂesr?&%%“’f rom t he
heater structural framework and extend into the heater through small

openi ngs t RHRHAY einpRoyde doanstrent andrhea bigher elgsationethan tlest eadidsk geatioss ed
around the support with cenent. The heater taught by Fleischer appears to

suffer f romcéx!;lfecﬁ bk WBA-(bE BhIRG §EBX0sEd ek ks opRotdGhucidrdnzont al  t ube
It1ona

heaters. Tt & y, the horizontal |engths of tube have to be cut into

20 sections and renoved Iongit d}lnally, one section at a tinme, through a
8oor in a cqmbyster 1B He RAFIUSSEHA s t f oni ng, | owering and removal of tube

| engt hs | ocated at .. .
In many horizontal tube heater applications, such as those mentioned

above, the tube and tube supports are subjected to harsh operating or
environmental conditions. These conditions can lead to significant corrosion, and
wear and tear on the tube and supports, requiring the tube and/or supports to be

10 periodically replaced--typically after five to ten years of service. In a typical
horizontal tube heater, the replacement of the tube and/or supports is an onerous
task.

For example, U.S. Patent No. 3,384,053, to Fleischer, teaches a double-

fired heater with an offset chimney. A tube coil is top-supported by hinged

15 supports, which are suspended from the heater structural framework and extend
into the heater through small openings through the heater roof. The openings are
preferably closed around the support with cement. The heater taught by Fleischer
appears to suffer from the same tube-replacement drawbacks as most horizontal
tube heaters. Traditionally, the horizontal lengths of tube have to be cut into

20 sections and removed longitudinally, one section at a time, through a door in a
furnace end wall. The sectioning, lowering and removal of tube lengths located at

higher elevations in the heater can be difficult and somewhat hazardous. Also, the



hi gher el evations in the heater can be difficult and somewhat hazardous.

Al so, the WO 01/16255 PCTI USOO 20810 -3 replacenent tube has to be

i nsert OBQ%Ggﬁﬁand assenbl ed inside the furnace in a sinpdBEUSHROSION -

Furt her’, se it has not been practical to replace the tube supports

wi thout dismantling the tube or cutting apart the tube support, the task is
still onerous even if only a tube support needs replacenent. 5 Attenpts
have been nmade to provide a renovabl e-nd wall through which the entire
tube coil panel can be renmobved on slides or rails. These attenpts have
generally proven to be costly and inpractical. One such attenpt is
illustrated in U S Patent No. 2,456,787, to Kniel. This patent

il lustrates a heat | BPtntd An@ AReMbIcA iROid¥ehd firRaceeiatd on, in
whi ch Onere[p&)&gmglgtl @BFggggdu ?g&ﬂtr ed and two 10 peripheral coils are

Chanber . Al e BTG P TSR PPhPERECA I R RO 0o e

er

doubl e-fired tube coil is supported in the chan&er Eéx/ coi | _sfﬁgpag ts,
through wdppofts iwitliond disantlingcthp subss on ¢HELRE BRATE HiE| URS SYERRPTS ity
supports suspend froma |ongitudinal track (located above the furnace
chamber begfieasroubevaxifaisy adulsd syppdf mbednreplacomgit.- a sl ot (parallel to the
track) in the furnace chanber roof and into the furnace chanber. The roof

sl ot is normall yA‘ileﬂgﬁghQJe%}ﬁ AR SURBGIGES fesoRiblgedd wdlbtoesh, the i nner
r

surfaces of which'a ormed of refractory material. Another slot, which

is also normal ly closed by.a hinhged c i & ¥ efifsACHRIY akiBRsts
sur f ace, i“@l‘ﬂ’rg’\?i@é‘ﬁe F“%etq\{?él @Hﬁl %é’ld?e. l":&ﬁol.e&?lﬂ(i‘to esthrﬁgsg? gz{lgt ang end-g/al | sl ot
cl osures . o

have generally proven to be costly and impractical. One such attempt is illustrated

Ln

in U.S. Patent No. 2,456,787, to Kniel. This patent illustrates a heater, designed
not to employ a convection section, in which one tube coil is double-fired and two
10 peripheral coils are single-fired (i.e., exposed to flame on one side only) in a
furnace chamber. A pair of exhaust ducts extend from the furnace chamber roof.
The double-fired tube coil is supported in the chamber by coil supports, through
which horizontal lengths of the tube coil extend. The coil supports suspend from a
longitudinal track (located above the furnace chamber between the exhaust ducts)
15 down through a slot (parallel to the track) in the furnace chamber roof and into the
furnace chamber. The roof slot is normally closed around the supports by hinged
closures, the inner surfaces of which are formed of refractory material. Another
slot, which is also normally closed by a hinged closure with a refractory inner
surface, is provided in the end wall. When the roof slot and end-wall slot closures
20 are opened, the coil can be removed or inserted through the end-wall slot by
moving the support along the track. This is a complex arrangement, requiring

large openable closures in both the roof and end wall, as well as structure



20 are opened, the coil can be renoved or inserted through the end-wall
slot by noving the support along the track. This is a conpl ex arrangenent,
requirin | arge openabl e closures in both the roof and s wel |
as strue’&h?'éla%% 01/ 16255 PCT/ US00/ 20810 -4 extendi ng wel rfggdto}z%lg furnace
chanber end wall to support the track that carries the coil as it is
renoved t hrough the end wall. Further, no provision is made for

i nterchangeability of the tube supportsg.i ndependently of the tube coil.
Mention shoul d be made of another class of double-fired heaters, 5
referred to herein as "vertical tube heaters,” which utilize tubes arranged
in vertical lengths instead of horizontal. The construction features,

applications and naintenance needs of vertical tub eat er re ite

di f ferent $xtendinp el gretihetiimace g %{?‘éq’§P8éY?dl,C‘°t WBP%‘?&F%%‘*@%@@S?“‘?%

di scussion herein will not apply to vertical tube heaters., For exanple, in
most vert i thalcofludset Fserermmved thiougl da ¢nsawali | Farthen gionrroyision is madspisF t ed

individually fromoutside the radiant section by a system of |inkages and

count er wei glidrShanEBAIEG! dfthe tebessupports imephidestipot thenpbeyeid. wi t hin the
radi ant section of thé heater. As with horizontal tube heaters, however,

the vertical | en?'felﬁﬁoﬂrsﬁ?ﬁl}mkcxﬂ& eyoii Alald ¢ish 8t byubieged gehrgRd renoved.

Due to the orientation of the tube lengths, they are typically inserted
Soct | on. . SoerTe e & oo qurg i ofisulifzq B! Rlane¥) 30 057 ane
3,265,043, both to Lee, et al.; 3,348,923, to Denarest; apd 4, 955,323, to
Zi eni anek. vesticgrlongths instdad ofdhwsizpnptal. The construction features, applications and
maintenance needs of vertical tube heaters are quite different from horizontal tube
heaters, and, therefore, much of the discussion herein will not apply to vertical
tube heaters. For example, in most vertical tube heaters, the vertical tube lengths
10 are supported individually from outside the radiant section by a system of linkages
and counterweights. Generally, no support members are employed within the
radiant section of the heater. As with horizontal tube heaters, however, the
vertical lengths are typically longitudinally inserted and removed. Due to the
orientation of the tube lengths, they are typically inserted and removed through
15 small openings provided in the roof of the radiant section. Some examples are
illustrated in U.S. Patent Nos. 3,230,052 and 3,265,043, both to Lee, et al.;
3,348,923, to Demarest; and 4,955,323, to Ziemianek. No provision is made in
any of these patents for insertion and removal of multiple tube lengths as a unit.

Obviously, with no in-radiant-section tube support, there is also no provision for

20 interchanging such a support independently of the tube.



any of these patents for insertion and renoval of nultiple tube | engths as
a unit. Cbviously, with no in-radiant-section tube support, there is also

no provyj.si o r 20 interchangi ng such a support indepen he tube.
WO 01/1 ﬂg%% US00/ 20810 -5 Accordingly, there is a ng’ggklhgr@/?%és art for

a horizontal tube heater in which provision is nmade for sinplified renoval
and replacenent of a worn tube coil panel. There is a further need in the
art for a horizontal tube heater in wii-ch 5 the coil panel can be renoved
as a unit, and a replacenent coil panel can simlarly be inserted as a
unit. There is a still further need for a horizontal tube heater in which a
tube support can be renpved and repl aced i ndependently of the coil panel

itself. SUMVARY : . J j i € Bedtéeinf Or egoi ng
needs i n the art%%orgm,gﬂfgﬁg%wﬁ%é 1Y 6Y 4 BBrifsiAsIaa6E€ Bedtérein

y Ing a horizontal tube heater in which the tube

coil panel can be renove d repl.aced i i j he tub
sulppolrot s Wh@&ramswﬂdé\rﬁlaglgafgﬁaﬁmﬂqﬁﬁalIFV%gﬂaa%d?r%éng%rﬁggn({flndyw@tncrrgl\l/%deang ©

repl aced. In one aspect, ny invention relates to a heater which includes a
radi ant &4l paeii on having a wall and a roof, the roof having a

| ongi tudi nal opening. A radiant heat exchange tube is disposed in the
radi ant secti on, Tasg i hefuttibendedsinahe aitrfoet hmnidontat fubt hehten iy whidhi ch a
process fluid can be carried respectively into and

the coil panel can be removed as a unit, and a replacement coil panel can similarly
be inserted as a unit.
There is a still further need for a horizontal tube heater in which a tube

support can be removed and replaced independently of the coil panel itself.

SUMMARY OF THE INVENTION
10 My invention addresses the foregoing needs in the art by providing a
horizontal tube heater in which the tube coil panel can be removed and replaced as
a unit, and in which the tube supports preferably can be individually and
independently removed and replaced.

In one aspect, my invention relates to a heater which includes a radiant
15 section having a wall and a roof, the roof having a longitudinal opening. A
radiant heat exchange tube is disposed in the radiant section, and the tube has an
inlet and outlet through which a process fluid can be carried respectively into and
out of the radiant section. The tube between the inlet and outlet is arranged in
generally horizontal tube lengths. A plurality of burners is provided, at least two
20 of the burners being disposed on opposing sides of the tube. A plurality of tube

supports are releasably positioned at longitudinal intervals along the tube lengths



out of the radi ant section. The tube between the inlet and outlet is

arranged in generally horizontal tube lengths. A plurality of burners is

provi de

d, at |east two 20 of the burners being di sposed i si des
of the Wﬁ’o‘g}mkspl urality of tube supports are rel easabl ﬁg@@?’?@ggd at

| ongi tudi nal intervals along the tube | engths WD 01/ 16255 PCT/ USOQ 20810

-6 and define tube seats on which the tube | engths rest. The tube and tube
supports are liftable as a unit through the | ongitudi nal opening of the
roof of the radiant section. Preferably, the tube |lengths are
substantially parallel and substantially 5 aligned vertically, and each
tube support includes a generally vertical stanchion. The tube lengths are

al o prefer abl . sybicl antJ &l Lichl boRe tehidhs the NRgisainabe sagrpisng of the

roof of tH& I on. support can i1 nclude a generally

vertical stanchion and a_ plurality .of .syppor.t ar t (t.oarns

defi ni ng taie lifigble ascmprit étﬁﬂuéé&ﬁgloxﬁlg’q‘%lfé%g’gﬂgffﬁesfoggg’&ﬁég&?hatén st anchi on.
Preferably, the tube supports are rel easably suspended within the radi ant
section freemiabove the tube | engths. Each tube support can be laterally
restrained below the tube |lengths. In one enbodi nent, each tube support
has an upper end pwférablyexiecnbs léngtinugh stbsaritialy ipataifehad mbetantiglyof t he
roof . Each tube support can 15 further include a shoul der affixed to the

Upper end {ntﬁgeveﬁicaﬂg,:" exfl @6e &@ggﬂ inb1RE& £ deRPAKLvArhEal saiRDh. Secti on,

erein th e supp IS suspen fromthe
The tube lengths are also preferably substantially aligned with the longitudinal

opening of the roof of the radiant section.

Each tube support can include a generally vertical stanchion and a

plurality of support arms, the support arms defining the tube seats and being
10 releasably fastened to the stanchion.

Preferably, the tube supports are releasably suspended within the radiant
section from above the tube lengths. Each tube support can be laterally restrained
below the tube lengths. In one embodiment, each tube support has an upper end
which extends through the longitudinal opening of the roof. Each tube support can

15 further include a shoulder affixed to the upper end of the stanchion so as to be
located above the radiant section, wherein the tube support is suspended from the
shoulder. A bridge support member can be removably secured across the
longitudinal opening of the roof of the radiant section, wherein the shoulder seats
on the bridge support member in order to suspend the tube support.

20 The heater can include a convection section containing a convective heat
exchange tube. The convection section is typically above and offset horizontally

from the tube.



shoul der. A bridge support nenber can be renovably secured across the

| ongi tudi nal opening of the roof of the radiant section, wherein the

shoul der on the bridge support nmenber in order to e tube
support _wégﬁsftﬁgs heater can include a convection section cl?)n /gilgb;llllg&r‘l}%na
convective heat exchange tube. The convection section is typically above
and of fset horizontally fromthe tube. WO 01/ 16255 PCT/US00/ 20810 -7 In
one enbodi nent, the heater includes a ffair of the radiant sections; a pair
of the tubes, one tube disposed in each radiant section; a pair of sets of
the burners, one set of burners being disposed in each radi ant section; a
pair of sets of the tube supports, one set of tube supports being di sposed

in each radiant s@cti.Ofnhiifbs thePfdaterAhcl6@RVA Bt OF RESLdINP SectRAS
convection section being operafively connected to a different one of the

radi ant sections and | ocated above. and of f s. I.zont-al r he tube
di sposed iRtk %&Edﬁn@@cf)@ﬁ “ﬁ’&oq%g?ﬂse%gb?alcgr{?élsh%seggg)frl’ %B 51?&%%3%8? F}(l)én sections
bei ng di sposed adj acent to one another. |n another aspect of i nvention,
a heat er itrherdesneasat afiibamers being ¢isposad WAL gadiantertio ¢ RAIF ghfets Pfe]e r oof
havi ng a | ongi tudi nal opening. A radiant heat exchange tube is disposed in
t he radi aruhewmpgortéﬂl‘mdsebef hie sapportd dingddposetl| ipteach madsangisestiingh a
process fluid can be carried respectively into and out of the radiant

cet o ol YR A ST EhAERTah e il et mropaargener

and ali gnegonnected to a different one of the radiant sections and located above and offset
horizontally from the tube disposed in the connected radiant section, the pair of
convection sections being disposed adjacent to one another.

In another aspect of my invention, a heater includes a radiant section

10 having a wall and a roof, the roof having a longitudinal opening. A radiant heat
exchange tube is disposed in the radiant section. The tube has an inlet and outlet
through which a process fluid can be carried respectively into and out of the
radiant section. The tube between the inlet and outlet is arranged in generally
horizontal tube lengths, and the tube lengths are substantially parallel and aligned

15 vertically to form a coil panel that is generally aligned with the longitudinal
opening of the roof of the radiant section. A plurality of burners, at least two of
which are disposed on opposing sides of the coil panel, are provided. A plurality
of tube supports are releasably positioned at longitudinal intervals along the tube
lengths. The tube supports include generally vertical stanchions and support arms

20 extending from the stanchions, wherein the tube lengths rest on the support arms

so that the tube support supports the coil panel. The coil panel and tube supports



15 vertically to forma coil panel that is generally aligned with the
| ongi tudi nal opening of the roof of the radiant section. A plurality of

burnersw(%mk%st two of which are disposed on opposi ng pgiTeesdoés1d he coi l
panel, are provided. A plurality of tube supports are rel easably
positioned at |ongitudinal intervals along the tube |engths. The tube
supports include generally vertical stanchions and support arns 20
extending fromthe stanchions, wherei n8he tube |engths rest on the support
arnms so that the tube support supports the coil panel. The coil panel and
tube supports WO 01/ 16255 PCT/US00/ 20810 -8 are liftable as a unit through
t he | ongi tudi nal opening of the roof of the radiant section. These and

ot her obj ect i}.ﬁf’{lllg%%o%lr ']?Iﬁt ﬁﬂgu%{ejﬁ@ﬂf)%ﬁﬁli&fl of¥nihf 6 tic Bf Of litke RAiankOr €

appar ent 4% ow ng det ai description with reference to the 5
appended drawi ngs, in which like reference nunerals indicate |like elenents
t hr oughoutSeC®-EF DESCRI PTION OF THE DRAWNGS FIG 1 is a schematic
sectional front elevation of a horizontal tube heatffer accordi n@. Lg a

UEPE onal

preferred embodi rBimse @hd wgher pbigsts, deatures apd advantages of My ERHQN
side el evation of the horizontal tube heater illustrated in FIG 1. FIG 3

is a detaijoff appafdnefioii i foliowingperiledhdastraptienwith gefieting te éiean
enbodi ment of ny invention.

5 appended drawings, in which like reference numerals indicate like elements

throughout.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic sectional front elevation of a horizontal tube
heater according to a preferred embodiment of my invention.

10 FIG. 2 is a schematic sectional side elevation of the horizontal tube

heater illustrated in FIG. 1.

FIG. 3 is a detail of a stanchion top support mechanism according to an
embodiment of my invention.
FIG. 4 is a detailed view of the area indicated by circle IV in FIG. 2.
15 FIG. 5 is a detailed view indicated by arrows V-V in FIG. 4.
FIG. 6 is a detailed view of the area indicated by circle VI in FIG. 2.
FIG. 7 is a schematic sectional side elevation of a horizontal tube heater

according to another embodiment of my invention.

FIG. 8 is a detailed view of the area indicated by circle VIII in FIG. 7.



FIG 4 is a detailed view of the area indicated by circle IVin FIG 2. 15
FIG 5 is a detailed viewindicated by arrows V-Vin FIG 4. FIG 6 is a
det ai | eﬁlovdlﬂ%SQf the area indicated by circle VI in FIG pgrusedgssiy i s a
schematic sectional side elevation of a horizontal tube heater according
to anot her enbodi nent of my invention. FIG 8 is a detailed view of the
area indicated by circle VIIl in FIG 7. W 01/16255 PCT/ US00/ 20810 -9
DETAI LED DESCRI PTI ON OF THE PREFERRED%EMBCDI MENTS My invention will be

di scussed in the context of an EDC cracking furnace. However, the
principles of ny invention are equally applicable to other horizontal tube
heater configurations. FIG 1 is a schematic sectional front 5 el evation of

such an EB%@IEEH PESERIPREEN IOF THE PRERERRED HEMBODIMENES section 10
and, in a preferred enbodi nent, a convection section 20. At |east one heat

exchange tube 30,for cf 32 i HieCbnvixds ah EDO@F ke al | engt hs
back and forth t o ggntﬁ]ne&pgg?g%?hsssec%i or(1e 1(51. The coil panelmgt 32 is

supported within _the radi ant sectipn 10 by. i ports 40,
10 whi ch arrea@paﬂewe‘éﬂfoﬁf& RIREIRG} P§8ﬁt ‘8?’6445%9&?5@411’{ #g?%@gqﬁgﬁgﬁd defi ne
tube seats on which the tube 30 rests. The radi anf secti tube 30 carries
a processhbtizonthl tibe beater| Gogfiguragpnya&JGs ﬂdﬁﬂi%ﬂmwce%e%@af grq”l[s outl et 36
t hrough the radi ant section 10. |In the illustrated enbodi nent, the tube

sinlet 34 igyhmsbesicARaVEDCheadkiipefuridect. The futdaoey dias atradiapk $a56PB| es of
ny invention apply equally to other arrangenents, such
10 and, in a preferred embodiment, a convection section 20.

At least one heat exchange tube 30 forms a coil panel 32 which winds in
horizontal lengths back and forth through the radiant section 10. The coil panel
32 is supported within the radiant section 10 by a plurality of tube supports 40,

10 which are spaced along the horizontal lengths of the tube 30 and define tube seats
on which the tube 30 rests. The radiant section tube 30 carries a process fluid
(i.e., liquid or gas) from its inlet 34 to its outlet 36 through the radiant section 10.
In the illustrated embodiment, the tube inlet 34 is located above the tube outlet 36.
However, the principles of my invention apply equally to other arrangements, such
15 as bottom-to-top process fluid flow.

The radiant section 10 also includes a plurality of burners, some of
which are preferably elevated on a burner platform. The burners, provided on
either side of the coil panel 32, heat the coil panel 32 (and the process fluid
flowing through the radiant section tube 30).

20 The convection section 20 of the furnace 1 is employed downstream (in
terms of combustion gases) of and at a higher elevation than the radiant section

10. In the convection section 20, a set of convective tube coils 22 is exposed to a



15 as bott

omto-top process fluid flow The radiant section 10 al so

includes a plurality of burners, sonme of which are preferably el evated on
| atform The burners, provided on either side P‘HT{%?)G/Z&@)' panel
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el evati on
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20 The convection section 20 of the furnace 1 is

t han the radi ant section 1Qiodn the convection section 20, a set
of convective tube coils 22 is exposed to a WO 01/16255 PCT/ US00/ 20810
fl ow of hot exhaust from conbustion in the radiant section 10. The exhaust
of the convection section 20 via stack 60. FIG 2, a schematic

Ao cafhod iaBhiror SoRmpised 5 Tt S8y S lyscaog”

ows
r oof
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which are lined with suitable refractory material 16. It can be

outi of thericounestion sestion 28 Yigstgkd01 actual |y conprises two

substantially identical furnaces |a, |Ib, arranged back-to-back. The

benefits of this BIGapgesevmaticlsectinmal side eleystian bfither furpice dailupteateden i n

FIG 2, th

e horizontal radiant tube 30 I engths are 10 "stacked"

subst ant i aj/| 3(¢] eft éh%ng'tMati e tiBarf QebtidtA 1@ inchies lafbdiig 11r wake12 asdml oys a

convecti on
section 20
8peni ng 18

10

15

20

section as in the illustrated enbodi nent, the convect

i on

roat A0 Rl wileh WAORAGH itn SLRMBE Dbl ARk 2 1¢tah ik i nal

that this embodiment of the furnace 1 actually comprises two substantially identical
furnaces la, 1b, arranged back-to-back. The benefits of this arrangement will be
discussed later.

As can be seen in FIG. 2, the horizontal radiant tube 30 lengths are
«gtacked” substantially vertically in the coil panel 32. If the furnace 1 employs a
convection section 20, as in the illustrated embodiment, the convection section 20
is offset horizontally from the coil panel 32. A longitudinal opening 18, through
which the coil panel 32 can fit vertically as a unit, is provided in the roof 14 of
the radiant section 10. This combination of features permits the coil panel 32 to
be installed or removed as a prefabricated unit through the longitudinal opening 18
in the roof 14 of the radiant section 10.

In order to further facilitate coil removal/insertion, any structural
bracing 70 that is located above the radiant section 10 is removably fastened (i.e.,
bolted, pinned, or the like) in place. This permits the removal of the structural
bracing 70 during coil panel 32 insertion/removal. Because the coil panel 32

insertion/removal will not be carried out either during furnace 1 operation or



5

10

which the coil panel 32 can fit vertically as a unit, is provided in the
roof 14 of the radiant section 10. This conbination of features permts
the coil panel 32 to 15 be installed or renoved as a pref i uni t

t hr ough™MAB 6% gi t udi nal opening 18 in the roof 14 of tﬁggﬁgﬁﬁ%ﬁgosection
10. In order to further facilitate coil renoval/insertion, any structural
bracing 70 that is | ocated above the radiant section 10 is renovably
fastened (i.e., bolted, pinned, or th& like) in place. This permts the
renoval of the structural 20 bracing 70 during coil panel 32
insertion/renoval. Because the coil panel 32 insertion/renoval will not be
carried out either during furnace 1 operation or WO 01/16255 PCT/ US00/ 20810
-11 during. sever r rn i i fHer tefiing by the

t enpor ar y&lr?%\‘/ ﬁevwg%ftﬂﬁé ﬂ})‘% g‘?’.’a{r‘fg 17%3135(?%?%‘%&5?3 ?m?%e&?ube ?Bp?gbrlt S 40 are
suspended from above. Becayse the tube coil panel 32 is top-supported, it
is a reIaﬁmWé?bogﬂFdﬁaﬂngﬁmard operation to 5 transfer the weight of the
tube coil panel 32 to a crane or other lifting mechanism Thus, this

t op- suppor t ed deBieferably, st fubg gupReatsi4dy are suspended frgm abaye, JRgrause t he
tube coil panel 32 as a unit in a substantially vertical direction through
the | ongiybe @i FaneBNisnep-sppodeeda itpis aaelatizely rsriatghtforwardaepeeatidnetot ube
supports 40 are  top supported, the nost efficient manner to lift and

B i ety Ko P
unit thr O'llj"%lrlls,ttlrl]i% tl)}?—rs]gli)gol#t%id rh%lsigg R$ Qvieﬂ%uiltgd kSt ihfiSiation and removal of the

tube coil panel 32 as a unit in a substantially vertical direction through the

longitudinal opening 18. As a practical matter, because the tube supports 40 are

top supported, the most efficient manner to lift and remove the coil panel 32 is by

utilizing the tube supports 40. Thus, the tube supports 40 and coil panel 32 can be

prefabricated and installed as a unit through the longitudinal opening 18 in the

radiant section roof 14. Of course, the longitudinal opening 18 must be sized to

accommodate such a coil panel assembly.

In addition to the foregoing, the top-supported construction of the tube

15 supports 40 provides additional advantages. One major advantage arises from the

principle that the same weight can be supported by a column having a much
smaller cross section if that column is in tension rather than compression. Thus,
top-supported tube supports 40 can be reduced significantly in size, yet with

increased durability, in comparison to comparable supports that are bottom-

20 supported. Given the expense of the high alloy steels that must be used in the

radiant section 10 of such a furnace 1, the reduced cross section and increased

lifetime of the tube supports 40 can lead to significant cost savings. In addition,



radi ant section roof 14. O course, the |ongitudinal opening 18 nust be
sized to accomopdate such a coil panel assenbly. In addition to the
foregoi Q@ orlldssst OP- supported construction of the tube 1PpcHid0hssio40

- provi des additlonal advant ages. One nmj or advantage arises fromthe
principle that the sanme wei ght can be supported by a colum having a nuch
smal l er cross section if that colum is in tension rather than conpression.
Thus, top-supported tube supports 40-Ean be reduced significantly in size,
yet with increased durability, in conparison to conparable supports that
are bottom 20 supported. G ven the expense of the high alloy steels that
must be used in the radiant section 10 of such a furnace 1, the reduced

cross sectj Op.fReh 5 ARAWRGeht!dfftRd hibe sappdriiedd Alithes YaiRtaics idfalkéion| ead to
significant cost savings. In addition, 01/ 16255 PCT/ USO0/ 20810 -12 the
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tube supports 40ABpdditignyPreisrable frafurg of 0y i, SYPRAY o
permt one of the tube 5 supports 40 to be renoved and repl aced through the
| ongi t udi Nl stopkhbegorisBrueted| es désseibedbelowe se @b Ito pemait OBQOFﬂleptlllh@:e in the
radi ant section 10 of the furnace 1. This wll greatly reduce the tinme and
gxpense | %ﬁg&&dw fo bEREA6VEWarRl WPlated tHREuEMRAbAgitdthal Bpafns &8 tidlet ube

supports re by design redundant (i.e., able to carry the |oad of the
coil panel| 325 el Ot FaiR1525h ple! il e RluiAR¥e?hf 1©f of HE hidE SUPRR LS
will greatly reduce the time and expense incurred in replacing a worn tube support
40. Because the tube supports 40 are by design redundant (i.e., able to carry the
load of the coil panel 32 in the event of failure of any one of the tube supports
10 40), the coil panel 32 can temporarily be supported by the remaining tube supports
40 while one tube support 40 is removed and replaced.
Each tube support 40 preferably comprises at least one vertical stanchion
42, from which extends a plurality of support arms 44 that define the tube seats on
which the tube 30 lengths of the coil panel 32 are supported. The stanchion 42
15 can take any suitable form, well known in the art, such as an I-beam, C-channel,
or the like, but is preferably tubular in shape, and is most preferably centrifugally
cast, so as to better maintain structural integrity and strength in the severe furnace
conditions. The arms 44 are preferably removably attached to the stanchion 42.
By detaching the arms 44 from the stanchions 42, the stanchions 42 can be lifted

20 straight up through the longitudinal opening 18 in the roof 14 of the radiant section

10 without disturbing the coil panel 32. This permits the stanchions 42 to be



10 40), the coil panel 32 can tenporarily be supported by the renaining
tube supports 40 while one tube support 40 is renoved and repl aced. Each

t ube suagﬁﬁ;wfsg preferably conprises at | east one verti c@lcTaisanedsion 42,
fromwhich extends a plurality of support arnms 44 that define the tube

seats on which the tube 30 I engths of the coil panel 32 are supported. The
stanchion 42 15 can take any suitable form well known in the art, such as
an | -beam C-channel, or the like, but3-is preferably tubular in shape, and
is nost preferably centrifugally cast, so as to better maintain structural
integrity and strength in the severe furnace conditions. The arns 44 are
preferably renovably attached to the stanchion 42. By detaching the arns

44 from t hesSiRReh tQRSveAZndt feplasdwalle (asing2he aoillpantli 12 mthc2@nd im ai ght up
t hrough the longitudinal opening 18 in the roof 14 of the radiant section

10 wi t hout .di st ur bi heg coil panel 32. This permts the stanchions 42 to
be WO 01/ Mgéngﬁfrﬁb%gosw -13 individually renoved and repl aced while

| eaving the coil panel 32 intact and in | ace in nace. 1 e
erpodi dent of t na e gEbadimsn o ths thee aibpft 45 shhwhI§ HIHS 3 4'p§1 r of
paral l el, tubular stanchions 42 is disposed on either side of and supports
a 5 singlpircefi parplisietubglzr spnghionsift? isydigposed, 9gcithan side of @AdiSHRPBBtdveen t he
stanchi ons 42, bears the weight of the coil panel 32. (FIG 2 only

&1 1 ustrat egpdibeoil pagd 324aAgiluraliteot amgarda bot¢mmingbetieen dhcastatuheons 42, but

in actuality the rungs 44a will be enployed along the entire |length of the
stanchi Ons42£}%e?1rsTLH§ Weldt ot A cSiPPadef 8. (FIG. 2 only illustrates the rungs 44a at

the top and bottom of the stanchions 42, but in actuality the rungs 44a will be

employed along the entire length of the stanchions 42.) The rungs 44a can take

any suitable form, such as solid rectangular bars or hollow tubes, but are

10 preferably solid round bars.

Depending upon the type of furnace 1 and the temperatures that will be
encountered, the stanchions 42 and rungs 44a are formed of suitable materials. In
the case of an EDC cracking furnace 1, the stanchions 42 (and preferably the
rungs 44a) should be formed of steel alloy containing chrome and/or nickel,

15 preferably at least 25% chrome and/or 20% nickel. One suitable alloy is HK40,
an austenitic stainless steel. Other materials, well known to those in the art,
having like or superior thermal strength properties can be employed. In
applications having more severe temperature or load conditions, higher alloys may
be required. The thicknesses of the stanchions 42 and rungs 44a will depend upon

20 such factors as the height and weight of the coil panel 32, and can be readily

determined by those in the art.



any suitable form such as solid rectangular bars or hollow tubes, but are
10 preferably solid round bars. Dependi ng upon the type of furnace 1 and

t he terwgg%#g;s that will be encountered, the stanchi opgrfideciedio Ungs 44a

are forne
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Inal opening 18 in the roof
providing removably attached rungs 44a permits the stanchions 42 to be

individually removed and replaced through the longitudinal opening 18 in the roof
14 of the radiant section 10 without removing or dismantling the coil panel 32.

As noted above, the stanchions 42 are preferably suspended from above.
It is preferred that whatever structure is employed for primary load-bearing
support be located outside the radiant section 10, because the high temperatures in
the radiant section 10 can lower the yield strength of the materials used to bear the
load. It is also preferred that the stanchions 42 be supported in a manner that
permits withdrawal of the coil panel 32 and/or stanchions 42 when desired. Thus,
I prefer that each stanchion 42 in operation extend out through the longitudinal
opening 18 through which the coil panel 32 can be removed, and that the primary
load-bearing support of the stanchion 42 be provided on the portion of the
stanchion 42 that is above the longitudinal opening 18. FIGS. 3-5 illustrate a
preferred arrangement for achieving this.

A shoulder 80 is affixed to the stanchion 42 at or near its upper end.
The shoulder 80 should extend transversely in at least two, opposing directions

from the stanchion 42. The shoulder 80 can take many forms, such as a collar or



14 of the radiant section 10 wi thout renoving or dismantling the coil panel
32. As noted above, the stanchions 42 are preferably suspended from above.
10 1t i gafibsysr ed that whatever structure is enployed f@cTavdoomesyo

| oad- beari ng support be |ocated outside the radiant section 10, because
the high tenperatures in the radiant section 10 can |ower the yield
strength of the materials used to bear the load. It is also preferred that
t he stanchions 42 be supported in a meRner t hat permts wthdrawal of the
coil panel 32 and/or stanchions 42 when desired. Thus, 15 | prefer that
each stanchion 42 in operation extend out through the |ongitudinal opening
18 through which the coil panel 32 can be renoved, and that the primry

| oad- bear ifjgacHBRARtof the SthRCHSRAT, bwarin 4R prefaralémbatiiment the shouldenn of ~t he
stanchion 42 that is above the |ongitudinal opening 18. FIGS. 3-5

|1 Tustrat god (RS 8 (el IANIRURRIic] 97 (6 AHE eI ko sBRbfbrBUlIger B0 s

af fi xed t anc t or near its upper end. The shoul der 80
shoul d extend transversely. i ast . two, ' L rect i .fromthe
st anchi on theem H'o%hoéﬂé{ “"8%[(%&#'5 aﬁaé:hr}%fssfggfr%%é ?anc hgés Af;lg%gllc?lar or WD
01/ 16255 PCT/ US00/ 20810 -15 pin at the end of the stanchign 42, but in the
pr ef er r ed stiffbuati $feand a herizongaliniate 86gy the base pfjthe shffefsn 56 nghq ug assenblies
82 that are welded to the stanchion 42. In the enbodi nent shown in FIGS.
$3-5, each jjlagratsisenital siffenarrfdr issesiaaguier platealtwo edigés 84ve 848 pfamhicl
hori zontal plate 86 at the base of the stiffener 84. The 5 illustrated
vertical sti{fRRE" 0% iindhidd bRARUKR htiRdhed plat 8edespechéely. 8%k of whi ch
horizontal plate 86 has a radius edge 86a that is also welded to the stanchion 42.
A support surface, on which the stanchion shoulder 80 seats, is provided
on the furnace 1. The support surface can be provided by rails 90 that define the
10 edges of the longitudinal opening 18 through which the stanchion 42 extends.
However, the rails 90 are far enough apart so that longitudinal opening 18 is wide
enough to permit the entire coil panel assembly (i.e., the coil panel 32 and
stanchions 42) to pass therethrough. Thus, if the rails 90 were to provide the
support surface, the shoulder 80 would have to be able to support the stanchion 42
15 (and coil panel 32 carried thereby) through a considerable moment arm.
Therefore, it is preferred that the support surface be provided closer to and on
each side of the stanchion 42. This can be accomplished by bridge support
members 92 that traverse the longitudinal opening 18 on either side of the
stanchion 42. In the preferred embodiment, each bridge support member 92 is a
20 C-shaped channel, open away from the stanchion 42. One leg 92a of the channel

rests on the rails 90 at either edge of the longitudinal opening 18, and the opposite

leg 92b of the channel provides the support surface for the lug assemblies 82.



are wel ded to the stanchion 42 and the horizontal plate 86, respectively.
The horizontal plate 86 has a radius edge 86a that is also welded to the
stanchi‘g ofAe2sé support surface, on which the stanchi on phenjsgiosf® seats,
is provide on the furnace 1. The support surface can be provided by rails
90 that define the 10 edges of the |ongitudinal opening 18 through which
the stanchion 42 extends. However, the rails 90 are far enough apart so
that | ongitudinal opening 18 is w de 'Bﬁough to permt the entire coi
panel assenbly (i.e., the coil panel 32 and stanchions 42) to pass
t heret hrough. Thus, if the rails 90 were to provide the support surface,
t he shoul der 80 woul d have to be able to support the stanchion 42 15 (and
coi |l panel 32 carpumsy bperatdy df furnauegh the cothpankelrRowel expaadtandr m
Therefore, it is preferred that the support surface be provided closer to
and on e%%ﬁgﬁét%@é@é ﬁ?g\tf‘erﬁl?en&mn@&,%gusiﬂ@l&apﬂﬁgﬂ@diﬂﬁlcxﬂmméh@ﬂtllib’ bridge
menber s

support traverse the | ongitudinal opening 18 on either
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| eg 92a of the channel rests on the rails 90 at either edg}cﬂg1 of fhe

| ongi t udi rEkvenpenddeg, demaging skippingpprokinding, thegs 1995 42are ORARRBYY provi des
the support surface for the lug assenblies 82. WD 01/16255 PCT/ US00/ 20810
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contract as the tenperature changes, causing |ocal |ongitudinal novenent of
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pane and

bridge support members 92 to the rails 90. At their bottom, the stanchions 42 can
be held steady by guide pins 48 that fit into tubular guide holes 49 at the bottom
11 of the radiant section 10 of the furnace 1, as shown in FIG. 6. The guide pins
10 48 are free to slide longitudinally in the guide holes 49, thereby permitting thermal
expansion and contraction while restraining horizontal movement. This
arrangement also readily permits the stanchions 42, either carrying or separated
from the coil panel 32, to be lifted away from the bottom of the furnace 1.
Because it is preferred that the stanchions 42 be restrained laterally as
15 the tubes 30 expand and contract, the relative movement of the tubes 30 will
impart frictional forces on the tube supports 40. The materials and thicknesses of
the tube supports 40 should be selected so as to withstand these frictional forces,
as will be readily apparent to those in the art.
Although it is not necessary to provide an airtight seal of the
20 longitudinal opening 18 during furnace operation, it is preferable to minimize
airflow through the longitudinal opening 18 to maintain furnace efficiency. This

can be accomplished by a series of closure plates 94 with insulated undersides. A



prevent sudden, damagi ng ski pping or binding, the stanchions 42 are
preferably 5 Iaterally fixed at their top and bottom At their top, this

can be Qgr@fghdsshed by bolting the lug assenblies 82 to Hhaudeohetae Support
menbers 92, an 3 bolting the bridge support nenbers 92 to the rails 90. At

their bottom t he stanchions 42 can be held steady by guide pins 48 that
fit into tubular guide holes 49 at the bottom 11 of the radiant section 10
of the furnace 1, as shown in FIG 6. Yhe guide pins 10 48 are free to
slide longitudinally in the guide holes 49, thereby permtting thernal
expansi on and contraction while restraining horizontal novenent. This
arrangenent also readily permts the stanchions 42, either carrying or
separ at ed pafr Selbduee phitds Paavel shaged odfitherobnd east takmsupfppnrﬂ(l aadisantbgm of t he
furnace 1. Because it is preferred that the stanchions 42 be restrained
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t he tubes rrpart r| ctional forces on the tube supports 40. The
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in the art. Although it is not necessary to provide an airtight seal of the
20 | ongi t suppert $9218 during furnace operation, it is preferable to
mnimze airflow through the |ongitudinal opening 18 to naintain furnace
sfficiency. This Tiamghssandin i hidge byppartsmembers 2, shdslosereplatees 94 wi t h
i nsul at ed undersides. A WO 01/16255 PCT/ USOCQ' 20810 -17 pair of closure
plates 94 g & SAPBE fordnfede bl sutaBlERErueRED steebesusi P ASTM A 36adrhcanal be
carbon steel. The lug assemblies 82, which carry the primary weight-bearing
responsibility, can be formed of stronger materials, such as 1% or 2% chrome
steel, if weight or temperatures so dictate, as will be apparent to those in the art.
10 In another embodiment, shown in FIGS. 7 and 8, the tube support 40
comprises a single stanchion 42, formed similarly to the previous embodiments,
sandwiched between and supporting a pair of coil panels 32 (a so-called "double-
pass" arrangement). In the tube supports 40 shown in FIGS. 7 and 8, two series
of cast hooks 44b are mounted to opposing sides of the stanchion 42 to bear the
15 weight of the coil panels 32. As with the rungs 44a of the previous embodiment,
the hooks 44b should be removably attached to the stanchion 42. For example, a
hook 44b can either fit around or into the stanchion 42, and be pinned in place by

a pin 47 that passes completely through both the hook 44b and the stanchion 42.

Cotter pins (not shown), for example, can be provided at one or both ends of the

20 pin 47 to maintain it in place.
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spliced together by any suitable nmeans, such as bolting flat bars across
their interface 94a. The closure plates 94 can be bolted to the underside
of thevaébgﬂsﬂssupport menbers 92. 5 The |ug assenbl i es fgZrubdodss® support
menber s , and closure plates 94 can all be forned of suitable structural
steel, such as ASTM A36 structural carbon steel. The |ug assenblies 82,
which carry the primry wei ght-bearing responsibility, can be forned of
stronger materials, such as 11/a or 218-a chronme steel, if weight or
tenperatures so dictate, as will be apparent to those in the art. 10 In
anot her enbodi nent, shown in FIGS. 7 and 8, the tube support 40 conprises
a single stanchion 42, forned simlarly to the previous enbodi nents,

sandwi ched bet i e09f tePRbE s@ppdiPl0, MaaRbed Adveanso- cal | ed
"doubl e- pass"mgﬁ%aﬁeg[gdrlr@ggl)?%‘%ﬂﬁgt ﬁe tubesg%ppports 40 shown in FIGS. 7 and

8, two series . of cast hooks 44b.ar unt fp i Ldes of the

st anchi orfoapegtignpRith ﬂ}%‘ém'g IREMS A usg’fa[%ah@ @g}l#'%pghgﬁjygg.ﬁ%s with the rungs
44a of the previous enbodi nent, the hooks 44b shoul d be renovably attached
to the stanbiiimentt® welbr exanple, a hook 44b can either fit around or into
t he stanchion 42, and be pinned in place by a pin 47 that passes

conpl et el y t hr ougk nbeih theheonveationdsthtiam 0 i effsat franitihradiant codpagel pi ns
(not shown), for exanple, can be provided at one or both ends of the 20
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remai ni ng ures of the tube support 40, discussed above in
coil panel 32 and/or stanchions 42 to be inserted and removed through the

longitudinal opening 18 without impinging upon the convection section 20. As a
practical matter, it is preferred that the convection section 20 be offset totally from
the radiant section 10, as shown in FIG. 2. In such an arrangement, the convection
section 20 is connected to the radiant section 10 by crossover ducts 24. In addition
to aiding the flow of exhaust into the convection section 20, this arrangement
facilitates individual modular construction and assembly of the convection and
radiant sections 20, 10.

An optional, and independent, aspect of the invention that is particularly
applicable to larger capacity operations is also illustrated in FIGS. 2 and 7. Two
substantially identical furnaces 1a, 1b are arranged back-to-back and can be
operated in parallel. This is particularly useful in constructing furnaces la, 1b
employing an offset convection section 20. By orienting the furnaces la, 1b with

respective convection sections 20 adjacent to one another, the furnaces 1a, 1b can

20 structurally stabilize one another. This permits less structural steel to be used in

each furnace 1a or 1b than if it were standing alone.



connection with the enbodinents illustrated in FIGS. 2-6, apply to this
enbodi nent as well. As noted, the convection section 20 is offset fromthe
radi ant wepdihieanel 5 32. The convection section 20 shoulptTtagsookésiet at

| east far enough to permt the coil panel 32 and/or stanchions 42 to be
inserted and renoved through the | ongitudinal opening 18 w thout inpinging
upon the convection section 20. As a ractical matter, it is preferred
that the convection section 20 be offset totally from the radi ant section
10, as shown in FIG 2. In such an arrangenent, the convection 10 section
20 is connected to the radiant section 10 by crossover ducts 24. In
addition to aiding the flow of exhaust into the convection section 20,

this arrangenent THigauhl fudis armadismehydas aomijbnadvaotage inptacesseandthassenbl y
of the convection and radiant sections 20, 10. An optional, and
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than if it were standing al one. WO 01/ 16255 PCT/USOQO 20810 -19
or the like.
It is also preferred that a Terrace Wall™ construction, evident in FIGS.
2 and 7, be employed in the furnace 1. The details of this construction are set
" forth in U.S. Patent Nos. 3,230,052, 3,265,043, 3,302,621, 3,348,923 and
10 4,955,323, each of which is incorporated by reference herein in its entirety. This
construction provides several benefits. The burners mounted on the burner
platform fire upward toward the sloped refractory radiant section wall 12,
providing uniform and symmetrical heating to the radiant coil panel 32. This
uniform heating decreases the formation of coke in the coil panel 32, which in turn
15 increases the service life of the coil panel 32. The absence of flames directly
impinging on the tube 30 also extends service life of coil panel 32. Additionally,
fewer burners are required than in a flat wall furnace, resulting in easier startup
and maintenance. This also reduces the cost of employing “zoned” firing, which
is advantageous to EDC cracking, and combustion air ducts for forced draft
20 operations, which also improves operating cycle lifetimes. This further results in

fewer burner rows, which simplify the arrangement of burner platforms and,

therefore, facilitate access for maintenance or the like.



Thi s dual furnace arrangenent has a mmj or advantage in processes such as
EDC cracking, in which the furnaces nust be periodically taken off-line and
decoked. By providing operationally independent units, a 0 somne
convent i%é\’loﬁﬁﬁ naces havi ng separate radi ant sections bal;&z?lﬁs 229861
convection 5 section, one furnace can be operated when the other is taken
off-line for decoking or the like. It is also preferred that a Terrace
Val|' construction, evident in FIGS. 20and 7, be enployed in the furnace
1. The details of this construction are set forth in U S. Patent Nos.
3,230, 052, 3,265,043, 3,302,621, 3,348,923 and 10 4, 955, 323, each of which
is incorporated by reference herein in its entirety. This construction
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and/or coil panel 32 are rigged to a crane or the like, and lifted slightly so as to
remove the load from the bridge support members 92. The bridge support
members 92 are then unbolted and removed, and the coil panel 32 and tube

10 supports 40 can then be lifted out through the longitudinal opening 18.

In order to remove a stanchion 42 but not the coil panel 32, the rungs
44a are unpinned and removed from the stanchion 42. If necessary, the lug
assemblies 82 can first be unbolted from the bridge support members 92, and
some of the stanchions 42 (but not the one being removed) and/or the coil panel

15 32 can be rigged to a crane or the like and lifted slightly so as to remove the load
from the rungs 44a of the stanchion to be removed 42. Once the rungs 44a are
unpinned and removed from the stanchion 42, the stanchion 42 can be lifted out
through the longitudinal opening 18 with the closure plates 94 and bridge support
members 92 still in place.

20 While the present invention has been described with respect to what is at

present considered to be the preferred embodiments, it should be understood that

the invention is not limited to the disclosed embodiments. To the contrary, the



WO 01/ 16255 PCT/ US00/ 20810 -20 Referring again to the enbodi nent
illustrated in FIGS. 2-6, | will describe an exenplary operation for
removi ngyd éifessdi | panel 32. Initially, the renovable bragmgsedosiod t he
closure plates 94 are unbolted and renoved. The |ug assenblies 82 are
unbolted fromthe bridge support nmenbers 92, so that the 5 | ug assenblies
82 still bear the weight of the tube supports 40 and coil panel 32 but
rest freely on the bridge support memb@ts 92. At this point, the stanchions
42 and/or coil panel 32 are rigged to a crane or the like, and lifted
slightly so as to renove the load fromthe bridge support nenbers 92. The
bridge support nenbers 92 are then unbolted and renoved, and the coi

panel 32 apdehtidiCis iftefdtaPO dovertGart@n rhédificitionk iahd equivalent aranggmetitse

| ongi tudi nal opening 18. In order to renove a stanchion 42 but not the coi

panel 32 Lo SERARN HEBBHRNABEANGHUIAA LRFRMEE sHiFiemm beopelTabl on 42. 1

necessary,“Wﬁ% asse les 82 can first be unbolted fromthe bridge

support nenbers 92, and., so of the stanchi . phut. e being
renoved) atRpedded Haimsy; Ih?}'ﬁffT’EF’ &’5 Sg‘ipec%tﬁt Bgoﬁ%l&gg 14'@%8 (E:Hr? %nrgfeea g? (?)ll'::'J he |ike
and lifted slightly so as to renove the load fromthe rungs 44a of the
st anchi on awohtedrtberbvasdest Xeasonghie AMEBrPFEIARN S as @r"é‘coﬁ’lﬁ’ﬁffsrﬁ%gﬂm&nd r enoved
fromthe stanchion 42, the stanchion 42 can be lifted out through the
kongi t udi nglogARansMankBeqiiiidlert Reucthins und fphatoas. 94 and bridge support
menbers 92 still in place. 20 Wiile the present invention has been
described with respect to what is at



present considered to be the preferred enbodinents, it should be understood
that the invention is not limted to the disclosed enbodi nents. To the
contrar gy diigs40 01/16255 PCTIUSOD 20810 -21 invention ipgritosRskesl to
cover various nodifications and equival ent arrangenents, sone of which are
di scussed above, included within the spirit and scope of the appended
clains. Therefore, the scope of the following clains is intended to be
accorded the broadest reasonable interg2etation so as to enconpass all such
5 nodifications and equival ent structures and functions. WO 01/16255

PCT/ US00/ 20810 -22- | CLAIM 1 1. A heater conprising: 2 a radiant section
having a wall and a roof, the roof having a longitudinal 3 opening; 4 a
radi ant heat y @gc{ippge tube disposed in the radiant section, the tube 5
havi ng an infet and outlet through which a process fluid can be carried
respectively 6 into and out of the radiant section, the tube between the
inlet and outlet being 7 arranged in generally horizontal tube lengths; 8 a
plurality of burners, at |east two of the burners being disposed on 9
dpposi ng sildes of A Reater gMPIHME 10 a plural ity of tube supports rel easably
positioned at |ongitudinal intervals

2 a radiant section having a wall and a roof, the roof having a longitudinal
3 opéning;

4 a radiant heat exchange tube disposed in the radiant section, the tube

5 having an inlet and outlet through which a process fluid can be carried respectively
6 into and out of the radiant section, the tube between the inlet and outlet being

7 arranged in generally horizontal tube lengths;

8 a plurality of burners, at least two of the burners being disposed on

9 opposing sides of the tube; and
10 a plurality of tube supports releasably positioned at longitudinal intervals
11 along the tube lengths, the tube supports defining tube seats on which the tube
12 lengths rest,
13 the tube and tube supports being liftable as a unit through the
14 longitudinal opening of the roof of the radiant section.

1 2. The heater according to claim 1, wherein the tube lengths are

2 substantially parallel and substantially aligned vertically, and each tube support

3 includes a generally vertical stanchion.



11 along the tube |l engths, the tube supports defining tube seats on which
the tube 12 lengths rest, 13 the tube and tube supports being |liftable as a
unit t 14 | ongi tudi nal opening of the roof of gaANt

secti 0%8¥9;£62t5ghe heater according to claim1l, wherein t%éeﬂtga(l‘o(zﬂ?gngt hs are
2 substantially parallel and substantially aligned vertically, and each
tube support 3 includes a generally vertical stanchion. W 01/ 16255

PCTI USOO' 20810 -23 1 3. The heater ad@dording to claim2, wherein the tube
| engths are 2 substantially aligned with the | ongitudinal opening of the
roof of the radiant 3 section. 1 4. The heater according to claim1,
wherei n each tube support conprises a 2 generally vertical stanchion and a

(Pl uralitysof Squ?iEthe%fTﬁecoTrdﬁﬁ $6/RR@N2, arkeeid tHetibei laggthheret ube seats and
bei ng rel easably stened to t%e stanchion. 1 5. The heater according to

clalnll erei.n th b SRR Yo fSrSthe Rafshtw t hi n t he
2r adi ant s &WStAEHA Pygﬁg%%%ﬁnﬁQﬁPﬁ%ggmﬁpﬁ ehﬁ& ?r¥%e heat er according to
claimb5, wherein each tube support is laterally 2 restrained below the
3t ube Iengsﬂgwnl 7. The heater according to claim5, wherein each tube
support has an upper 2 end that extends through the |ongitudinal opening
of the roof. 1 8. The heater according to claim?7, wherein each tube
support further

1 4. The heater according to claim 1, wherein each tube support comprises a
2 generally vertical stanchion and a plurality of support arms, the support arms

3 defining the tube seats and being releasably fastened to the stanchion.

1 5. The heater according to claim 1, wherein the tube supports are

2 releasably suspended within the radiant section from above the tube lengths.

1 6. The heater according to claim 5, wherein each tube support is laterally
2 restrained below the tube lengths.

1 7. The heater according to claim 5, wherein each tube support has an upper
2 end that extends through the longitudinal opening of the roof.

1 8. The heater according to claim 7, wherein each tube support further

2 comprises a shoulder affixed to the upper end of the stanchion so as to be located
3 above the radiant section, and wherein the tube support is suspended from the

4 shoulder.



2 conprises a shoulder affixed to the upper end of the stanchion so as to
be | ocated 3 above the radiant section, and wherein the tube support is
suspen%gg M@ggthe 4 shoul der. WO 01/ 16255 PCT/ US00/ 2081fctuddbzbsfd The
heat er 8or ing to claim@8, further conprising a bridge support 2 nenber
removably secured across the | ongitudi nal opening of the roof of the 3

radi ant section, wherein the shoul der seats on the bridge support nenber in
order 4 to suspend the tube support.‘sz'lo. The heater according to claim
1, further conprising a convection section 2 containing a convective heat
exchange tube, the convection section being above 3 and offset horizontally
fromthe tube. 1 11. The heater according to claiml1, conprising a pair of
fhe radiagt 2 seqiyeQasiter acttrilingab dldim 8,ufnether comprisihe adirsigoseppdrh each
radi ant section; a pair of 3 sets of the burners, one set of burners being
di sposed i n each radi Lan; i oPthet fRf blfig: supports,
one set ofm‘?rﬁtbeé f%ﬂ%ﬁ%b??tsse‘g‘g?&nSagfssg’gslg“aﬁ{ﬁﬁmé‘géﬂéﬁséradi ant section; and a
pair of convection sections, each.convecti act i ' . tively
Tonnect ed radiasl rHomR ERRTCGfhe Sﬁo‘{qﬂg %taioélntﬁg 19 g@gé ('s)%ogﬁgx@ gggt“ggﬁggove 7
and offset horizontally fromthe tube disposed in the connected radiant
gection, ttheusm@ngaa tubt suppRrécti on sections bei ng di sposed adj acent to one
anot her. WD 01/ 16255 PCT/ USOQ 20810 - 25-

1 10. The heater according to claim 1, further comprising a convection section
2 containing a convective heat exchange tube, the convection section being above

3 and offset horizontally from the tube.

1 11. The heater according to claim 1, comprising a pair of the radiant

2 sections; a pair of the tubes, one tube disposed in each radiant section; a pair of

3 sets of the burners, one set of burners being disposed in each radiant section; a

4 pair of sets of the tube supports, one set of tube supports being disposed in each

5 radiant section; and a pair of convection sections, each convection section being

6 operatively connected to a different one of the radiant sections and located above
7 and offset horizontally from the tube disposed in the connected radiant section, the

8 pair of convection sections being disposed adjacent to one another.



1 12. A heater conprising: 2 a radiant section having a wall and a roof,
the roof having a longitudinal 3 opening; 4 a radiant heat exchange tube
disposqg%hﬂuﬁgg radi ant section, the tube 5 having an i npefussosst | et

t hr ough I'ch a process fluid can be carried respectively 6 into and out
of the radi ant section, the tube between the inlet and outlet being 7
arranged in generally horizontal tube |engths, the tube | engths being
substantially 8 parallel and aligned ¥8rtically to forma coil panel that
is generally aligned with the 9 |ongitudinal opening of the roof of the
radi ant section; 10 a plurality of burners, at |east two of the burners
bei ng di sposed on 11 opposing sides of the coil panel; and 12 a plurality
1of t ube sygports&q§§%¥%&%ﬁﬁdggﬂtioned at longitudinal intervals 13 along
the tube I'éngths, the tube supports conprising generally vertical
stanchions 14 and support a t I f i itded1ei n the
2t ube | engt hs res?"%a&g Cﬁ‘é5%ngéﬂﬁﬂg?ﬁgaé%agﬁg?ﬁ¥ﬁgﬁfﬁ épgﬁgﬁort supports
the coil panel, 16 the coil panel and tube supports being liftable as a
3unit throopé¢ningie 17 |ongitudi nal opening of the roof of the radiant
section. 1 13. The heater according to claim 12, wherein the tube supports
@are 2 rel easabl y radiapehehe @xvhange tubehdispaser enthesedaposectipdihaBdife the coi |
panel . WD 01/ 16255 PCT/ US00/ 20810 -26 1 14. The heater according to claim

s13, wher eihiRaGh ihith@nd YRR thrdughvatiieli alprycess fluid can be carried respectively

6 into and out of the radiant section, the tube between the inlet and outlet being
7 arranged in generally horizontal tube lengths, the tube lengths being substantially
8 parallel and aligned vertically to form a coil panel that is generally aligned with the
9 longitudinal opening of the roof of the radiant section;
10 a plurality of burners, at least two of the burners being disposed on
11 opposing sides of the coil panel; and
12 a plurality of tube supports releasably positioned at longitudinal intervals
13 along the tube lengths, the tube supports comprising generally vertical stanchions
14 and support arms extending from the stanchions, wherein the tube lengths rest on
15 the support arms so that the tube support supports the coil panel,
16 the coil panel and tube supports being liftable as a unit through the
17 longitudinal opening of the roof of the radiant section.
1 13. The heater according to claim 12, wherein the tube supports are

2 releasably suspended within the radiant section from above the coil panel.



2 restrained below the coil panel. 1 15. The heater according to claim13,

wherei n each tube support has an 2 upper end that extends through the
Iongitt&gbra%&?geni ng of the roof. 1 16. The heater accor g&p@sborogioai m 15,
wher ei n eac ube support further 2 conprises a shoulder affixed to the
upper end of the stanchion so as to be |ocated 3 above the radiant
section, and wherein the tube support is suspended fromthe 4 shoulder. 1
17. The heater according to claim 16,-26urther conprising a bridge support
2 menber renovably secured across the |ongitudinal opening of the roof of
the 3 radi ant section, wherein the shoul der seats on the bridge support

menber in order 4 to suspend the tube support. 1 18. The heater according

o claim 32, furthernGRIREISERAY (& cRORVIS; tWhereiR eadtctubosummnt &i laicrdlya
convective heat exchange tube, the convection section being 3 above and
of f set horizontallx frqp%gpﬁmk be. WD 01/16255 PCT/US00/20810 -27 1 19.
2The heat efeSY@EY &e%y{% abm [2, conprising a pair of the radiant 2
sections; a pair of the tubes, one tube disposed in each radiant section;
pair of 3 sets of the burners, one set of burners being disposed in each
radi ant section; a pair 4 of sets of the tube supports, one set of tube
supports heing dipdsattriancerding to attimnt3, vehesei epgdh tubg SHPRETHARY 2tbf

convection sections, each convection section being 6 operatively connected

Jo a differept Rn@aPbxibhte thasligAnke ongitidinsl apedidgoetahedoabove

1 16. The heater according to claim 15, wherein each tube support further

2 comprises a shoulder affixed to the upper end of the stanchion so as to be located
3 above the radiant section, and wherein the tube support is suspended from the

4 shoulder.

1 17. The heater according to claim 16, further comprising a bridge support
2 member removably secured across the longitudinal opening of the roof of the

3 radiant section, wherein the shoulder seats on the bridge support member in order
4 to suspend the tube support.

1 18. The heater according to claim 12, further comprising a convection

2 section containing a convective heat exchange tube, the convection section being

3 above and offset horizontally from the tube.

a



7 and offset horizontally fromthe tube disposed in the connected radi ant

section, the 8 pair of convection sections being di sposed adjacent to one
anot hery, 41716255 PCT/US00/20810

27-

19. The heater according to claim 12, comprising a pair of the radiant
sections; a pair of the tubes, one tube disposed in each radiant section; a pair of
sets of the burners, one set of burners being disposed in each radiant section; a pair
of sets of the tube supports, one set of tube supports being disposed in each radiant
section; and a pair of convection sections, each convection section being
operatively connected to a different one of the radiant sections and located above
and offset horizontally from the tube disposed in the connected radiant section, the

pair of convection sections being disposed adjacent to one another.



