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8 Claims,

The invention relates to an improved method
and means of heating fluids, the preferred form
of apparatus provided by.the invention : being
of the general type now known in the art as an
“equifiux” heater and the process being partic-
ularly directed to.the simultaneous heating of
separate streams of the same hydrocarbons, each
under substantially the same heating conditions.
It is particularly advantageous as applied- to
heating hydrocarbon oils or gases to the high
temperatures - required for their simultaneous
therma] or subsequent catalytic conversion, with
low pressure drop through the heating coil. -,

The term “equifiux” type heater, as herein
used, refers to the:general form of heater, now
widely used in the oil refining industry, of single
or multiple cell construction, each-cell contain-
ing a vertical bank of horizontally disposed. tu-~
bular fluid conduits, each of which is_subjected
to high rates of heating on the opposite sides
thereof by heat supplied thereto from adjacent
substantially parallel refractory walls heated to
a radiant condition by flames and hot combus-
tion gases passed thereover in a_substantially
vertical direction, the opposite sides of said tubes
also receiving heat by radiation and convection
from said flames and hot combustion gases.

The heater herein provided may, within the
scope of -the invention, be either upwardly or
downwardly fired and in one specific embodi-
ment comprises two equifiux cells, each of the
tube banks disposed in said cells comprising two
adjacent vertical rows of horizontal tubes dis-
posed centrally within the cell and adjacent tubes
in opposite rows of the same bank being arranged
in staggered formation. Combustion gases, which
have been cooled substantially by the heat trans-
ferred therefrom to the refractory walls over
which they are passed and to the tubular ele-
ments of the equiflux banks, are directed from
each. of the separate cells through a separate
fluid heating zone directly communicating. with
the respective cells. Two separate tube banks,
each comprising a plurality of superimposed hor-
izontal rows of horizontally disposed tubes, are
located in each of said fluid heating zones. ;
;. In accordance with the preferred mode of op-
eration provided by the. invention, the main
stream of oil or other fluid to be heateq is di-
vided into four separate streams of substantially
equal volume. Each of said separate streams is
passed through one of the banks of tubular con-
duits disposed in said fluid heating zones. - Two
streams-which have passed, respectively, through
one of the fluld heating banks in the separate
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fluid heating zones are thence commingled and
the commingled stream .is passed in series
through one row of tubes in each of the equiflux
banks, the other two separate streams. of fluid,
which have passed, respectively, through one of
the fluid heating banks in the separate fluid heat-
ing zones being likewise commingled and the re-
sulting  commingled stream. passed in series
through the other two rows of the equiflux tube
banks. R R ) :

The accompanying. drawing diagrammatically
illustrates a cross-sectional elevation of a two-
cell heater embodying the features of the in-
vention, R

Referring to the drawing, the heater is pro-
vided with a foundation I upon -which a plural-
ity. of -steel columns 2 supporting steel beams 3
are mounted. Refractory shapes: which form ,
the side walls 4 and 5 and the roof. 6 of the heater
are suspended from the steel framework in any
conventional manner, not illustrated.

A vertical refractory ‘wall T, resting on the
foundation and extending to the roof and between
the end walls of the heater, is disposed substan-
tially mid-way between the side walls 4 and 5 and
divides the interior of the upper portion of the
heater into cells A and B. Cell-A of the heater
comprises combustion and heating zones 8 and
9 disposed, respectively, between side wall 4 and
the. equifiux tube bank (2 and- between wall 1
and bank 12. Cell B of the heater is, in this par-
ticular instance, substantially identical with cell
A and comprises similar combustion and heating
zones 10 and ! disposed, respectively, between
wall T and the equifiux tube bank {4,

On the left-hand side of the ‘heater, as illhys-
trated, refractory. walls 16 and 11, which define
the fluid heating zone. 20, ‘slope. outwardly: ad-
Jjacent their upper ends to join walls 4 and T re-
spectively. On the right-hand side of the heat-
er, as illustrated; similar refractory walls 18 and
18, which define fluid heating zone 21, slope out-~
wardly adjacent their upper ends -to-join walls
b and T respectively. Fluid heating zone 20 is
disposed substantially mid-way between and be-
neath combustion and heating zones 8 and 9 and
directly communicates at its upper end with both
of these zones.. Fluid heating zone 21 is disposed
substantially mid-way between and beneath com-
bustion and heating zones 10 and {{ and com-
municates at its upper end. with both of these
zones. C N TR TEI,

The equiflux.tube bank 12'in cell A comprises
two vertically parallel: rows of horizontally dis-
bosed tubes 13 with the tubes in-opposite rows




arranged in staggered formatlon the tube bank
peing disposed centrally between walls 4 and 1.

The equiflux tube bank {4 in cell B, in the
partlcular case here illustrated, is substantially
the same as tube bank 12 of cell A and, like the
latter, comprises two vertically parallel rows of
horizontally disposed tubes 15, tube bank 14 being
disposed centrally between walls. 5 and.T.
~ Two separate, tube banks 22 and 23, each com-
prising a plurahty of superimposed horizontal
rows of horizontally disposed tubes, are substan-
tially identical in form and are located s1de by
side in fluid heating zone 20,

Two separate similar tube banks 24 and 25 each
compr1sxng a plurality of super1mposed ho y
rows of horizontally disposed tubes are substan-

tially identical in form and are located side by

side in fluid heating zone 21.
A row of firing ports 26 is provided in the roof
of the heater adjacent each of the side walls 4

and 5 and adjacerit’ opposlte sides of- the cential

wall 1. Correspondmg Fows of Purners ‘27 supply
fuel’and air to éach of the ‘combistion and héat-
ing Zones'8; 9, 10 and1. The guantity of coni-
bustlble fiiel ‘and air supplied toeach combustion
ZOhe is 1ndependent1y regulated and the inivention
speclﬁcally conteémplates centrollmg the burners
o ‘Maintain “gtbstantially eqif4] ‘hedting “condi-
tionis ‘on opposite sides “of ‘the tube- panks in‘the
respective cells and to maintain different héating
condmons in the'two cells'A:and B.- The burners
and’fiing pe ‘are S6 arranged ‘that flames and
hot combiistion ‘gases, restlting fromm combustlon
of the fuel, are directed in a substantlally con-
tintous sheet downward}y ‘over the inner -faces
of ‘the: refractory side walls 4'and 5 and down-
wardly ovér ‘the “obposite faces ‘of 'the refractory
. cent1 al wall 1, heatmg these Yefractory ‘surfaces
to & h1ghly 1ad1ant cond1t10n ahd Keepihg tube
bariks 12 and T4 olt: of the ‘direct path of ‘flow
of the flames’ahd 1ot cotibustion gasés: °

-Each of e tubulat ‘elemetits 13 and’ |5 of 'the
respectwe gdquiflux tube banks i2 and 14 re-
ce1ves Heat on Both sides 'By: rad1at10n from the
firet’ walls of ‘¢ells A “and B* and ‘difectly from
thie ‘fames” ang- hot combiustion ¢ ‘gases passing
dovnwardly théréover. Consrderable fluid heat is
alsg impartéd’ from ‘the combustlon ‘gas’e‘s to the
tubular elements of‘banks f a1a. -

The combustmn ‘gases," ch have g1ven up-a
substant1al pértion ‘of ‘their ‘héat “to theé tubular
ot pank: 12 “pass: from ‘the -combustion
and ‘h tmg nd 9't6 fluid heating ‘Zone
20 ‘Whetein ‘tHe itact ‘and supply ‘Heat to the

tubular elements' of banks 22 ‘and’ 23. Srm11ar1y, 51

combustion:gases' from zoties {9 and { are-passed
through ‘zorig 21 and supply heat: ‘to the tubular
elements of banks 924 and '25. :From fluid heat-
ing zotie: 20 {He ' combustion “gases pass ‘through

flie 28 to*a suitable stack, 'not 111ustrated and 6

from-fluid ‘heating zone 21, ‘the cotmbiistion gases
pass through flie 29'to’ the stack.

The fiow ‘of ¢il or “othér ‘fluid to be heated
through the: various tiibe banks: of the heater- 11-
lustrated i§ as follOWs: i

‘Four separate-stleams ‘of ‘the- same -fiuid and
of substant1a11y al -Volume enter thelowe
tions: of the réspective ‘tube banks 99 93, 24" and
25 through ‘the reSpectlve ‘inléet- condults 30,-81,
32°dnd ‘33 and ﬁow in ser1es ‘{hrough adJacent
tubes in each row and’ through adjacent rows of
tubes in the several fluid heating banks: in-a
gener'al upward direction® countercurrent to the
d1rect1on ‘of travel of * the combustlon ‘gases
through Auid Heating zohes 20°and 21. .
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The stream heated in bank 22 passes through
conduit 30’, located outside the main furnace
structure, to line 31’, also located outside the
main furnace structure, wherein it commingles
with the stream heated in bank 24. The com-
mingled stream passes in a general upward direc-
tion in series through adjacent tubes in the left-
hand row of bank 14, countercurrent to the gen-
eral direction of flow of ‘the. flames-and hot com-
bustion gases passing through cell B. It is thence
-directed through conduit 34, located outside the
main furnace structure, to the upper tube of the
eft-hand row of bank {2 and passes in a general
downward dlrectxon in series through adjacent
_'tubes “of ‘this Tow cohcurrent to the general di-
rection of fiow of the flames and hot combus-
tion gases passing through cell A, to be dis-
charged-from thelowermost tube of this row and
unite in discharge conduit 36, lccated outside the
main “furnace structure, with another stream of
the same fluid of substantially equal volume and
heated ” under substantially ‘fdentical ‘conditions,
2§ Will be'how described.

The- stréam ‘of ‘fluid- Kedted 'in ‘tube bank 23
passés throughi-line 32%, “Jodated: outs1de the main
furnace structure, 1nto line 33’ ialso’ located out-

de t q 3 »‘-wherem it 1s
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30 adjacent’ tubes in the
counterfcurrent to .t

right- hand row ' of “bafk ‘I
line ‘85, located outs1de‘t"e mam flirnade ‘stitie-
ture, to the uppermost tube in the nght handiow
ehiéfal downward di-
jeicent “fubés -in ‘this
ction' of ﬂow of ‘the
{gdses passing through

40
ﬂames and: hot combustmn

cell A toA be d1recte "from the lowermost tube

mmgled \separately Teate streams ‘are”
to “subséquent ‘equibirent ‘noét - pertment “to ‘the
present itivention. - -

45

version or
stréams i

zone, may ei
temperature ol ma1ntamed St {ibstanitially the

5 vebéen heated’in
¢ ~Thls mode of

trated and descrrbed
: able 1n‘the
permits “quick > hieai ‘of “tHie -hyd carbons to
the high cénversion pératiire * désived “with
low preéssure ‘drop ’through'the Héating ‘coil ‘and
also - pefmits selectron‘of tHe ‘type of heating
cuive best’ rifed ‘for the partxcular ‘type -of° hy-
dlocarbon undergomg “tréatitent ‘and -the -par-
ticular conversion ‘reattion ‘to “which -it ‘is sub-
jected.
‘It will ‘be' understood ‘that, ‘although-the fore-
going drawihg ‘dnd’ descnptmn are- dirécted, for
the sake of-specific Hllustration, to'a 2= el ‘equi+
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flux heater, neither the apparatus provided by
the invention nor the method. of heating. which
it affords, is limited to heaters of this type.
The features of the invention will be found
advantageous in heaters of many different forms
which . have separate heating zones and par-
ticularly those of the class having two or. more
radiant heating zones operated under either
substantially the same or different heating con-
ditions and having two or more fluid heating
Zones wherein different heating conditions pre-
vail. ‘ «
. I claim ag my invention: _ ‘ .

1. A heater for fluids comprising, in combina-
tion, a pair of separate combustion and radiant
heating zones having substantially parallel,
vertically disposed side walls, two substantially
parallel, vertical rows of horizontal tubes dis-
posed in each of said radiant heating zones sub-
stantially midway between said side walls there-
of, independently controlled firing means for
each of said radiant heating zones comprising
burners disposed to project flames and hot com-
bustion gases vertically over said side walis in
direct heat radiating relation to the tubes of
said banks, a separate fluid heating zone com-
municating with each of said radiant heating
zones to receive combustion gases therefrom, a
pair of tube banks arranged in each of said
fluid heating zones to receive substantially equal
heating from the combustion gases passing
through the respective fiuid heating zZones, each
of tne last named banks comprising a plurality
of superimposed horizontal rows of horizontally
disposed tubes, means for bassing separate sub-
stantially equal streams of the fluid to be heated
ia parallel through the several tube banks in
the fiuid heating zones, a tube bank in one fluid
heating zone being manifolded with a tube bank
in the other fluid heating zone and the other
tube bank in the first fluid heating zone being
manifolded with the other tube bank in the
other fluid heating zone, one of said manifolded
pair oi banks being connected in geries with one
row of tubes in one of the radiant heating zones,
the other manifolded pair of banks being con-
nected in series with the other row of tubes in
the last named radiant heating zone and each
row of tubes in the last named radiant heating
zone being connected in series with a separate
row of said tubes in the other radiant heating
zone.

2. The method of heating fluids which com-
prises, heating a plurality of separate, substan-
tially equal streams of fluid under substantially
equal heating conditions, separately heating a
plurality of separate substantially equal streams
of the same fluid each under substantially equal
heating conditions different from those to which
the first named separate streams are subjected,
thereafter commingling separate streams from
each of said groups to obtain a lesser number of
separate streams each of substantially the same
temperature, and separately further heating the
last named streams each under substantially
equal heating conditions.

3. The method of heating fluid hydrocarbons
to a high conversion temperature which com-
prises, heating a plurality of separate substan-
tially equal streams of hydrocarbon fluid to be-
low said conversion temperature under substan-
tially equal heating conditions, separately heat-
ing a plurality of separate, substantially equal
streams of the same hydrocarbon fluid to below
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sald conversion temperature each under sub-
stantially equal heating conditions different
from those: to which the first named separate
streams are subjected, thereafter commingling
separate streams from each of said groups to: ob-
tain a lesser number of separate streams each
of substantially the same temperature and sepa-
rately further heating each of the last named
streams to said conversion temperature under
substantially equal heating conditions, . .

4. The method of heating fiuids which com-
prises, heating g plurality of separate, substan-
tially equal streams of fluid under substantially
equal heating conditions in a fluid heating zone,
separately heating a plurality of Sseparate streams
of the same fluid each under substantially equal
heating conditions in another fuid heating zone
wherein the conditions of heating are different
from those maintained in the first named fuid
heating zone, thereafter commingling separate
streams from each of said groups to obtain a
lesser number of separate streams each of sub-
stantially the same temperature, and separately
further heating each of the last named streams
under substantially equal, more severe heating
conditions by passing the same through fluid con-
duits exposed to direct radiant heat.

5. The method of heating fluids which com-
brises heating a plurality of separate, substan-
tially equal streams of fluid under substantially
equal heating conditions in a fuid heating zone,
separately heating a plurality of separate streams
of the same fluid each under substantially equal
heating conditions for each stream in another
fluid heating zone wherein the conditions of heat-
ing are different from those maintained in the
first named fluid heating zone, thereafter com-
mingling separate streams from each of said
groups to obtain a lesser number of separate
streams each of substantially the same tempera-
ture, separately further heating each of the last
named streams under substantially equal, more
severe heating conditions in a radiant heating
Zone from which combustion gases are supplied
to one of the aforementioned fluid heating zones,
and subsequently heating each of the last named
separate streams under substantially equal heat-
ing conditions for each stream in another radiant
heating zone in which different heating condi-
tions are employed from those maintained in the
first named radiang heating zone and from which
combustion gases are supplied to the other of
said fluid heating zones.

6. The method of heating fluid hydrocarbons
of high conversion temperature which comprises,
heating g plurality of separate, substantially
equal streams of hydrocarbon fluid under sub-
stantially equal heating coaditions in g fluid
heating zone, separately heating g plurality of
separate, substantially equal streams of the same
hydrocarbon fluid, each under substantially equal
heating conditions for each stream in another
fluid heating zone wherein different heating con-
ditions are employed from those maintained in
the first named fluid heating zone, thereafter
commingling separate streams from each of said
groups to obtfain a Jesser number of separate
streams each of substantially the same tempera-
ture, separately further heating the last named
streams each under substantially equal heating
conditions in g radiant heating zone from which
combustion gases are supplied to one of said fluid
heating zones, and subsequently heating each of
the last named separate streams each under sub=
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stantially equal heating -conditions for each
stream in another radiant heating zone from
which. combustion gases-are supplied to the other
flilid - heating zone, and maintaining different
heating .conditionis in: the' two radiant heating
zones. -

- 7i-A heater for fluids comprising, in-combina~-
tion; separate radiant heating zones each. pro=-
vided with-independently-controlled firing means,
separate banks of fluid: conduits-in each of said
radiant hieating zones, @ fluid heating: zone indi-
vidual to nd ‘communicating with each' of said
radiant heating zones to receive combustion gases
thieréfrom; separate banks of fluid- conduits- in
eaeh of said: fluid: heating zones; said- separate
banks dn-each-of the heatihg zones being: con-
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structed and arranged for the flow «of a séparate
stream of fluid- through -each, individual banks
in-separate radiant heating zones: being connect-
ed in- series, individual banks in separate fluid
hesating zones-being manifolded-in parallel, and
the manifolded banks being connected' in-series
with. the banks -of fuid conduits in one of the
separate radiant heating zones.

8. A heater such as-defined in‘claim 7, wherein
said firing'means; fluid conduits and each of said
heating zones are-constructed and arranged to
afford substantially equal heating for each ‘of
said separate banks disposed within' the' same
heating-zone.

. LEV A. MEKLER.



