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This invention relates in general to the hea,t-
ing of hydrocarbon fluids and more especially to.
improvements in- the  heating of hydrocarbon
fluids in'a controlled manner.

This - invention provides for the controlled -

heating of hydrocarbon fluids in a unitary heat-
ing apparatus having a plurality of separately

fired combustion or radiant heating chambers:

and a common convection heating chamber re-
ceiving combustion-gases from each of the com-~
bustion chambers. ..

- The! hydrocarhon ﬂuld belng heated may be
initially divided into a plurality of streams and
each stream passed through separate intercon-

~“nected heat-absorbing tubes or conduit elements

disposed +in. the convection heating 'chamber
wherein each stream.of hydrocarbon fluid is sep=
arately preheated. 'The thus separately pre-

heated streams may then be conducted separately

through other interconnected - heat-absorbing
tubes or conduit elements disposed in one of the
combustion chambers in such a manner as to be
heated preponderantly by radiant heat.
of the streams of hydrocarbon fluid in . passing
separately through tubes in the: combustion
chamber- is: heated to an elevated temperature,
such ‘as cracking temperature, by the heat ab-
sorbed by said tubes from the combustion gases.

Subseguent to the heating of the separate

_ streams of hydrocarbon fluid passing through the

tubes in the mentioned combustion chamber,
these streams are merged and then conducted
through cther heat-absorbing tubes or conduit
elements disposed in another combustion: cham-

Cber in such & .rpanner as to he heated prepon-.
_-derantly by radiant - heat.

The thus-merged
stream of oil in passing through the conduit ele-
ments in this combustion chamber is subjected
to-additional heat therein so as to carry out the
desired heating of said oil stream as for example

©maintaining - the hydrocalbon fluid at cracking

45,

tempersture in this combustion chamber.,

The invention will be more fully understood
from the following description taken in conjunc-
tion with the accompanying drawing in-which:

. Pigure 1 is an elevational view, partly in sec-
tion, of a uritary furnace arrangement embody-

" ing my invention.

50

Figure 2 is a flow dlagram in perspective, illus-
trating the flow of the plural streams of hydro-
carbon - fuid -through one. of the combustion

.. chambers.

55,

‘Referring to Figure 1, there is shown a furnace
setting 4 divided into separate combustion or

radiant heating chambers 2 and 3 and a convec-

-Each -

1934, Serial Ne. 750, 617
(Cl 196-—51)

" “tion heating chamber a The combustlon cham- o
bers 2 ‘and 3 are separated from each other by an

air-cooled bridge ‘wall 5, and the combustion

chamber 3 and the convection heating chamber.

4 are separated from each other by another air-
cooled bridge wall 6.
chambers.2 and 3 is preferably provided with an
air-cooled . floor. ~As shown,. the combustion
chambér 2 has an air space. 7 thercbelow and
the combustion chamber 3 has a similar air space
8 therebelow, the air -passing - throughy these
spaces -cooling the floors. of the. respective com-

bustion chambers to thereby prevent injury to’
the refractory material of the floor 'as well ‘as’

preventing excessive radiation. of ‘heat to-the
ground. and being utilized, if desired, ‘as pre-

HEach of the” combustmn ‘

10,
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heated air for the burners used in conjunction

with this furnace setting.

The combustion.chamber 2 is provided with a_
20
the two side walls.of this chamber and the com- n

plurality of burners. 8 positioned preferably upon

bustion chamber. 3 is provided with a. plurality
of similarly positioned burners {{. The number
of burners for each.of the combustion chambers

may, of course, be varied depending on the duty’

which each combustion. chamber is designed to
fulfill. Moreover, while the burners have been

shown as being horizontally disposed, they may -

be' positioned. in the floor of the furnace and,
therefore, extend vertically into each of the com-~
bustion chambers.

The hot-products of combustlon produced by
the burners 9 in the combustion chamber 2 pass
over the bridge wall § into the eombustion cham-
ber 3.where they are combined with the hot prod-

“ucts. of combustion from the latter combustion:

chamber. These products, after passing in heat
exchange with heat-abscrbing tubes in the upper
part or roof of the combustion chamber 3, pass
over.the bridge wall § and are. conducted through

the convection heating .chamber 4 to an ‘outlet -

fiue 12, from which they are conducted to a suit-
able. stack not shown.

In carrying out my. invention in an apparatus

of the type described, one stream of oil, such as
gasoline or naphtha to be reformed, or clean gas
oil to be cracked, may be intreduced into a line
13 and passed through.a plurallty of serially in-
terconnected heat-absorbing. tubes 14 occupying
about -one-half ofthe space of. the ‘eonvection
heating chamber &, as is indicated by the irregu-
lar line A—B. The stream of hydrocarbon fluid
in passing through the tubes 14 is therein pre-
heated and is conducted by means-of a line. {5
to a brldge wall coil section {6 composed of a
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plurality of interconnected tubes disposed adja-
cent the lower part of the bridge wall 6. The
hydrocarbon fluid passes through each of the
tubes of the coil section-16 as a continuous stream
from which it is conducted to a four-wall coil
section 1T extending around the two side walls
and-the bridge walls 5 and § which define the
combustion chamber 3. As shown, more particu-
larly in Figure 2, the hydrocarbon fluid upon en-

-tering the coil section {7 is divided into parallel

streams for passage through the four-wall coil
section 1. From the four-wall coil section 17
the stream of hydrocarbon fluid may be con-
ducted by means of g line I8 to a coil section 19
composed of heat-absorbing tubes or conduit
elements disposed upon the right half of the.roof
of the combustion chamber 3. The hydrocarbon
fluid then flows in parallel streams through. the
tubes of the coil section 19 to an outlet line 28.

A second stream of hydrocarbon fluid, such as
gasoline or naphtha to be reformed, or a clean
gas oil to be cracked, may be introduced into
a line 21 and passed through a plurality of
serially . interconnected tubes 22 disposed in the
other half of the convection heating chamber 4
as indicated by. the irregular line A~B. 'The
hydrocarbon fluid in passing through the inter-
connected tubes 22 is therein preheated and is
conducted by means of a line 23 to a bridge
wall coil section 24°in chamber 3 composed of
heat-absorbing  tubes or conduit elements dis-

posed adjacent the bridge wall 5 at the lower.

portion thereof. The hydrocarbon fluid flows
through the tubes of the coil section 24 as a
continuous stream and is conducted, as is more
clearly shown in Figure 2, to a four-wall coil
section 25 extending around the two side walls
and the bridge walls § and 6. The tubes com-
prising the coil section 25, which are connected

‘in parallel the same as the tubes of coil sec-

tion 17 occupy the spaces between parallel con-
nected groups of tubes forming the coil sec-
tion {1. Thus, the hydrocarbon fluid passes

_through the coil section 25 in parallel streams

and is' conducted by means of a line 26 to =&
coil section 27 composed of parallel connected
tubes occupying the other half of the roof, the
right-hand half being occupied by the coil sec-
tion 19.
the coil section 27 in parallel streams and merges
with the other stream of hydrocarbon fluid pass-
ing through the coil section 19 in the line 28.
The arrangement of tubes in the combustion
chamber 3 and. the flow of hydrocarbon fluid
therethrough may be clearly seen from. an in-
spection of Figure 2, the coil sections 16, 17
and {8, together with the connections there-
between heing indicated by dash lines, while the
other coil sections are indicated by solid lines.
Figure 2 shows vertical lines connecting par-
allel connected tubes at the junctions of the walls
of the furnace setting. This indicates that two
parallel streams enter a header, pass through

. the single passage. therein and leave as two
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parallel streams. Of course, separate connec-
tions may be provided for each parallel stream,
thus eliminating the mentioned vertical lines.
Each of the separate streams of hydrocarbon
fluid passing through the inteérconnected tubes
in the combustion chamber 3 is heated to the
desired elevated temperature, such as to crack-
ing temperature, preponderantly by the radiant
heat absorbed by the tubes in this chamber.
The thus-heated hydrocarbon fluid, as a
merged stream is passed through the line 28

The hydrocarbon fluid passes through

2,190,635

to.a roof section 28 composed of a plurality of

-tubes ‘connected for parallel flow and spaced

from the roof of the combustion chamber 2.
From the roof section 29, the hydrocarbon fiuid
is conducted through a line 3{ to a coil section
32 composed of a plurality -of tubes also con-
nected for parallel flow and disposed adjacent
the bridge wall 5 but spaced therefrom. The
hydrecarbon fluid is then passed by means of
a line 33 to a coil section 34 composed of a
plurality of tubes similarly connected and spaced
from the end wall, thence through & line 35
to a similar side wall coil section 36 disposed in
the space between the coil section 34 and the
end wall, the tubes- of the two coil sections
being arranged in staggered relation with each
other. From the coil section 86 the hydrocar-
bon fluid may be conducted through a line 37
to another similar coil section 38 disposed in
the space between the bridge wall 5 and the coil
section 32, the tubes of the two coil sections
alsc being arranged in staggered relation with
each other.. The hydrocarbon fluid after passing
through the coil section 38 is conducted by means
of a-line 38 to an upper coil section 41 disposed
in the space between the roof of the combustion
chamber 2 and the coil section 29, the tubes of
the two coil sections also being in a staggered
relation with each other.. The hydrocarbon fluid
after passing through the roof section 41 is con-
ducted by means of a transfer line 42 to suit-
able other equipment, such as an evaporator or
the like, for further treatment.

All of the tubes disposed within the combus-
tion chamber 2 are connected for providing par-
allel flow of the stream of hydrocarbon fluid
passing - therethrough.  As shown, the tubes
forming the- individual coil sections are con-

-hected for .conveying two parallel streams of

hydrocarbon fluid therethrough.

The tubes in the combustion chamber 2 are
adapted to act as a soaking section for the
merged - stream of hydrocarbon fluid passing
therethrough. Thus, the hydrocarbon fluid at
cracking temperature introduced into the roof
tubes 29 may be maintained at cracking tem-
perature or slightly elevated in temperature in
its passage through the various coil sections in
the manner described. Clearly by regulating the
extent of firing of the burners 9 associated with
the combustion chamber 2, excellent control of
the amount of heat imparted to the hydrocar-
bon fluid passing through the tubes in the com-
bustion chamber 2 is made possible.

While the tybes in the various sections of
the furnace have been shown as connected in
a certain manner, it is to be clearly understood
that such connections may be varied with more
or fewer parallel paths, as the case may be,
being provided by connecting more or fewer of
the tubes in paralle] or, if desired, a single con-
tinuous path may be provided for the hydro-
carbon fluid being heated in the manner de-
scribed. Tt is also to be understood that the
direction of flow of oil through the various coil
sections may be varied, as desired, as well as
the positioning of the tubes in the various
chambers.

- ‘While the convection heating chamber 4 has
been shown as positioned to the right of both
of the combustion chambers 2 and 3, it is also
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to be clearly understood that this convection -

heating chamber may be disposed between the

combustion chambers 2 and 3 and separated.

therefrom by suii_;able bridge walls, the bridge

o

-



10

25

2,190,685

walls ~thus fonmng the convectmn ‘heating
chamber.

The -coil sections disposed ad,}acent the roof
in -each:of the -combustion chambers ‘are, 'like
the wall coil sections, heated preponderantly by
radiant heat. 'These coil sections, however, may
receive ‘some -convective heat from the combus-
tion ‘gases, those in the combustion chamiber 3
receiving some convective heéat from ‘the combus-
tion gases from both combustion chambers.

Obviously, many modifications in‘the apparatus
and ‘mode -of operation may be made “without
depariing ‘from the spirit of the invention which
is’ defined in 1ts true scope m the appended
claims.

I claim:

1. The method of heatmg a p1u1 ality-of streams
of hydrocarbon ‘fluid ‘to ‘elevated ‘temperature in
a heating apparatus having a plurality -of sepa-
rately fired heating zones and a separate con-
vection heating zone receiving hot gases from
each ofsaid fired heating -zones which com-
prises  passing. hydrocarbon - fiuid ‘in -separate
streams through the -convectien heating zone
and fherein 'subjecting them separately to' the
convection heat of said combustion gases, ‘sepa~
rately passing the thus-heated streams through
one of the separately fired heating zomes from

. the point where each of said- streams ‘enters
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said last mentioned separately fired heating zone
to o point where each leaves gaid last mentioned
separately fired heating zone, and therein sepa-
rately ‘heating each stream, preponderantly by

radiant heat, to elevated temperature, thereafter

combining each of said separately heated streams
of fluid  and passing the thius-combined stream
through "another - separately fired heating zone
wherein ‘it is. subjected to addltlonal heat, pre-
ponderantly radiant heat.” .

2. The method of heating a plurahty of streams

of hydrocarbon oil in .4 heating -apparatus hav-

ing. a plurality of separately fired heating zones
defined by walls and a rocf and a convection
heating zone receiving ‘hot ‘gases ‘from -each of

said fired heating zones which comprises pass--

ing hydrocarbon oil in separate streams ‘through
conduit elements in sdid convection heating zone
and therein subjecting each stream to convec-

tion heat absorbes by said .conduit elements,:

separately pessing the thus-hested streams -of
oil through - other . separate conduit elements
along certain of the vertical ‘walls of -one of
the separately fired heating zones from the point
where each of said streanis enters said conduit
elements: along. the walls to a point ‘where -each
stream leaves said zone and therein separately
heating each stream, preponderantly by radiant
heat, to elevated temperature, thereafter com-
bining each of said separately -heated streams
of ‘oil and passing the thus-combined 'stream

' through conduit elements in ancther-separately

%

fired heating zone wherein it is
additional heat.

3. The method of heating a plurality of streams
of hydrocarbon c¢il in a heating apparatus hav-
ing a plurality of separately fired heating-zones

subjected to

defined by walls and a rcof ‘and a convection

heating zone receiving hot gases from each of
said fired heating zones which comprises pass-
ing hydrocarbon oil in separate streams through
conduit elements in said convection heating zone
and therein subjecting each stream f{o convec-
tion heat absorbed by said conduit elements,
separately passing the thus-heated streams of

3

oil:through-other separate conduit elements-along.. '~

certain of the verticdl walls of one of the sepa-
rately fired heating zones from the point where
each of said =streams -enters said conduit ele-
ments -glong the walls to a point where each
stream ‘leaves said zone -and -therein separately
heating each stream, preponderantly by radiant
heat, to -elevated temperature, thereafter com-
bining -each of -said separately heated streams

of .0l and passing ‘the ‘thus-combined stream

through conduit elements along certain of ‘the

[}

vertical walls -of another -separately fired heat- -

ing zone 'wherein it is subjected to additional
heat.

4, 'The method of ‘heating . a plurality - of
streams -of hydrocarbon oil in a heating appa-
ratus having a plurality of separately fired heat-
ing -zones defined by walls and a roof, and a
convection heating zone receiving hot gases from
each of said fired heating zones which comprises
passing hydrocarbon oil" in ‘separate streams
through conduit elements in said convection

‘heating zone and therein subjecting each stream

to convection heat absorbed by said conduit ele-
ments, :separately passing the thus-heated
streams -of oil through ‘other separate conduit
elements along certain of the vertical walls of
one of ‘the separately fired heating zones and
therein separately heating each stream, prepon-

‘derantly by radiant heat, to elevated tempera-

ture, separdtely passing each of said: streams
from ‘the ‘conduit elements along certain of said
walls of 'said separately fired heating .zone to
and through separate conduit elements on the

-roof thereof, thereafter combining each of said

separately heated streams of oil and passing the
thus-combined -stream through conduit elements
in-another ‘separately fired hesating zone ‘wherein
it is subjected to additional hest.

5. The method of heating a plurality of
streams of hydrocarbon oil in a heating appa-
ratus having a-plurality of separately fired heat-
ing  zones - defined 'by walls and a roof, and a
convection heating zone receiving hot gases from
each:of ‘said fired heating zones which comprises
passing hydrocarbon oil in separate  streams
through conduit elements in said convection
heating zone and therein subjecting each stream
to: convection heat absorbed by said conduit ele-
ments, separately passing the thus-heated
streams of “cil through other separate conduit
elements along vertical walls of.one of the sepa-
rately fired heating zones and therein separately
heating each stream, preponderantly by radiant

‘heat, to elevated temperature, separately pass-

ing each of said streams.from the conduit ele-
ments glong said walls. of said separately fired
heating zone to and through separate conduit
elements on the roof thereof, thereafter com-
bining each of said separately heated streams
of oil and passing the thus-combined stream
through .conduit ‘élements along vertical walls
of another separately fired heating zone where-
in it is subjected to additional heat.

6. The method of heating a plurality of
streams of -hydrocarbon oil in 2 heating appa-
ratus having a plurality of separately fired heat-
ing zones defined by walls and a roof, and a
convection healing zone receiving hot gases from

each of said fired heating zones which com-

prises passing hydrocarbon oil in separate
streams through conduit elements in said .con-
vection heating zone and therein subjecting each
stream. to convection heat absorbed by said con~
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duit elements; separately passing the thus-heated
streams of - oil through' other separate conduit
elements along the walls of one of the separately
fired-heating zones .and therein separately heat-
ing each stream, preponderantly by radiant heat,
to elevated temperature, separately passing each
of said sfreams from the conduit elements along
the walls of said separately fired heating zone
to and through separate conduit elements on
the roof thereof, thereafter combining each of
said separately heated streams of oil and pass-
ing the thus-combined stream through conduit
elements along the walls of another separately
fired heating zoné and therein subjecting it :to
additional heat, preponderantly radiant heat, ab-
sorbed by said conduit elements and then pass-
ing said stream through other conduit elements

- on the roof of the last-mentioned heating zone,

50

66
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7. The method in accordance with claim 6 in

. which the separate streams of oil passing through

the first-mentioned separately fired heating zone
are raised to cracking temperature and there-
after maintained at cracking temperature in
their passage as a single stream through the
second-mentioned separately fired -heating zone.

8. An apparatus adapted for heating hydro-
carbon fluids which includes a plurality of com-
bustion chambers, separate means for producing
hot products of combustion for each combus-

- tion chamber, a conduit element disposed in each

of said combustion chambers to be heated pre-
ponderantly by radiant heat, said: conduit ele-
ment ini one of said combustion chambers being
arranged along certain of the vertical walls and

* roof thereof and connected for conveying a plu-

rality of separate streams of hydrocarbon fluid
from the point where each stream enters said
combustion chamber to a point where each
stream leaves said combustion chamber, and
means whereby the plurality of streams of hy-
drocarbon fluid are merged and conducted as a
single merged stream through said conduit. ele-
ment in another of said combustion chambers.
9."An apparatus.adapted for heating hydrc-
carbon fluids which includes a plurality of com-
bustion chambers, separate means for produc-
ing hot products of combustion for each com-
bustion chamber, a ¢onduit element disposed. in
each of said combustion chambers to. be heated
preponderantly by radiant heat, said condult
element in one of said combustion chamber
being ‘arranged along certain of the ver’mcal
walls and roof thereof and. connected for con-
veying a plurality of separate streams of hydro-
carben fluid from the point where each stream
enters said combustion chamber to a point where
each stream leaves said combustion chamber,

and means whereby the plurality of streams of

hydrocarbon fluid are msrged and conducted as
a single merged stream through said conduit
element in another of said combustion cham-
bers, said conduit element in said last mentioned
combustion chamber being arranged along cer-

2,190,635

tain vertical walls and the roof of said last
mentioned combustion chamber.

10. The method of heating a plurahty of
streams - of hydrocarbon fluid to elevated tem-
perature in a heating apparatus having a plu-
rality of separately fired heating zones and a
separate convection heating zone receiving hot
gases from each of said fired heating zones which
comprises passing hydrocarbon fluid in separate
streams through the convection heating zone and
therein subjecting them separately to the con-
vection heat of said combustion gases, separately
passing the thus-heated streams through one of
the separately fired heating zones and therein
separately heating each stream, preponderantly
by radiant heat, to elevated temperature, there-
after combining each of said separately heated
streams of fluid and passing the thus-combined
stream through banks of heater tubes arranged
along certain vertical walls and the roof in an-
other separately fired heating zone wherein it
is subjected to additional heat, said combined
stream being passed through heater tubes ex-
posed to direct radiant heat and then through
shielded heater tubes in said last mentioned
heating zone.

11. The *method of “heating a plurality of
streams of hydrocarbon oil to elevated tempera-
ture which comprises passing hydrocarbon oil
in. separate streams of restricted cross-sectional
area through a separately fired heating zone
from the point where each of said streams enters
said zone to a point where each leaves said
zone, and therein separately heating each stream,
preponderantly by radiant heat, tc cracking
temperature, thereafter -combining said sepa-
rately heated streams of oil and passing the

thus combined stream through bhanks:of tubes.

arranged adjacent certain vertical walls of an-
other separately fired heating zone and. therein
subjecting the stream to additional heat, pre-
ponderantly radiant heat, to maintain the stream
at cracking temperature.

12. The method of heating a plurality of
streams of hydrocarbon oil to elevated tempera-
ture which comprises passing hydrocarbon oil
in separate streams of restricted cross-sectional
area through a separately fired heating zone from
the point where each of said streams enters said

. zone to & point where each leaves said zone, and

therein separately heating each stream, prepon-
derantly by radiant heaf, to cracking tempera-
ture, thereafter combining said separately heated
streams of oil and passing the thus combined
stream through banks of heater tubes arranged
along certain boundary surfaces in anocther sepa-
rately fired heating zone wherein it is subjected
to additional heat, the combined stream. being
first passed through heater tubes exposed to di-
rect radiant heat and then ‘through shielded

‘heater tubes in -said. last mentioned separately

fired heating zone.
WALTER E. LOBO.
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