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This invention relates in general to the heat-
ing of ‘hydrocarbon fluids and more especially to
heating hydrocarbon fluids to elevated tempera-
tures in a rapid manner by providing a large

5 ratio of heating surface to the volume of hydroe-
carbon fluid being heated.

“More specifically, this invention relates to im-~
provements in heating ‘hydrocarbon fluids in an
apparatus wherein a multiplicity of parallel paths

10 are provided for a stream of hydrocarbon fluid
to thereby greatly increase the amount of heat-
ing surface available for a given quantity of fluid
being heated at any one time.

In the heating of hydrocarbon fluid to elevated

15 temperatures, such as cracking temperatures, it
is often desirable to heat the fluid to the re-
quired temperature as rapidly as possible, By
rapidly heating the hydrocarbon fluid ‘to the de-
sired temperature, it is possible to carry out the

9o desired reaction withoui the disadvantages that
miight flow from continuously heating the hydro-
carbon fiuid, to the desired temperature for a
prolonged -period of time. :

/. In. accordance with my invention, a. stream

o5 -of ‘hydrocarbon fluid is preferably. preheated to
an. elevated temperature, but to a. temperature
where inappreciable cracking occurs. - This heat-
ing. may be accomplished in a convection heat-
itig "¢hamber of ‘& furnace receiving combustion

0 gases from ‘the combustion or radiant heating
‘chamber. The combustion or radiant heating
chamber, as contemplated by my invention, is
provided with a ‘multiplicity of heat-absorbing
fibes on each wall which cover at least a por-

35 ‘tionof each wall and preferably the majority
‘thereof, with all of the tubes on any one wall
being connected in parallel. ‘

The -preheated stream of hydrocarbon fluid
from vhe ‘convection Theating chamber s intro-

40 duced; as contemplated by my invention; into a
manifold which is connected with the parallel
arranged tubes'in the combustion chamber. The
Hydrocarbon fluid flows from  the manifold in
g ‘multiplicity -of much -smaller streams, as de-

45 termined by the number of tubes connected in
parallel ‘to-the ‘manifold, through ‘the combus-
‘fion ‘or radiant heating chamber. By ‘dividing
theé- main ~stream  of ‘hydrocarbon fluid into a
‘multiplicity -of smaller streams for passage, Say

i50 ‘once, ‘irl “small tubes around the combustion
‘thamber, there'is provided a much larger ratio
iofititbe stirface, thatis; heating surface; to tube
yolutme; that is, volume of hydrocarbon fluid
_in any -one tube, which results in much more
86 rapid ‘heatingof' the” hydrocarbon fluid: than

would be the case if the preheated stream was
caused to flow progressively and serially through
larger tubes arranged on the walls and/or roof
of the combustion chamber in the conventional
manner in order to accomplish the desired heat- 5
ing of said hydrocarbon fluid. "It will thus ‘he
apparent that each of the multiplicity of small
streams is individually heated to an elevated
temperature during the passage of each stream
in the tubes around the walls defining the com- 10
bustion or radiant heating chamber.

My invention further contemplates a plurality
of tubés connected in parallel and disposed upon
the roof of the combustion or radiant heating
chamber. These roof tubes are preferably uti- 15
lized for passing a second stream of oil there-
through to be heated to the desired -elevated
temperature, the same fundamental principle
being’ applied to this stream as the other, that
is, providing a large ratio of heating surface to  2p
hydrocarbon fluid volume to thereby make pos-
sible the more rapid heating of this stream of
hydrocarbon fluid.

In order to make my invention more clearly

~ understood, I have shown in the accompanying 25

drawing, means for carrying the same into prac-

‘tical effect without limiting the improvements

in ‘their useful application to the particular con-
struction which, for purposes of explanation, has
been made the subject of illustration. 30
In the drawing:
Figure 1 is an elevational view, partly in sec-
tion, of an apparatus embodying my invention.
Figure 2 is a plan view of part of the appara-
tus taken along line 2—2 of Figure 1. = 35
Referring to the drawing wherein like parts
in the two views are designated by the same
characters, and more particularly to Figure 1,
there is shown a furnace setting 1 having a com-

‘bustion or radiant heating chamber 2 and a con- 40

vection heating chamber 38, the c¢hambers 2 and
3 being separated from each other by a bridge
wall 8. The combustion chamber 2 is provided
with a plurality of burners § disposed in any suit-
able manner but preferably in the two side walls -45
and the-end wall thereof. The hot products of
combustion produced by the burners 5 pass up-
wardly through the chamber 2, over the bridge
wall 4, through the convection heating chamber
3 and are withdrawn from the convection heat- 50
ing chamber 3 through a flue 6 leading to a suit-
able ‘stack, not shown.

Hydrocarbon fluid to be heated to an elevated
temperature is introduced intc a line T from

-which'it is passed to a plurality of interconnected ‘b6
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2
tubes 8 disposed in the convection heating cham-
ber 3 in such a manner as to be swept by the
hot combustion products passing therethrough.
The individual tubes 8 have been shown as con-
nected in series, although it is to be clearly un-
derstood that these tubes may be connected in
barallel if desired. The hydrocarbon fluid pass-
ing through the heat-absorbing tubes 8 is pre-
heated therein to an elevated temperature, pref-
erably to a temperature where inappreciable
cracking occurred. The thus preheated hydro-
carbon fluid after passing through the heat-ab-
sorbing tubes 8 is conducted by means of a line
§ to the combustion chamber 2.

The hydrocarbon fluid passing through the
line 8 is introduced into a manifold i! shown as
positioned in the combustion chamber 2, al-
though it may be outside thereof. The combus-
tion or radiant heating chamber 2 is provided
with a multiplicity of heat-absorbing tubes 12,
breferably of small internal diameter, which ex-
tend around the four walls of the combustion
chamber 2 to form a heating coil. As contem-
blated by my invention, the tubes on each wall
which form a part of the coil section are con-
nected in parallel, that is, the hydrocarbon fluid
introduced into the manifold ! is divided into
a plurality of streams, each of which passes
through an individual tube 2. The tubes {2
forming the continuous path for each parallel
path of bydrocarbon fluid are connected at the
corners of the furnace setting by suitable 90° re-
turn bends i3. It will be evident from the fore-
going that the oil leaving the manifold [ is

5 divided into a multiplicity of parallel streams for

Passage through the tubes i2 extending once
around the combustion chamber 2. By dividing
the main stream of hydrocarbon fluid into a
multiplicity of parallel streams in the manner
shown, there is provided a2 much larger ratio of
heating surface to hydrocarbon fluid volume than
would otherwise be the case.

The hydrocarbon fluid after passing as sep-
arate streams through the parallel tubes 12 on

3 the back wall of the furnace is conducted to a

manifold {4, also shown as positioned within
the combustion chamber 2 although it may be
on the cutside, wherein it may be quenched, from
which the heated stream of hydrocarbon fluid is
withdrawn through a line {5 for passage to other
equipment, such as a soaking chamber or evapo-
rator, for further treatment.

The hydrocarbon fluid passing through the
heat-absorbing tubes 12 is rapidly heated to an
elevated temperature, such as to the desired
cracking temperature, preponderantly by the
radiant heat absorbed by the tubes.

It will be noted that the parallel arranged
tubes on each of the walls defining the combus-~
tion chamber cover the majority thereof and
all of the tubes on any one wall are connected
in parallel. It will be apparent thai the furnace
setting may be enlarged in order to provide suf-
ficient space for another heating coil similar to
the heating coil composed of the tubes 12 but
disposed either above or below the tubes 12.
Thus it will be possible in accordance with this
modification to provide still added heating sur-
face for the hydrocarbon fluid being treated.

My invention further contemplates the heat-
ing of a second stream of hydrocarbon fluid in
the apparatus described. As shown, there is
provided a multiplicity of roof tubes 16 connect-
ed in parallel. This group of tubes is connected
to a manifold at each end thereof, the stream of
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fluid flowing in parallel paths through these
tubes.

The second stream of hydrocarbon fluid may
be passed through a line IT into 2 manifold 18
disposed adjacent the roof and the side wall of
the furnace setting shown in Figure 1. This
stream of hydrocarbon fluid is divided into a
multiplicity of parallel streams for passage
through the tubes 16. From the tubes 16 the
barallel streams enter g manifold, not shown,
but similarly disposed on the other side of the
furnace setting, and in which the hydrocarbon
fluid may be quenched. From this manifold the
hydrocarbon fluid is conducted through a line,
not shown, to suitable equipment, such as an
evaporator or a soaking chamber for further
treatment.

The second stream of fluid passing through
the groups of parallel connected tubes 16 is heat-
ed to elevated temperature breponderantly by
the radiant heat absorbed by these tubes, al-
though it will be evident that these tubes also
receive some convective heat.

If desired, separate groups of parallel connect-
ed tubes disposed adjacent the roof of the cham-
ber 2 may be provided each group for a mani-
fold at each end, and the groups connected be-
tween manifolds by a suitable line.

If desired the group of roof tubes 16 may he
dispensed with thereby leaving the roof of the
furnace bare. By having both a bare roof and
a bare floor, it will be evident that reflected or
re-radiated heat from both of these surfaces
is possible. Consequently the group of parallel

arranged tubes 12 receives not only the direct ‘

radiation from the products of combustion pass-
ing through the combustion chamber 2 but also
re-radiation from both the floor and roof of the
furnace setting.

When the groups of tubes 16 are not included
in a heating apparatus in accordance with my
invention, the parallel arranged tubes 12 on the
four walls of the combustion chamber 2 may he
arranged around the horizontal axis of this

chamber instead of the vertical axis as shown. .,

Thus, these groups of tubes may be disposed on
the floor and roof of the combustion chamber
connected by vertical tubes on each of the side
walls. With this arrangement, as in the other,

all of the tubes are connected in parallel so that o

the hydrocarbon fluid passes only once around
the combustion chamber. It will be apparent
with this arrangement that the front wall and
the bridge wall are bare, burners being disposed

in the front wall with the products of combustion :

traveling horizontally from the burners to the
bridge wall, thus exposing all the tubes to sub-
stantially the same degree of heat, The bridge
wall may be provided with suitable openings for
passage of the products of combustion to the con-
vection heating chamber,

In operating in accordance with my invention,
a relatively clean gas oil stock may be passed
through the preheating tube 8 and therein raised
to a temperature short of cracking, say to a tem-
berature of about 800° F. or above, The oil after
being preheated in the tubes 8 is passed through
the parallel connected tubes 12 wherein if is rap-
idly raised to a high cracking temperature, such
as to a temperature about 1100° F or higher, pre-
ponderantly by radiant heat absorbed by these
tubes. Preferably this stream of oil is maintained
under a super-atmospheric pressure, for example,
from 750 to 4500 pounds per square inch.

A second stream of oil, such as a reduced crude,
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breferably preheated, may bhe introduced into the
line IT and passed through the groups of parallel
connected tubes 16 to therein be raised to a tem-
perature sufficiently high to accomplish the de-
sired viscosity breaking thereof, as for example,
to & temperature of about say 925° F. while being
maintained under a pressure of, say, from 50 to
750 pounds per square inch.

It will be noted that my invention avoids con-
nections between the heating coil on the four

“walls of the combustion chamber and the heating

coil adjacent the roof. While a connection may
be provided for conveying the hydrocarbon fluid
from the four wall heating coil to the roof heat-
ing coil, or vice-verss, I prefer not to make such
provision 'in. view of the uncontrolled cracking
that may take place in such a cohnection with
the resultant coke deposition therein.

The number of parallel tubes 12 comprising the
heating coil in the chamber 2 may be varied de-
pending on the amount of heating surface re-
quired to raise the oil to a given temperature in
a specified time.  While I have shown a certain
number of parallel connected tubes on each wall,
this is merely for illustrative purposes.- For in-
stance, the number of parallel connected tubes
may vary considerably as from about 20 or 30 to
about 150 or more.

It may be desirable in some instances to dis-
pose a group of tubes connected in parallel on

- only part of the walls in the combustion chamber.

35
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PFor instance, parallel connected tubes may be
disposed on only two of the walls, the other two
being left bare, or if desired, all of the walls may
be covered at least in part with parallel: con-
nected tubes and a separate stream of hydrocar-
bon fluid passed through the tubes on one or more
of the walls. '

From the foregoing it will be readily appreci-
ated that the various streams of oil heated in an
apparatus of the type shown are heated at a
much more rapid rate than otherwise would be
the case. By providing a multiplicity of parallel
tubes, a much larger ratio of tube surface to tube

5 volume is made possible, thereby greatly increas-

ing the rate of heat input to the oil,

The tubes in the combustion chamber 2 are
preferably of small internal diameter. For in-
stance, in constructing an apparatus of the type
shown, tubes "having -an internal diameter of
about three-eighths of an inch to one inch or
higher may be used.

Obviously many modifications will suggest
themselves. to-those skilled in the arb, and my
invention should be limited only by the limita-
tions imposed in the appended claims, where the
true scope thereof is defined.

3

I claim:

1. The method of heating hydrocarbon fluids
to a cracking temperature in an apparatus com-
prising: a combustion chamber, a separate con-
vection heating chamber supplied with furnace
gases from the combustion chamber, a single-
passage heating coil disposed in the convection
heating chamber, and a parallel-passage heating
coil disposed in a horizontally arranged bank
within the space constituting the combustion
chamber about the  walls' thereof and substan-
tially out of the path of the convection gases
flowing to the convection chamber, each of the
tubes of which parallel-passage heating coil is of
smaller cross-sectional area than that of the
single-passage heating coil, that comprises first
heating the hydrocarbon fluid in a single continu-
ous stream in the single-passage heating coil in
said convection heating chamber and thereafter

dividing all of the stream from the convection °

heating chamber directly into a plurality of con-
tinuous streams flowing through the tubes of the
parallel-passage heating coil, so that the hydro-
carbon fluid flowing in parallel streams in the
tubes entirely around the walls of the combus-
tion chamber is heated preponderantly by radiant
heat in a plurality of parallel streams of reduced
cross-sectional area.

2. The method of heating hydrocarbon fluids
to a cracking temperature in an apparatus com-
prising a combustion chamber, a separate con-
vection heating chamber supplied with furnace
gases from the combustion chamber, series con-
hected tubes comprising a heating coil disposed
in the convection heating chamber, and a par-
allel-passage heating coil disposed in a bank ex-

tending entirely around four of the boundary :

surfaces of the combustion chamber and sub-
stantially out of the path of the convection gases
flowing to the convection chamber, each of the
tubes of which parallel-passage heating coil is
of materially smaller cross-sectional area than
the tubes of the first-mentioned heating coil, that
comprises first heating the hydrocarbon fluid in
the heating coil in said convection heating cham-
ber and thereafter dividing all of said hydrocar-
bon fluid from the convection heating ‘chamber
directly into a plurality of continuous streams
flowing through the tubes of the parallel-passage
heating coil, so that the hydrocarbon fluid How-
ing in parallel streams in the tubes entirely
around the combustion chamber is heated pre-
ponderantly by radiant heat in a plurality of
parallel streams of reduced cross-sectional area.

WALTER E. LOBO.,
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