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5 Claims.

This invention relates to the heating of fluids -

and particularly refers to an improved type of

‘furnace for supplying heat to fluids such as, for

example, hydrocarbon oils.

While the process and apparatus hereinafter
described and illustrated is particularly adapted
to heating hydrocarbon oils to relatively high
temperatures, such as those employed in crack-
ing, the principles of the invention may be
10 utilized in ordinary distilling operations, in the

generation of steam or, in fact, wherever furnaces

employing gas, oil or pulverized fuel may be ad-
vantageously utilized.

The primary concepts of the present invention

15 provide an improved furnace for heating fluids
wherein all or a portion of the floor of said
furnace may comprise a hearth through which
combustible materials are supplied to the com-
bustion zone of the furnace.

90 As a feature of the invention, the fuel supplied
to the floor hearth of the furnace may be a com-
bustible gas such as natural gas or refinery gases
or ¢il or, if desired, pulverized fuel such as pul-

verized coal or coke may be employed or any

o5 combination of these fuels may be utilized.

As. a further feature of the invention, the air
required for combustion in the furnace may, be
substantially all supplied through said floor
hearth. Auxiliary air may be supplied through

30 the floor hearth preferably entering the combus-

5

tion zone of the furnace through portions of the .

hearth through which fuel is not supplied but
adjacent thereto, serving to cool the firing com-
partments of the hearth, sald auxiliary air being
itself preheated in its passage through ports
adjacent said firing compartments. As a pri-
mary feature of the invention, the heat input to
any section of the fluid conduit can be controlled
to meet any predetermined requirements by reg-
ulating the quantity of fuel supplied to a given
_portion of the hearth. For example; by supplying
more fuel to the forward portion of the hearth
the temperature in the corresponding portion
of the furnace is increased, thus increasing the
heat input in a correspondmg portion of the
fuid conduit.

As another fedature of the invention, fuel may
be supplied through the floor hearth in such a
manner that the hearth structure will assume a
luminous quality thus enabling it to function as
a radiating surface.

The principles and features of the present in-
vention will be more apparent with reference to
the accompanying dla.grammatic drawings.

Figure 1 illustrates one form of combination
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radiant and convection heat furnace with a floor
hearth such as provided by the present invention.

Figure 2 is a detailed view of a portion of the
floor of this furnace.

Pigure 3 illustrates a burner through which fuel
may be supplied with this type of hearth.

" Pigure 4 illustrates another form of combina-
tion radiant and convection furnace employing a
floor hearth similar to that illustrated in Figure 1.

Figure 5 illustrates still another form of com-
bination radiant and convection furnace employ-
ing a modified form of floor hearth embodled by
the present invention.

Figure 6 is a flow diagram illustrating one ap-
proved flow of fluid through the heating element
of the furnace illustrated in Figure 5.

Figure 7 is a top plan view and Figure 8 a side

- elevation partially in cross-section showing one

10

approved construction of the floor hearth pro-'

vided by the invention.

Referring now to Figure 1, 1 designates the
walls and roof of the furnace which may be con-
structed of suitable refractory material such as
firebrick, and 2 indicates generally the floor
hearth of the furnace. A branch header 4 may
extend beneath the hearth 2 in space 5 provided
between the hearth and the sub-floor 8 of the
furnace. Any suitable fuel such as gas or oil
may be introduced from header 6 intc a plu-
rality of branch headers 4 through valves 1, each
of the branch headers 4 in turn supplying the fuel
to a plurality of burners 3. In case pulverized
solid fuel is used, individual burner units, in-
stead of the multiple jet or header type of burner
illustrated, are preferably employed. Each of the
burners 3 discharge fuel into the combustion zone
§ of the furnace through separate sections or com-
partments 10 of the hearth 2. The burners 8 and
firing compartments {0 may be inclined at any
desired angle and, in the case illustrated, point
toward the rear wall of the furnace.

The fluild to be heated may be supplied to
tubes or other conduits {1 and in this case a
double row of tubes along the roof of the furnace
comprises a radiant heat bank {2 deriving the
major portion of its heat by radiation from the
flame and from the refractory walls and floor
of the furnace. Series or parallel flow through
the tubes may be employed and they may be
connected outside the combustion zone by any
suitable form of header or return bends not il-
lustrated. A zone |5 may be provided separate
from the combustion zone 8 of the furnace in
which a convection bank 13 of tubes I may be
positioned. A checker wall 16 may be provided
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to separate combusiion zone 9 from chamber (5,
the principal purpose of which is i wpreveni

fame impingement against the tubes of the con-
vection Rank. Tube bank {3 mey derive & major
pordion of its heat by convection from the fur-
nace {
through zone i to fiue {4, The tubes in convee-
tion bank 13 may likewise be connected ecither
in series ov in paralle] by any suitabie form of
sader or return Bends. Any desired flow may
¢ employed through the rediant and convection
anks of the furnace, depending usvon the de-
¢C heating curve.

The nieat input in any secticn of the {uid con-
uis and particularly in any portion of radiant
anlz {€ can be controlled Ly regulating the fuel
suoply fc corresponding portions of the fioor
i This control may be effected in various
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hearth 2.
ways and for practical purposes burner tips
and/or corifice plates, in the branch lines supply-
ing fuel to the burners, may be utilized for this
purpose. This means of conirol wiil be more fully
described later, in connection with PFig. 3,

ig. 2 is & slightly enlarged isometric view of a
portion of the floor hearth 2. It will ke under-
stood thet this figure illustrates only one of the
many types of construction which may be em-
ployed. In this case the hearth consists of ad-
jacent sections {7 running lengthwise elong the
floor of the furnace. Retween the side walls 8
of each section are inclined plates 19 between
which the firing ports 18 are formed. The burn-
ers 3 supply combustible material through firing
ports {8 to the combustion zone & of the furnace
as previously described. The adjoining side walls
¢ of each section may coincide or, if desired, a
space 20 may be provided between adjacent side
walls through which auxiliary air may be ad-
mitted from space § into the combustion mone 9.
The sections [7 of the hearth may be constructed
of any suitable refractory imnaterial such as, for
example, silicon carbide, molded or fused alumi-
num oxide, molded or fused silica or high tem-
perature alloys. In the type of construction il-
lustrated in Fig. 2 it will be noted that both
sides of . the top tiles §9 may be heated, thus im-
parting - a higher average temperature to the
floor hearth than that obtainable with s closed
hearth. By firing both sides of the tiles {9,
stresses due to difference in temperature in dii-
ferent portions of the tile are substantially
avoided. - _

Figure 3 illustrates, in cross-section, a combi-
bination burner which may be employed. Fuel
may be supplied from the branch header 4 into
the burner-tube 23 and the quantity of fuel sup-
plied through each burner tube may be regulated
either by the orifice plate 22 or by the tip 21, ¥f
desired, either or both the tip 2¢ and an orifice
plate 22 may be employed, the choice between
the orifice plate and the {ip depending mainly
upon the jet velocity desired. In general g rela-
tively small orifice plate with g large tip or no tip
at the end of the burner will give low velocities
while & relatively small tip with or without an
orifice plate will give relatively high velocities.

Figure 4 illustrates another type of furnace to
which the principles of the invention may be ap-
plied. As in Figure 1 the furnace walls are indi-
cated at [, the hearth at 2, 3 being the burners, 4
the branch headers, 5 the burner compartment
between the hearth 2 and the sub-floor 8 of the
furnace, € is the main fuel header, 7 are valves
controlling the supply of fuel to the branch head-
ers &, 9 is the combustion zone, 18 are the firing

gases, passing from combustion zZone & -
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compartments of the hearth 2, 11 are ithe tubes
or fuid conduits, {2 is the radiant tube bank, {§
the conveciion tube hank, 14 is the fue leading
0 e stack, not shown, and 15 is the convection
70118,

This type of furnace difers mainly from that
llustrated in Figure 1 in the fow of combustion
gases through the furnacs. With the furnace
Mustrated in Figure 1, the flow of combustion
gases is substantially horizontal through the fur-
nace to the fiue {{ while in the typz of furnace
flusirated in Figure 4 the furnace gases rise
through the lower portion of the combustion zone
J in = substentially vertical direction, passing
thence over the bridgewall 18 and downward
through the convection zone 15 to fue {4,

in this furnace a row 24 of tubes connecting
radient bank {2 and convection bank I3 may
receive partially radiant and partially convection
heat. As in Fig. 1 any desired flow may he em-
nloyed through the heating elements in Mg, 4,
depending upon the desired heating curve and,
alsc as in #Fig. 1, the heat input to any section
of the fluid conduit can be controlled by regu-
lating the fuel supply to a corresponding section
of the hearth,

Fig. 5 illustrates another type of furnace em-
ploying a slightly modified form of open floor

. hearth. The refractory walls and roof of the

furnace are indicated at {. 16 is a wall separating
combustion zone 8 and convection zone {5 of
the furnace. {4 is 2 flue leading to a stack (not
shown). 8 is the sub-floor and 5 are spaces pro-
vided between the floor hearth 2 and sub-floor
8. 4 are branch headers leading to burners 3.
The heating element comprising tubes 11, as here
llustrated, is divided into a radiant roof section
12, a convection section {8 and additional radiant
sections 25 and 26 lccated along the walls of the
combustion zone 8. In this furnace the burners
and firing compartments of the hearth comprise
two main sections each inclined toward the cen-
tral portion of the combustion zone. This type
of construction is employed to prevent flame
impingement against the tubes in sections 25
and 26.

As in Fig. 1 the flow of furnace gases may be
substantially upward through the lower portion
of combustion zone 8, thence over the bridge-
wall 18 and downward through the convection
zone i% fo flue t4. With the type of hearth
here illustrated, the flow of furnace gases may,
however, be controlled or modified by regulation
of the firing in the two sections of the foor
hearth. For example, by firing harder in the
rear section than in the forward section of the
hearth the flow of gases may be forward and
upward, in the lower portion of the combustion
zone, thence substantially, toward the rear of the
furnace in the upper portion of the combustion
zone, adjacent the roof bank {2, and thence
downward around convection bank 13. _This in
effect controls the heat input to the various por-
tions of the radiant bank, which feature is par-
ticularly advantageous in furnaces where paral-
lel flow of fluid through divided portions of the
fluid conduit is employed.

As in the furnaces illustrated in Figures 1
and 4 the flow of fluid through the heating
elements of the furnace will depend upon the de-
sired heating curve, however, this type of fur-
nace structure is particularly. adapted to heat-
ing fwo streams of fluid which may be passed
through the furnace in substantially paraliel
fow as illustrated in Figure 6.
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Referring to Figure 6, two streams A and B
may be supplied to separate parallel sections 21
and 28 of the convection bank 13. Stream
A may be transferred from section 27 through

5 line 294 to section 26 of the heating element while
stream B may be transferred from section 28
through line 380 to section 25 of the heating ele-
ment, Stream A may thence pass through line
3f to the lower row of radiant roof tubes of
10 section 12 of the heating element, passing through
half the tubes in this row, thence transferring
to the upper row of tubes in this section and out

of the furnace through line 32, Stream B

may pass through line 33 to the lower row of
15 radiant roof tubes of section {2 of the heating
element passing through the remaining tubes in
this row, thence transferring to the upper row
of radiant roof tubes and out of the furnace
through line 34.

" The flow illustrated in Figure 6 is particularly
advantageous when it is desired to divide a
stream of oil into two substantially equal portions,
heating each portion under substantially the same
conditions to substantially the same final tem-
25 perature. This flow not only insures substan-
tially the same final temperature for each of the
two equal portions of the oil but also insures sub-
stantially the same heating conditions and oil
temperature in each corresponding section of the
30 heating element.

It will be understood that the furnace illus-
trated in Figure 5 is not limited to the type of
flow illustrated in Figure 6 as modified flows may
be employed to accomplish different results.

Figures 7 and 8 illustrate a form of open hearth
floor embraced by the principles of the present
invention which is somewhat different than the
form illustrated in Pigure 2. Figure 7 is a plan

" view of a portion of the hearth and Figure 8 is a
40 sectional elevation taken along line 8—8 in Fig-
ure 7. This type of construction may réplace that
illustrated in Figure 2. 'The floor hearth is, in
this case, composed of g plurality of tiles 35 which
may be constructed of any suitable refractory
material of high conductivity such as silicon car-
bide, moulded or fused aluminum oxide, moulded
or fused silica or high temperature alloys or, if
desired, low conductivity refractory materials
may be used. The tiles may be supported upon
suitable members such as steel angles or T-bars
indicated at 36. 10 indicates the firing ports
through which the burners supply combustible
material to the combustion zone of the furnace
and, as here illustrated, each tile contains one
such firing port which may be inclined at any
desired angle. REach tile is recessed on all four
sides with grooves 31 and 38 which form passages
39 and 40 through which air may be admitted
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through the space below the tile into the com-
bustion zone. These air passages not only serve
the purpose of admitting air to the combustion
chamber but serve, at the same time, as a means

" of cooling the tile.

It will be understood that the drawings illus-
trate only a few of the many possible applications
of the principles embodied by the present inven-
tion and are given only for the purpose of illus-
trating some of the types of furnaces to which
the principles of the invention are readily adapted
and some of the forms which the open floor hearth
structure may assume,

I claim as my.invention:

1. A furnace for heating hydrocarbon fluids
which comprises in combination, a heating cham-
ber, a plurality of fluid passageways in said heat~
ing chamber, a convection heat zone, a plurality
of fluid passageways in said convection heat zone,
a floor for said heating chamber comprising a
plurality of conduits obliquely disposed with re-
spect to the floor and constructed of refractory
material, means for introducing flames into said
heating chamber through said conduits, heating
said first mentioned ‘fluid passageways substan-
tially solely by the radiant heat emanating from
the flame, and means for passing said hot gases
of combustion through said convection zone and
in contact with said fluid passageways therein.

2. A heating apparatus comprising a furnace
chamber, heating tubes in said chamber, refrac-
tory plates inclined with respect to the horizontal
and spaced one behind the other and forming a
floor hearth for said chamber, and burners par-
allel to said plates disposed in the spaces between
the plates. -

3. In a furnace, the combination of a floor
hearth comprising refractory plates inclined with
respect to the horizontal and spaced one behind
the other, and burners parallel to said plates dis-
posed in the spaces between the plates.

4. A heating apparatus comprising a furnace
chamber, heating tubes in said chamber, refrac-~
tory plates inclined with respect to the horizontal
and spaced one behind the other and forming
a floor hearth for said chamber, means for sup-
plying air to the spaces between said plates, and
burners parallel to the plates disposed in said
spaces.

5. In a furnace, the combination of a floor
hearth comprising refractory plates inclined with
respect to the horizontal and spaced one behind
the other, burners parallel to said plates disposed
in the spaces between the plates, and means for
introducing air to the furnace through said floor
hearth,

LEV A. MEKLER.
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