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"his irvention relates to: an improved method
of heating and particularly to an improved meth-
od of controiling the temperature applied to the
heating of pipe still furnaces used for the distil-
lation or cracking of petroleum oils.

In pipe still furnaces having hanks of tubes in
several compartments communicating above or
below a bridge wall the usual practice is to cir-
culate hot products of combustion from an adja-
cent firs box, or a fire box below one-bank -of
tubes, upward through the first bank of tubes
and downward through the next bank and so on.
Tn stiils of this type considerakle difficulty is ex-
perienced in preventing the lower tubes of the

« firgt bank from becoming overheated and burn-

ing out, whereas no difficulty is experienced in
succeeding banks.

Tf, in furnaces of the kind referred to, the fire
box temperature is reduced in order to prevent
the burning out of the lower tubes of the first
bank then the heating gases passing to succeed~
ing banks wiil have a temperature too low to give
good rasults. :

The principal okject of the present invention is
to overcome the above mentioned difficulties and
at the same time provide a method of operating a
pipe still with great flexibility in order to control
the temperature in any bank of tubes.

Tssentially the pipe still setting comprises a
series of connecting compartments, in each of
which is mounted a bank of tubes, through which
the oil to be heated is passed in series.

The heating of the tubes is controlled by the
extont to which the fuel is burned before or dur-
ing passage of heating gases thru the tube bank:
The fame temperature in the fire box may be
contrelled either by producing an over-ventilated
or an under-ventilated combustion therein so that
the heating gases entering the first compartment
of the series are at a temperature insufiiciently
high to overheat the tubes but are maintained at
the desired temperature for giving the oil its de-
sired final temperature hefore leavingthe furnace.
Before the partially spent heating gases pass from
the first compartment to the second compart-
m-nt and so on they are brought up to the tem-
perature desired to be maintained therein. This
may be accomplished in case of overventilation;
either by admitting additional fuel to be burned
by the excess air in the heating gases from the
first compartment, or by mingling with the par-
tially spent gases from the first, or a previous
compartment, fresh heating gases by-passed from:
the fire box or from a burner or DUrNErs, mounted
between the compartments. The temperature of

the gases leaving the fire box and entering the
first bank of tubes is controlled by regulating the
amount of air supplied thereto, while the tem-
perature of the healing gases entering any suc-
ceeding bank of tubes is controlled by the amount
of fuel or heating gases from the fire box or
burners, mixed with the partially spent heating
gases leaving a previous bank of tubes.

When underventilation is used in the fire box

to control the heat applied to the first bank of
tubes a constant supply of fuel such as coke,
coke oven gas, producer gas or water gas with a
regulated quantity of air, less than that requirad
to burn the fuel, is supplied to give the desired
temperature in the first bank of tubes. In order
to control the temperature in succeeding banks
and to give a sufficiently high temperature therein,
a regulated supply of air is mixed with the heating
gases leaving the first bank to burn excess fuel
therein. - .
. The above and other objects of the invention
and features of novelty, will appear from the fol-
lowing detailed description taken in connection
with the accompanying drawings, forming a part
of this specification.

Referring to the drawings: -

Fig. 1 is a vertical sectional view of the pipe
still furnace embodying one form of the present
invention.

Fig. 2 is a horizontal sectional view of the fur-
nace shown in Fig. 1, taken above the bridge
wall; one bank of heating tubes being partly
broken away to show the recuperator tubes below.

Wig. 3 is a vertical sectional view of a slightly
modified form of the furnace shown in Figures
1 and 2. Coe

In the construction shown in Figs. 1 and 2 the
furnace 2 comprises & series of compartments 4
and 8, connected by a passage 8 over the bridge
wall 10. For simplicity only two compartments
are shown but the invention includes the use of
any number of compartments. The oil to be
cracked or distilled enters the last compartment
8 by a pipe 12 and passes through & bank of tubes
14 therein from which it passes to a second bank
of tubes 16 in the compartment 4, finally leaving
the furnace in a highly heated condition by the
pipe '18.© The banks of tubes preferably com-
prise a plurality of long pipes connected in series
with return bends as are commonly used in prac-
tice, and mounted in supporting tube sheets 15
as shown in the drawings.

As shown in Figure 1 the banks of tubes in the
compartments 4 and 6 are heated by products
of combustion from the grate fire box 20 which
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may be supplied with a regulated amount of solid
fuel in any convenient manuer, doors 22 being
shown for that purpose. Air for combustion in
the fire box 20 may be supplied below the grate
either by forced draft or by the induced draft of
& chimney or fan. The products of combustion
used for heating the first bank of tubes leave the
fire box 20 through the ports 24 in distributor wall
26 and pass upward through the bank of tubes
16 where they impart their heat to the 6il flow-
ing through these tubes and are consequently
cooled thereby. The partially spent - heating
gases leaving the bank of tubes 18 pass over the
bridge wall 10 by passage 8 and then downwaid
through tube bank 14 and into ¥éctiperator tibes
28, finally leaving the furnace th¥ough the ports
20 and passage 32 which lead to a stack or
blower (not shown). - - -

The recuperator referred to is preferably built

in the structure of the furnace and as shown is
located below the final tube bank where it re=
ceives the partially spent heating gases there-
from. It comprises a plurality of  vertically
placed tubes 28, which may be either tile or metal,
mounted in a casing 34, which is set in the fur-
nace. Air to be used for combustion in the fur-
nace is supplied to the lower end of this casing
34 through openings 36, controlled by valves 38,
and passes upward through the casing around the
tubes 28 and hafiles 40, being heated by the heat-
ing gases leaving the furnace through the tubes
28. The air thus preheated leaves the upper por-
tion of the casing 34 by conduits 42 and is distrib-
uted by conduits 44, and branches 46, below the
grate to support combustion in the fire box 20.
The conduils 44 extend up through the bridge
wall 10 so that air may be supplied either above
the fuel bed by the branches 48, or above the
distributor wall 26 by branches 50 or above the

¢ bridge wall 10 into the passage 8 from the upper

ends of the conduits 44. The various branches
supplying air to the furnace are controlled by tile
dampers 52 which may be adjusted by a hooked
rod as-is common in the art,

In addition to the air conduits 44 in the bridge
wall 10 are flues 54, which may be used to by-
pass some of the heating gases from the fire box
20 around the first bank of tubes. These flues
have control dampers 56 by which the amount of
heating gases by-passed can be regulated to se-
cure the desived temperature for the gases pass-
ing through tube bank 14.

In the consiruction shown in Fig. 3 the same
elements as shown in Figs. 1 and 2 are designated
by the same reference-characters. The furnace
shown in this figure is substantially the same as
that shown in Figs. 1 and 2 with the exception
that means are provided for using Liquid or
gaseous fuels instead of solid fuels for heating

;. the furnace. The means for supplying liquid or
gazeous fuel to fire box 20 comprises valved sup-

ply pipes 58 supplying burners 60, distributed
along the furnaces, which discharge their fuel
and air for combustion directly into the fire box
20 where the combustion is completed. Preheat-
ed air is supplied for the burners 60 by conduits
62 which connect with conduits 42 from the re-
cuperator. The hot gases from the fire box 20
pass upward through the bank of tubes 16 then
across the bridge wall 10 by the passage 8 and
down threugh the bank 14 as previously de-
scribed in connection with Figures 1 arnd 2. In
the upper part of the bridge wall 10 and below
the passage 8 are mounted valved fuel supply
pipes 64 and 66 which discharge respectively

1,076,029

above the tube banks 16 and 14 through opern-
ings 68 and 70. Air may be supplied io either or
both of these openings from the conduits 42 by
the conduits 72 located in the bridge wall 10.
By properly setting the valve 71 the air may be
regulated as desired. The valves 33 are used to
control the total air supplied to the furnace,
while the amount siipplied to the conduits 62 and
72 is regulated by valves 74 placed at the juncture
of these conduits with the conduits 42.

The operation of the furnace shown in Figures
I and 2 is as follows: Combustion having been
started in the fire box, preheated air is intro-
duced through conduits 45 in a sufficient excess
to give a tefiperature in the heating gases pass-
ing arounid the tubes in the bank 16 the desired
heating eifect but insufficiently high to overheat
and burn out the lower tubes of this bank. If
this result is obtained it is evident that the heat-
ing gases leaving the first bank of tubes are not
hot enough to do any appreciable heating in the
second bank, therefore their temperature is
taised by mixing therewith fresh heating gases
from the fire box, via the flues 54, in & quantity
sufficient to obtain the desired heating gas tem-
perature for the second bank of tubes, which is
usually somewhat lower than that used for the
first bank (that is, the bank last to be traversed
by the oil).

The excess air used in heating the first bank of
tubes need not all be introduced below the grate
but some or all the excess air may be admitted
through the ports 48 or 59. In case all the excess
air is introduced through the port 50 only 3 small

amount of furnace gasss will need to be by-passed 1

through the flues 54 because they will be at a
much higher temperature than in the case where
the overventilation was produced by the ports
46 or 48. Provision is made, however, for the

direet control of the temperature of the gases 7

leaving the flues 54 by using air conduits 44.

The distributor wall 26 is provided with tile
valves for the openings 24 in order to properly
distribute the heating gases throughout the
length of the furnace. After the furnace has
been once adjusted for the use of any particular
fuel on the grate 20 little need wili be found for
disturbing the valves controlling the various con-
duits.

_The furnace shown in Fig, 3 is operated in a
similar manner to that shown in Figs. 1 and 2.
An overventilated combustion is obtained in fire
box 20 by the burners 69 so that the proper tem-
perature is maintained for heating the tube bank
16 without burning out the lower tubes.
tional fuel is added through the pipe 64 or 68 or
both, which fuel is burned by the excess air in
the gases leaving the tube bank 16, thus giving
heating gases of the desired temperature for
heating the second tube bank. If a constant
amount of air is admitted through valves 38 and
conduits 62 the temperature for each bank of
tubes is controlled by regulating the amount of
fuel fed through pipes 58, 64 and 66. It may be

desirable in certain cases to admit part of the air 4

through one or both of the ports 68 or 70 in which
case the conduits 72 are used by proper manipu-
lation of the valve 74,

In either construction shown the furnace may
be operated so that the combustion in the fire
box 20 may be underventilated in order to have
a combustible gas above the tube banks and
which may be burned by supplying secondary air
at the top of the bridge wall 19, whereby the de-
sired - Increase in temperature of the heating
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gases is obtained for the secand or next succeed-~
ing tube bank. The temperature of the first tube
bank is controlled in this instance by introducing
Jjust sufficient air to the fire box to give the de~
sired temperature. If this mode of operation is
adopted in the construction shown in Figures 1
and 2 and coke is the fuel used, the efficiency oz
the furnace will be greatly increased by distrin-
uting a small amount of steam below the grate
bars, for example, by means of steam pipes 21.
This reduces the temperature of the fire box and
produces a large volume of combustible gas, a
portion of which may be burned, by air admitted
through ports 48 or 50 and the remainder by air
admitted by ports 44 at the top of the furnace to
give the desired increase in temperature of the
gases entering the second bank of tubes.

If underventilation is used in the fire box of
the construction shown in Fig. 1 the products en-
tering the tube-bank 16 may be actually over-
ventilated by admitting excess air through port
56. If this is done the desired rise in tempera-
ture at the top of the furnace may be obfained by
taking the proper amount of gases from the fire
box through the flues 54 to use up the excess air.

From the description given above it will be
evident that by the use of my novel furnace and
method of heating, I am able to increase the life
of the heating tubes and at the same time obtain
any desired temperature for the cracking or dis-
tillation of oils. Furthermore, by preventing the
tubes from bheing burned out I decrease the
chances of explosions due to the rupture of any
of the tubes in the furnace.

As previously explained, the invention may be
applied to any number of heating compartments
or zones since in using certain sized tubes, a defi-
nite rate of flow of oil and a certain temperature
difference between the heating gases and oil
being heated, it may be necessary to increase the
amount of tubing. In this case it would be ad-
visable to use additional compartments for the
tubes.

Instead of making the furnace into compart—

3 ments each containing a bank of tubes, I may

have a continuous bank of tubes and increase the
temperature of the heating gases at various
points along the bank by admitting high temper-
ature gases or adding fuel the same as When
using compartments.

In operating the furnace above described, a

suitable number of pyrometers may be placed
at advantageous positions in the furnace or heat-
ing tubes to aid in the proper regulation of the
temperature.
While T have described my furnace in connec-
tion with oil heating, it is obvious that the fur-
nace may be used for heating other substances
or used in domestic or commercial heating plants
to heat a circulating heat transfer medium.

Having thus described my invention, what I
claim is:

1. A method of heating hydrocarbon oil passing
through a series of still tubes which comprises
heating the oil passing through a portion of said
tubes by an overventilated combustion of fuel
and heating the oil passing through the remaining
tubes by burning additional fuel with only the
excess oxygen supplied in the first heating.

2. A method of heating hydrocarbon oil pass-
ing through a series of still tubes which com-
prises, heating the oil passing through a portion
of said tubes by burning a regulated quan-
tity of fuel with a large excess of air and heating
the oil passing through the remaining tubes by

3

burning additional fuel with only the air in.the
products from the first heating.

3. A method of heating hydrocarbon oil pass-
ing through a plurality of banks of still tubes
comprising ‘burning fuel with an excess of air
and passing the resulting products over the tubes
of one bank to heat the oil passing therethrough,
mixing additional fuel with said products after
leaving said bank whereby said fuel is burned
only by the excess air and passing the resulting
mixture over the tubes in a succeeding bank
thereby to heat the oil passing through said last
nagmed bank.

4. The method defined in claim 3 in which the
waste heat from the heating gases leaving the
last bank is used to preheat said air.

5. In the method of heating hydrocarbon oil
passing through a still by contacting said still
with hot products of combustion from a fire box,
the improvement which comprises supplying ex-
cess air to said fire box, contacting the resulting
products of combustion with a portion of said
still to thereby heat the oil passing there-
through and thereafter supplying additional fuel
to be burned only by the excess air and using the
resulting mixture to heat the oil passing through
the remainder of said still.

6. In the method of heating hydrocarbon oil

passing through a series of banks of tubes
mounted in a furnace chamber by bassing hot
products of combustion from a fire box through
the banks in succession, the improvement which
comprises heating the oil passing through the
first bank by regulating the excess of air sup-
plied and controlling the temperature in a suc-
ceeding bank through which the oil passes by in-
troducing a regulated quantity of fue! only, to
the heating gases before passing through the
last named bank.
. 7. The method of controlling the temperature
applied to a series of banks of heating tubes in
a furnace in which heating gases from a fire
box are passed through said banks in succession
to heat hydrocarbon oil passing therethrough,
which comprises, overventilating the combustion
in the fire box to produce the desired tempera-
ture for the first bank through which the oil is
passed and increasing the temperature of the
heating gases leaving said bank by introducing
only fuel thereto to produce the desired tempera-
ture in the next succeeding bank to thereby sup-
ply the desired heat to the oil.

8. The method of controlling the heat applied
to hydrocarbon oil passing through individusl
tube banks of a plurality of banks of heating
tubes by products of combustion passed from a
combustion chamber in heat exchange relation
with said banks in series, which comprises mixing
a controlled amount of excess air with the hot

products of combustion passing from the com- i3

bustion chamber to the first bank of tubes to
control the temperature of the oil passing there-
through, and mixing a regulated quantity of fuel
with the products of combustion from the first
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bank of tubes to be burned only by the air previ- 143

ously admixed therewith, and thereby increase
the temperature of said products of combustion to
the extent desired for heating the oil passmg
through a succeeding bank of tubes.

9. The method of heating treatment of hydro-
carbon oils in which the oil is heated in two suc-
cessive stages and wherein at least one stage con-
sists in heating the oil in g single confined stream
of restricted cross-section, which comprises burn-
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tain the temperature of the products of combus-
tion materially below the normal combustion tem-
perature, passing the products of combustion and
excess air over heating elements in one of said
stages, passing the products of combustion and
excess air to the other stage, burning additional
fuel with said excess air and thereafter passing
all the products of combustion over heating ele-
ments in said other stage.

10, The method of cracking hydrocarbon oils
to produce lower boiling hydrocarbon eils, char-
acterized hy subjecting the oil to heat treatment
under pressure in two successive stages, com-
prising passing the oil through the first stage in
countercurrent relation to hot gases evolved from
the combustion of fuel for the first stage, passing
the oil into the second stage, independently sup-
plying additional heat by combustion of other
fuel to said second stage, withdrawing combus-
tion gases from said second stage of treatment,
and admixing at least a portion of them with air
for independently supporting the combustion of
fuel for said first stage of treatment.

11. In the method of heating hydrocarben oils

. in which the oil is heated in heating elements in

successive stages, in at least one stage of which
the ocil is heated in a confined stream of restrict-
ed cross-section, the improvement which com-
prises passing hot products of combustion evolved

;. from the combustion of fuel over the heating ele~

nts in one stage, withdrawing waste products
ci compustion from said stage and using the same:
with added air as ah independent combustion sup-
vorting medium to burn additional fuel, and pass-

_ing the products of combustion resulting there-

ifrom over heating elements in another heating
stage.. )

12. In the art of heating hydrocarbon oil
wherein the oil is passed in a stream once through
an elongated heated passagewsay heated by hot
products of combustion and the stream is there-
after discharged from said passagewsy, the steps
which comprise passing hot products of combus~
tion formed by supplying a ccntrolled excess of
one of the materials used to produce them in heat
exchange relation with the stream of oil passing
through a portion of said passagewsay, increasing
the temperature of said products of combustion.
aiter heating the said portion of said passageway
by adding thereto a controlled amocunt of the:
other of said materials on'y and passing the re~
sulting hot products of combustion at the in-
creased tempersture in heat exchange relation
with the stream of cil passing through another
portion of said passageway.

13. In the art of heating hydrocarbon oil
wherein the oil is passed in a stream once through
an elongated heated passageway heated by hot
products of combustion and the stream is there-
after discharzged from said passageway, the steps
which comprise passing hot products of combus-
tion formed by burning fuel and an excess of air
in heat exchange relation with the stream of ocil
passing through a portion of said passageway, in~
creacing the temperature of the products of com~
bustion after heating said portion of said passage—
way by burning additional fuel with the excess:
air end passing the resulting hot products of comm-
bhustion at the increased temperature in heat ex-
change relation with the stream of oil passing
through another portion of said passageway.

14, The method of heat treating hydrocarbon
oils passing through a plurality of banks of still
tubes which comprises burning fuel with air and
conducting the products of combustion resulting.

1,976,029

therefrom in heat exchange relationship with the
oil passing through a portion of said still tubes,
supplying a controlled excess of one of the ma-
terials used to produce said products of combus-
tion to thereby reduce and control the tempera-
ture of the products of combustion in heat ex-
change relationship with the oil passing through
said portion of the still tubes, and admnixing a
controlled amount of the other of said materials
with the products of combustion after they have
passed in heat exchange relationship with the
oil passing through the said portion of the still
tubes to thereby effect additional combustion to
increase the temperature of the products of com-
bustion and thereafter passing the products of
combustion at the incrsased temperature in con-
tact with another portion of the still tubes to sup-
ply heat to the oil passing therethrough.

15. The method of heat treating hydrocarbon
oils passing through a plurality of banks of still
tubes which comprises burning fuel with air and
conducting the products of combustion resulting
therefrom in heat exchange relationship with the
oil passing through a portion of said still tubes,
supplying a controlled excess of one of the mate-
rials used to produce said products of combustion
10 thereby reduce and control the temperature of
the products of combustion in heat exchange re~
iationship with the oil passing through said por-
tion of the still tubes, and admixing a controlled
amount of the other of said materials with the
products of combustion after they have passed in
heat exchange relationship with the oil passing
through the said portion of the still tubes to there-
by effect additional combustion to increass the
temperature of the products of combustion and
thereafter passing the products of combustion at
the increased temperature in heat exchange re-
lation with another portion of the still tubes to
supply heat to the cil passing therethrough.

16. The method of heating hydrocarbon oil
passing through a heat exchanging unit in which
at least one portion thereof consists of a tubular
heat absorbing section, which comprises initially
‘burning a fuel, adding sufficient excess air to the
products of combustion to reduce the tempera-
ture thereof below normal combustion tempera-
ture, conducting said air and combustion products
in heat exchange relation with the oil passing
through a portion of the heat exchanging unit,
utilizing the excess air mixed with said products of
combustion to support the combustion of addi-
tional fuel and thereafter passing the products of
combustion over another portion of the heat ex-

changing unit to heat the oil passing there- ;

through.

17. The method of heat treating hydrocarbon
oils In which the oil is heated in two stages and
wherein at least one stage consists in heating the
0il in a confined stream of restricted cross-section,
which comprises burning a fuel with a substan-
tial excess of air to maintain the temperature of
the products of combustion below normal com-
hustion temperatures, conducting the products of
combustion and excess air through one of said
stages in heat exchange relation with heating ele-
ments therein, passing the products oi combus-
tion and excess air to the other stage, burning
additional fuel with said excess air and thereafter

passing all the products of combustion over heat- 14

ing elements in said other stage.

18. The method of heat treating hydrocarbon
oils in which the oil is heated in two stages and
wherein at least one stage consists in heating the

oil in a confined stream of restricted cross-section, o
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which comprises burning a fuel with a substan-
tial excess of air t¢ maintain the temperature of
the products of combustion below normal combus-
tion temperatures, conducting the products of
combustion and excess air through one of said
gtages in heat exchange relation with heating ele-
ments therein, passing the products of combus-
tion and excess air to the other stage, burning ad-
ditional fuel with said excess air and thereafter
passing all the products of combustion in heat
exchange relation with heating elements in said
other stage.

19. The method of cracking hydrocarbon oils
to produce lower boiling hydrocarbon oils, char-
acterized by subjecting the oil fo heat treatment
under pressure in two successive stages, compris-
ing passing the oil through the first stage in coun-
tercurrent relation to hot gases evolved from the
sombustion of fuel, passing the oil into the sec-
ond stage, independently supplying additional
heat by combustion to said second sfage, with-
drawing combustion gases from said second stage
of treatment and admixing at least a portion of
them before entering into said first stage with air
for supporting combustion in said first stage of
treatment.

20. A method of heating hydrocarbon fiuid pass-
ing through heat absorbing elements which com-
prises burning fuel with air to form hot products
of combustion, supplying a controlled excess of
one of the materials used to produce said products
of combustion to thereby reduce and control the
temperature of the products of combustion, pass-
ing a portion of the thus formed products of
combustion in heat exchange relation with hydro-
carbon fluid passing through a portion of the heat
absorbing elements, by-passing another portion
of the products of combustion around the first of
said elements prior to coming in heat exchange
velation therewith, combining the portions of
combustion products, after the first mentioned
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portion has passed in heat exchange relation with
the oil passing through the first mentioned por-
tion of heat absorbing elements, admixing a con-
trolled amount of the other of said materials
with the products of combustion to thereby effect
additional combustion to increase the tempera-
ture thereof and passing the products of combus-
tion at an increased temperature in heat exchange
relation with the hydrocarbon fluid passing
through the remainder of the heat absorbing ele-
ments.

21. In the heating of hydrocarbon fluids in a
heating apparatus having a heating chamber di-
vided into sections by a bridge wall with heat ab-
sorbing elements in each section, the method of
heating hydrocarbon fluid passing through said
heat absorbing elements which comprises burn-
ing fuel with air to form hot products of combus~
tion, supplying a controlled excess of one of the
materials used to produce said products of com-~
pbustion to thereby reduce and control the tem-
perature of the products of combustion, passing
a portion of the thus formed products of combus-
tion in heat exchange relation with hydrocarbon
fluid passing through the heat absorbing elements
in one of said sections and by-passing another
portion thereof prior to coming in heat exchange
relation therewith, combining the portions of
combustion products after the first mentioned
portion has passed in heat exchange relation with
the hydrocarbon fluid passing through the heat
absorbing elements in one of said sections, ad-
mixing & controlled amount of the other of said
materials with the products of combustion to in-

crease the temperature thereof and passing the 3

products of combustion at an increased tempera-
ture in heat exchange relation with the hydrocar-
bon fluid passing through the heat absorbing ele-
ments in the other of said sections.
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