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This invention relates to improvements in
the crackings of heavier and higher beiling
livdrocarbon oils, such as gas oil, for the
production therefrom of lighter and lower

& boiling hydrocarbon- oils, such as gasoline
and gasoline-containing cracked distillates.
The invention provides an improved pres-
sure still or pressure still system for crack-
ing  hydrocarbon oils and an improved

10 heater for heating oil to a eracking tempera-
.ture, both of which have several important
advantages. _ )

In the improved heater of the invention
a battery of tubes through which the oil is

15 circulated is arranged in a furnace heating
flue through which the heating gases for
supplying heat to the oil are passed. This
battery of tubes is made up of a succession
of banks of vertically arranged tubes, the

20 successive banks of tubes being connected in
series by circulating connections connecting
the upper end of the first bank with the
lower end of the sccond bank, the upper end
of the second bank with the Iower end of

25 the third bank, aud so on through the series.
These cireulating connections are arranged
-externally of the heating flue in which the
heating tubes arve avranged, although pro-
vision may be wade to reduce or prevent

30 heat loss from the cireulating connections.
In operation, oil is supplicd to the lower end
of the first bank of heating tnbes, circulated
upwardly therethrough and heated therein
by heat exchange with the heating gases,

5 then circulated downwardly from the upper
end of the first bank to the lower end of the
second bank of heating tubes, circulated up-
wardly through the second bank and further
heated therein, and so on, being discharged

40 {rom the upper end of the last bank of heat-

[
i

ing tubes in the heater at a cracking.

temperature. - _

The improved pressure still or pressure
still system of the invention comprises a
bulk supply drum and an oil heater of the
‘type just described with appropriate cireu-
lating connections including a suitable forc-
ing means for circulating o1l from the.bulk
supply drum through the several banks of
heating tubes in the heater in a succession

i
<

5
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1827, - Serial No. 197,035.

of passes and then back to the bulk supply
drum.  TIn one particularly advantageous
form of the invention, a bed of finely di-
vided solid material, such as fuller’s earth or
-ground coke, is arranged in the bulk supply
drum below the normal liquid level therein,
0 as to be submerged in the body of il in
the bulk supply drum during operation, and
between the circulating connections from
the Dattery of heating tubes to the bulk sup-

ply drum and the ‘circulating connections.

from the bulk supply drum to the battery of
heating tubes, “so” that oil recirculated
through the heating tubes is passed through
the bed of finely
The finely divided solid material may be of
a character exerting a selective absorbent
action with respect to more objectionable
constitnents of the circulating still charge,
in operation, or exerting a_desulphurizing
action, or it may exert simply a mechanical
filtering action. ™ In the combined apparatus
ot the 1nvention, particularly where it in-
cludes a bed of finely divided solid niaterial,
the forcing means used is advantageously of
positive displacement type adapted to main-
tain a high rate of circulation through the
heater. o

In the heater, the oil circulating there-
through is heated only while flowing up-
wardly through the vertically arranged
heating tubes. "There is thus but & minimun
opportunity for deposit in the heating tubes
of pitchy and carbonaceous solids and sem)-
solids formed in the cracking operation and
uniformity of heat absorption around the
entire circumference of the | cating tubes is
promoted. At the same time, the heater of
the present invention provides for prolonged
travel of the oil in the heating zone. The
oil travels' through the heating zone in a
succession of passes in each of which the
relation between the circulation of the ol
and the flow of the heating gases is the same.
In the heater of this invention, the circulat-
ing oil is thus passed. again and again

divided solid material.
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through the heating zone while the arrange- -

ment 1s such that the heating tubes are af-
forded a maximum of protection aguinst
overheating, general or local,
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The improved heater of the invention is
of special value and application in connec-
tion with operations in which hydrocarbon
oils are subjected to relatively severe crack-
ing conditions. Usually, an increasc
production of fixed gases, gases incondensi-
ble at ordinary temperatures and pressures,
and pitchy or carbonaceous solids or semii-
solids accompanies an increase in the sever-
ity of the cracking conditions to which an
oil is subjected, but in the heater of this -
vention any difficulties due to an increase
in the proportion of fixed gases or pitchy or
carbonaceous materials in the oil circulating
through the heater, even with prolonged oil
travel, are reduced to a mimimu. The
heater thus has specinl advantages in the
combined pressure still or pressure still sys-
tem of the invention, where unvaporized oil
discharged from the heater containing dis-
solved or suspended pitchy or earbonaceous
colids or semi-solids is recirculated through
the heater and where it is desirable to sub-
ject the oil to prolonged travel through the
heating zone or where it is desirable to sub-
ject the oil to more severe eracking condi-
tions.

Tn the production of motor fuel gasolines,
for example, it is frequently desirable to
subject the raw oil to be cracked to quite
severe cracking conditions, say to tempera-
tures in excess of 800° F. and under pres-
sures up to 300 pounds per square inch or
more, to secure products having relatively
high critical compression or, as it is some-
times expressed, having anti-knock proper-
ties. It will be apparent that the apparatus
of the present invention Iis particularly
adapted for this purpose.

The fire-box for supplying hot products
of combustion to the heating flue in which
the battery of heating tubes is arranged, in
the apparatus of the invention, is advan-
tageously arranged to contmunicate with the
upper end of the heating flue and the stack
flue for escaping waste heating gases to
communicate with the lower end of the heat-
ing flue, so that the heating gases pass gen-
erally downwardly through the heating flue.
Suitable baftles may be arranged in the heat-
ing fluc to promote or maintain distribution
of flow of the heating gases therethrough, as
by causing them to pass baclk and forth
across the flue as they travel downwardly
therethrough. In the apparatus of the pres-
ent invention, this arrangement provides for
the maintenance of generally countercurrent
relation between the heating gases passing

_through the heating flue and the oil circu-

lating through the heating tubes in each of
the successive banks of heating tubes. It is
also advantageous to supply the oil entering
the heater first to the bank of heating tubes
with which the fresh hot products of com-
bustion, or the fresh heating gases, first con-

in the
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tact. The several banks of heating tubes
are also advantageously each arranged gen-
erally transversely to.the flow of heating
gases through the heating flue. TFrurther to
promote the efficiency of heat transfer
through the heating tubes and to Hierease
the capacity of the apparatus, to permit
realization of high fuel efliciencies, to pre-
vent overheating, particulurly local over-
heating, of the heating tubes, and to pro-
mote uniformity of distribution of heat ab-
sorption throyghout the entire battery of
heating tubes,.it is advantageous to recireii-
late through the heating flue together with

fresh hot products of combustion, or fresh

heating gases of high temveraturec a por-
tion of the heating gases eseaping front the

‘heating flue in which the heating tubes are

arranged. Such recireulation of a portion
of the escaping heating gases has special ad-
vantages in the apparatus of the present in-
vention where the oil is circulated (hrough
the same heating zone in a succession of
passes, particularly with respect to the
maintenance of a high average temperature
differential between the circulating oil and
the heating gases in the heating furnace
while avoiding overheating of the oil n any
part of the battery of heating tubes.

The combined apparatus of the invention,
a bulk supply drum with circulating connec-
tions to and from an improved heater of
the invention and including a bed of finely
divided solid material arranged in the bulk
supply drum below the normal Tequid level
therein and between the circulating connee-
tions to and from the heater, has several
further special advantages. In this general
form of apparatus, it is advantageous to
maintain a relatively low rate of civculation
of the oil through the bed of solid material
and a relatively high rate of cireulation
through the heating tubes.  In the appara-
tus of this invention, a much higher ratio
between the average veloeity throygh the
heating tubes amd the average velocity
through the bed of finely divided solid ma-
terial can be maintained than, for example,
in apparatus in which an equivalent number
of heating tubes are connected all 1n par-
allel. TIncreased velocity of oil flow throngh
the heating tubes, in the apparatus of the
present invention, also further assists n
promoting the efliciency of heat t ansfer to
the circulating oil and in improving the ca-
pacity of the apparatus, as well as further
protecting the heating tubes against over-
heating, general or local. The bed of finely
divided solid material acts to remove more
objectionable constituents from the circulat-
ing still charge in the operation of the ap-
paratus, suspended pitchy or carbonaceous

‘materials by filtering action and dissolved

objectionable constituents by absorption or
reaction, so that unvaporized oil recivculat-
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ed through the heating tubes is kept rela-
tively more free from constituents which are
particularly active in formation of deposits
in the heating tubes by passage through the
bed of finely divided solid material. After
passage through the.bed of finely divided
solid material, accordingly, the recirculated
oil may be subjected to more severe cracking
conditions without danger of objectionable
deposition in the heating tubes than would
be appropriate if the circulating oil had a
higher content of pitchy or carbonaceous
solid or semi-solid materials or objectionable
constituents promoting deposition. In this
respect, the combined apparatus of the pres-
ent invention is particularly ad ‘antageous,

- for it provides for removal of such objec-
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tionable constituents from the circulating
charge before the oil is recirculated through
the heating tubes and for prolonged travel
of the oil through the heating tubes after
the removal of such constituents, and is also
particularly adapted to the maintenance of
relatively more severe cracking. conditions
in the apparatus. Here again, the increased
ratio between the average velocity through
the heating tubes and the average velocity
through the bed of finely divided solid ma-
terial which can be maintained in the ap-
paratus of the present invention assists in
improving both the effectiveness of the bed
of finely divided solid material and the op-
eration of the battery of heating tubes and
of the heating furnace.

The improved pressure still or pressure
still system of the invention, particularly
including the bed of finely divided material,
makes possible improvement both with re-
spect to efficiency and with respect to ca-
pacity, and also 1s particularly adapted for
the production of motor fuel products hav-
ing relatively high ecritical compression or
having anti-knock properties.

The invention will be further described
inconnection  with  the  accompanying
drawings which illustrate, diagrammati-
rally and  conventionally, apparatus em-
bodying the invention, but it will be under-
stood that this further description and illus-
tration is intended for exemplification and
that the invention is not limited thereto. In
the accompanying drawings; :

Fig. 1 represents, in elevation and partly
in section and with parts broken away, one
form of pressure still or pressure stiil sys-
tem embodying the invention,

Fig. 2 represents, in elevation and partly
in section and with parts broken away, an-
other form of pressure still or pressure still
system, including a bed of finely divided
solid material, embodying the invention,

Fig. 3 is an elevation, in more detail, of

- the battery of heating tubes and circulating

connections illustrated in the oil heater shown
in Figs. 1 and 2, the heating furnace con-

3

>
struction being indicated in outlined vertical

section, :
Tig. 4is a plan view, in more detail, of the

battery of heating tubes and circulating con-

nections illustrated in Figs. 1 and 2,

Fig. 5 is a transverse vertical  section .

through the hesting flue of the heating fur-
nace and the battery of heating tubes il-
lustrated in Figs. 1 'and 2, ;

Fig. 6 is a fragmentary detail of one of
the headers to which the heating tubes are
connected, :
~ Fig. 7 is a fragmentary section through
one of these headers showing a connected
heating tube,

Fig. 8isa horizontal section through one
form of circulating pump of special value
and application ini connection with the ap-
paratus of this invention, '

Fig..9 is a section on line 9—9 of Trig. 8,

Fig. 10 is a section on line 10—10 of
Fig. 8, -

Fig. 11 is a simplified diagrammatic
showing of the oil How through the im-
proved oil heater of the invention, and

Fig. 12 is a further simplified diagram-
matic showing of the relation between the

flow of oil and the flow of heating gases in

the improved oil heater of the inventjon.
The pressure still or pressure still system
llustrated in Fig. 1 comprises a bulk supply
drum 15, a battery of heating tubes made up
of a series of banks of heating tubes situ-
ated in the heating flue of the furnace 16,
and.circulating connections 17,18 and 1v in-
cluding a circulating pump 20 for cireulat-
ing oil from the bulk supply drum succes-
sively through the series of banks of heat-
ing tubes and back to the bulk supply drum,
The battery of heating tubes comprises
series of banks of vertically arranged heat-
ing tubes with connections for circulating oil
from the top of the first bank to the boitom
of the second bank, from the top of the see-
ond banle to the bottom of the third bank,
and so on. These connections, connecting
the upper ends of the banks of heating tubes,
except the last, with the lower ends of the
successive banks, are arranged externally
of the heating flue in which the battery of
heating tubes is arranged. The cireulating
connections 17 and 18 from the bulk supply
drum connect with the lower end of the first
bank of heating tubes in the series and the
circulating connections 19 to the bulk supply
drum connect with the upper end of the last
bank ot heating tubes in the series.
~ In operation, a charge of oil is main-
tained in the bulk supply drum 15, oil from
this charge is ecirctilated downwardly
through connections 17 and 18 to the lower

end of the first bank 21 of heating tubes,

upwardly through this: bank of heating
tubes and heated therein, downwardly
throngh the unheated connections to the
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lower end of the second bank 22 of heating
tubes, upwardly through this bank of heat-
ing tubes and heated therein, downwardly
through the unheated connections to the
lower end of the third bank 23 of heating
tubes, upwardly through this bank of heat-
ing tubes and heated therein, downwardly
through the munheated connections to the
lower end of the fourth bank 24 of heating
tubes, upwardly through this bank of heat-
ing tubes and heated therein, downwardly
through the nnheated connections to the
lower end of the fifth and last bank 25 of
heating tubes, upwardly through this bank of

Teating tubes and heated therein, and thenee

back to the bullk supply drum through con-
nections 19. The flow of oil through the
battery of oil heating tubes in the heating
{furnace is illustrated, perhaps more clearly,
in Fig. 11. Referring to Fig. 11, the succes-
sive banks 21, 22, 23, 24 and 25 of heating
tubes are arranged in the heating flue of the
furnace and the connections 26, 27, 28 and 29
connecting the successive banks of heating
tubes in the series are arranged externally
of this heating flue. Oil supplied through
connections 18 passes upwardly through
ench of the banks of heating tubes in the
series in succession, being heated while flow-
ing upwardly through the vertically ar-
anged heating tubes in the successive banks
but being unheated while flowing down-
wardly from the top of one bank to the bot-
tom of the next banl, so that the circulating

5 oil is heated only while flowing upwardly

through the vertically arranged. heating
tubes.. The oil is then discharged from tlfe
top of the last bank of Lieating tubes in the
series through connections 19.

One particularly advantageons form of
il heater embodying the invention, that il-
lustrated in Figs. © and 2,18 itustrated in
more detail in Figs. 3 to T '

Referring particularly to these figures,
the heating furnace is made up of a heating
flue 30, a fircbox 31 (equipped with stit-
able means for burning the fuel used to sup-
ply heat to the operalion) (‘(n.lnnnnivuti11;:;
with the upper end of the heatimg flue, and
a stack flue 32 communicating with the
lower end of the heating flue. In operation,
the hot products of combustion
firebox pass upwardly from the firebox to
the upper end of the heating fue, then
downwardly through the heating flue, es-
aping from the lower end of the heating

flue through the stack flue. In the furnace’

construction illustrated, the bridge wall 33
is arranged to prevent direct radiation from
the firebox upon the heating tubes arranged
in the heating flue. A Dattery of heating
tubes made up of five banks of ten tubes
each are arranged in and extend through
the heating flue 30. DBaflles 34 and 35 are
arranged in the heating flue to cause the

from the .
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heating gases to pass back and forth across

the flue as they pass downwardly there-
through. Each of the banks of heating
tubes is arranged generally transversely to
the flow of heating gases to the heating flue.
Oil entering the battery of heating tubes is
supplied first to the bank of heating tubes
with which the fresh hot products of com-
bustiom from the firebox first contact.
Steam jet blowers 36 are arranged, on oppo-
site sides of the furnace setting, for with-
drawing through openings 37 a portion of
the heating gases about to enter the stack
flue and returning it through openings 38
to be recivenlatéd through the heating flue
in admixture with fresh hot products of
combustion from the firebox.

Toach bank of heating tubes is made up of
a number of tubes connected at opposite

Cends with an upper header 39 and a lower

header 40. Ioxcepting the lower header on
the first bank of heating tubes in the series
and the upper header on the last bank of
heating tubes in the series, these headers
are closed at one end and of the general
construction illustrated in Iigs. ¢ and 7.
Plugs 41 are provided opposite the ends of
each of the lLeating tubes to permit access
for cleaning or to provide for replacement
of heating tubes. Supply connections con-
neet with both ends of the lower header 40
on the first bank of heating tubes and dis-
charge connections connect with both ends
of the upper header 39" on the last bank of
heating tubes. This arrangement of the
first and last headers is advantageous in
promoting uniform distribution of flow
across the banks of heating tubes.. Circu-
lating connection 26, arranged on the far
side of the heater as shown in Fig. 8, con-
nects the upper header 39 on the first bank
of heating tubes with the lower header 40
on the second bank of heating tubes.  Cir-
culating connection 27, arranged on  the
near side of the furnace as shown in Fig. 3,

connects the upper header 39 on the second.

bank of heating tubes with the lower header
40 on'the third banlk of heating tubes. The
suceeeding banks of heating tubes arve con-
nected in a similar ‘manner by cireulating
conneetions 28 -and 29. These circulating
connections; as shown particularly in Fig. S;,
ave arranged entirely outside of the heating
flue 30 in which the heating tubes are sit
wated. These circulating connections, 26,
97, 98 and 29 are thoroughly lagged or
heat insulated to prevent heat loss. The
bulk supply drum 15 and the circulating
connections 17, 18 and 19, as well as the re-
flux tower illustrated, are also, with advan-
tage, similarly lagged or heat insulated.
In the oil heater illustrated, the several
banks of heating tubes, the lower headers
40 and 40’, and the cirenlating cohnections
26, 27. 28 and 29 are all suspended from the
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upper headers 39 and 39" which in turn are
arried by supports 42 on the furnace set-
ting, Tree cxpansion and contraction of
the elements making up the hcater with
change in temperature is thus provided for,
The vertical arrangement of the heating
tubes further assists in eliminating any tend-
ency toward sageing of the heating -tubes
under operating” conditions. By arranging
all of the heating tubes in the several banlks
parallel to each other, as in the oil heater
illustrated, it is also possible to use a gang
cleaner. . '

One form of circulating pump, or forcing

means, particularly adapted for use in con.
junction with the apparatus of the inven-
tion is illustrated in Figs. 8 to 10. This
pump, in so far as it is novel, is the inven-

‘tion of Thomas de Colon Tifft a resident of

Chicago, county of Cook and State of Ili-
nois. This pump is of positive displace-
ment type adapted to maintain g high rate
of circulation through the oil heater.

In the pump illustrated in Figs. 8 to 10,
a stream- of oil is drawn-in through connec-
tion 104, divided, and forced out through
connections 105 and 106. The forcing means
comprise a pair of driven members 102 and
103 “arranged in a closely fitting housing
101 Each end of each driven member is

" provided with a helical flange intermeshing

%]
<

.member, each of the helical

with and closely fitting a

similar but oppo-
sitely arranged flange on

the other driven
flanges on op-
posite ends of the same driven member also
being arranged in opposition. The driven

- members 102 and 103 are driven in opposite

40

directions and maintained in fixed relation
by means of gears 107 and 108,

tion, successive increments of oil are forced

- from the central space in the housing 101

(1

€J

[

between the pairs of intermeshing flanges
at'the opposite ends of the driven members
to the opposite ends of the housing 101 by

Totation, In opposite directions, of the driven

members 102 and 103, From the end spaces
1 the housing, the oil is discharged through
connections 105 and 106.

The housing 101 is closed at its ends by
plates 109 and 110 which are bolted between
the housing 101 and end covers 111 and 112,
The driven members 102 and 103 are ar-
ranged on shafts 113 and 114 which extend
through bearings carried by the plates 109
and 110 into the space between these places
and the end covers 111 and 112 These
bearings fit the shafts 113 and 114 loogely
enough to allow for such expansion as tales
place under operating conditions. To pre-
vent the escape of Lot oil from the interior
of the housing 101, 0il is supplied to the spaces
between the plates 109 and 110 and the end
covers 111 and 112 through connections 113
and 116 under pressure sufficient to maintain
an inflow of oil through the bearings along

are steel forgings.

line 45 to the condenser

In opera-.

from the reflux tower 43, together

cout the still at the

5

the shafts 113 and 114 into the interior of
the housing 101. This inflow of oil prevents
the escape of hot oil, and also assists in cool-
ing and lubricating the bearings.  Operat-
ing extensions of the shaft 113 extend

through stuffing boxes 117 and 118 for con. 7

nection to some suitable driving means, such
as an electric motor or steam engine. These
stuffing boxes also, as well as the gears 107
and 108, are protected against the action
of hot o1l passing through the pump by the
cool oil supplied to the spaces between the
plates 109 and 110 and the end covers 111
and 112,

In one advantageous form of construction,
the driven members 102 and 103 ave ma-
chined from iron castings, the shafts 113
and 114 are of cold rolled steel, and the
housing 101 and the end covers 111 and 112
This' construction pro-
vides for' great safety as the entire pump
mechanism is thus enclosed within a forged
housing. The headers 39, 397, 40 and 40" in

‘the oil heater illustrated may also with ad-

vantage be machined from unitary steel
forgings. ’ :

Referring again to the apparatus illus-
trated in Fig. 1, a reflux tower 43 is ar-
ranged above the bulk supply drum 15, va-
pors of the cracked oil pass from the bulk
supply drum 15 through vapor line 44 to the
lower end of the reflux tower 43, and vapors
remaining uncondensed escape from the up-
per end of the reflux tower 43 through vapor
46. The reflux
tower 43 is provided interiorly with baffles
and a connection 47 is arranged for supply-
ing fresh oil to the upper end of the re-
flux tower 43. The condenser 46 discharges
into receiver 47 from which the condensed
product is. discharged through connections
48 and gases and vapors remaining uncoti-
densed through connection 49. The pres-
sure in the system may be maintained and
regulated by means of valve 50 in the vapor
line between the reflux tower and the con-
denser,-or by means of suitable valves ar-
ranged beyond the condenser, for example
in connections 48 and 49. Reflux condensate
with the
unvaporized portion of fresh oil introduced
through connection 47, is returned through
connection 31 to the oil flowing through cir-
culating connection 17. A conncetion 59 is
provided for discharging tar or piteh-Iaden
oil from the pressure still during operation.
A connection 53 is provided for pumping
end of a run and for in-
itially charging the still at the beginning
of a run. To provide for complete draining
of the battery of heating. tubes, connection
54 is arranged with separate valved connec-
tions to each of the lower headers 40 and
40”.  As illustrated in Fig. 5, these separate
draining lines connecting to the lower head-
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ers may open into each of the lower headers
through the opening opposite the end tube
in each bank of heating tubes. To permit
removal of the connections when so made for
cleaning, a flanged fitting is provided as
shown at 55.  Additional fresh oil, in ex-
cess of that supplied through connection 47
and in excess of that supplied through con-
nections 115 and 116 for preventing the es-
cape of hot oil and for cooling and lubricat-
ing the pump bearings, may be supplied,
during operation, through connections 115
and 116 and forced into the pressure still
through the pump bearings. -

The pressure still or pressure still system,
illustrated in Fig. 2, includes a bed 56 of
finely divided solid material arranged in the
bulk supply drum 15" below the normal
liquid level therein and between the circu-
lating connections 19" from the battery of
heating tubes to the bulk supply drum and
the circulating connections 17’ from the
bulk supply drum to the battery of heating
In this form of the invention, the
unvaporized oil circulating in the pressure
still “or pressure still system 1is passed
through the bed of finely divided solid ma-
terial after each passage through the bat-
very of heating tubes and before it is recir-
culated through the battery of heating tubes.
The bed may, for exa.iple, be made up of
from four to seven tons of fuller’s earth of
15—30 mesh or of from two to five tons of
coke ground to 15—30 mesh. This form of

apparatus has the special advantage of pro-
-viding for the maintenance of a high ratio

" between the average velocity through the

40

50

50

‘heating tubes and the average velocity

through the bed of finely divided solid ma-

terial. Likewise, it provides for prolonged
or more severe heating of the oll in passage

through the battery of heating tubes be-
tween successive passes through the bed of
finely divided solid material. In the ap-

paratus illustrated in Fig. 2, the same parts:

described in connection with the apparatus
Hlustrated in Iig. 1 ave designated with the
same reference characters. It will be noted
that, in the apparatus illustrated in Fig. 2,
the counection 52 for discharging tar or
piteh-laden oil is arranged for discharge of
oil from above the bed 56 of finely divided
solid material. The bed of finely divided
solid material may be supported on any suit-

able supporting means adapted to permit’

free passage of ‘the o1l and to retain the
finely divided solid material. This support,
for example, may be made up of a number
of screens of graduated fineness supported
between perforated plates.

As an ‘example of operation of the pres-

sure still or pressure still system illustrated

in Fig. 2, the still is charged with say 8,000
gallons of cold gas oil, and this still charge
gradually brought to the desired cracking

.
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“conditions of temperature and pressure.

The pressure in the system may, for ex-
ample, be maintained in_the neighborhood
of from 100 to 300 pounds per square inch,
and the temperature maintained at a corre-
sponding value. The temperature of the

oil as it is discharged from the last bank of

70.

heating tubes in the heating furnace may be

somewhat in excess of the temperature cor-
responding to the pressure at that point,
that is the oil may be somewhat super-
heated as it is discharged from the battery
of heating tubes. After the, still is brought
to operating conditions, fresh oil may ‘be
supplied through connection 47 to maintain
the desired head: temperature at the top of
the reflux tower 43, and additional fresh
oil may be supplied through connections 115
and 116. The total amount of fresh: oil so
supplied may amount to as much as 1,500
callons to 2,500 gallons per hour or more.
Likewise, during operation, as much as 500
gallons t0.1,500 gallonis per hour or more of
tar or pitch-laden oil may be discharged
through connection 52°. The rate of circu-
lation through the circulating pump 20 may
be maintained in the neighborhood of 4,000
gallons per minute. The bed of finely di-
vided solid material is replaced with fresh
or regenerated material when it becomes

75

80

90

saturated with pitchy or carbonacebus ma- -

terial: :

Tt will be apparent that the improved oil
heater of the invention has several advan-
tages for heating oil to a cracking temper-
ature independently of its particularly ad-
vantageous application in_the combined
pressure still or pressure still system of the
invention. It is, for example, useful in con-
nection with so-called once through opera-
tions in which the oil circulated through
the oil heater and heated therein to a crack-
ing temperature comprises only fresh oil or
fresh oil admixed with reflux condensate.
The oil heater of the invention is, however,
particularly advantageous in connection
with pressure stills or pressure still systems
in which unvaporized oil discharged from
the heater is again recirculated there-
through. : ' '

In one aspect, the present invention in-
clndes or provides an.improved method of
heating hydrocarbon oils to a cracking ten-
perature in which the oil is circulated "in
a series of successive passes upwardly
through a heating zone, downwardly out-
side of the heating zone, upwardly through
the heating zone, and so on, so that the oil
is heated only while circulating upwardly

through the heating zome, and the total:

stream of oil finally discharged from-the
heating - operation at a cracking tempera-
ture. In this operation, the direction of

cireulation of the oil in each of the succes-

sive passes through the heating zone is the
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same, and the same relation is maintained
between the flow of heating gases through
the heating zone and the cireulation of oil
therethrough in each ‘of the successive
basses.  In this aspect, the improved metly.
od also includes passing the heating gases
through the heating zone so that heat ex-
change Dbetween the heating gases and the
o1l occurs first between the heating gases and
the oil on its first bassage through the heat-
ing zone, then between  the heating gases
and the oil on its second passage through
the heating -zone, and so on; the mainte-
nance of generally counter-current relation
between the flow of Lieating gases and the
circulating oil by passing the heating gases
through the heating zone in a generally
downward direction; and tempering of the
heating gases passing through the heating
zone by recirculating through the Leating
zone a portion of the escaping heating gases,
This aspect of the mvention, an improved
method of heating oil to a cracking temper-
ature, is illustrated diag almatically in
Fig. 12, '

I claim:

1. In apparatus for cracking hydrocarbon
oils, a bulk supply drum, a battery of heat-
ing tubes, and circulating connections be-
tween the bulk supply drum and the bat-
tery of heating tubes including a forcing
means for circulating oil from the bulk sup-
ply drum through the. battery of heating
tubes and back to the bulk supply drum,
sald battery of heating tubes being arranged
in a heating flue and comprising a series of

“banks of vertically arranged heating tubes

and connections between the upper ends of
the banks of heating tubes, except the last,
in such series and the lower ends of the suc-
cessive banks, the last mentioned connee-
tions being arranged externally of the heat-
ing flue in which the heating tubés are
arranged,

2. In apparatus for cracking hydrocarbon
oils, a bulk supply drum, a battery of heat-
g tubes, and circulating connections be-
tween the bulk supply dram and the battery
of heating tubes including a forcing means
for circulating oil from the bulk: supply

~drum through the battery of heating tubes

and back to the bulk supply drum, said hat-
tery of heating tubes Deing arranged -in a
Leating thie and comprising a series of
banks of vertically arranged heating tubes
and connections between the upper ends of
the banks of heating tubes, except the last,
awdd the lower ends of the
stecessive hanks, the last mentioned connee.
tions being arranged externally of the.heat-
ing flue in which the heating tubes are ay-
ranged, the circulating connections from the
bulk supply drum to the battery of heating
tubes connecting with the lower end of the
such series

“tery of heating tubes being

7

and the circulating connections from {he

battery of heating tubes to the: bulk supply
drum connecting with the u pper end of the

last bank of such series. o )

3. In apparatus for cracking hydrocarbon
oils, a bulk supply drum, a battery of heat-
ing tubes, and circulating connections he-
tween the bulk supply drum and the battery
of heating tubes mcluding a forcing means
for circulating oil from the bulk supply
drum through the battery of heating tubes
and back to the bulk supply drum, said bat-

tery of heating tubes heing arranged in a

heating flue and COmprisilg a series of
banks of vertically arranged heating tubes
and connections between the upper ends of
the banks of heating tubes, except the last,
in such series and the lower ends of the suc.
cessive banks, the last mentioned “connec
tions being arranged externally of the heat-
ing flue in which the heating tubes are ar-
ranged, the circulating connections from the
bulk supply drum-to the battery of heating
tubes connecting with the lower end of tha
first bank of heating tubes in such series
and the circulating connections from the
battery of heating tubes to the bulk supply
drum connecting with the upper end of the
last bank of such series, the first bank of
heating tubes in such series being arranged
to contact first with heating gases passing
through the heating flue in which the bat.
tery of heating tubes ig arranged. :

4. In apparatus for cracking hydrocarbon
oils, a bulk supply drum, a battery of heat-
ing tubes, and circulating connections be-
tween the bulk supply drum and the battery
of heating tubes including a forcing means
for circulating oil from the bulk supply

‘drum through the battery of heating tubes

and back to the bulk supply drum, said bat-
arranged in n
heating flue and comprising a series of
banks of vertically arranged heating tubes

‘and connections between the upper ends of

the banks of heating tubes, except the last,
i such series and the lower ends of the <uce-
cessive banks, the last mentioned connee-

“tions being arranged externally of the heat-

g flue in which the heating tubes are ar-
anged, a firebox communicating with the
upper end of s2id heating flue and a stack
flue communicating with the lower on of
said heating {lue, ,

5. T apparatus for eracking hydrocarhon
oils, a bulk supply dran, g hattery of heat-
ing tubes, and civeulating connections be-
tween the bulk supply deam and the battery
of heating tubes mcluding a foreing ments
for circulating oil from the bulk wupply
drum through the battery of heating tubes
and back to the bulk supply drum. said bat-
tery of heating tubes being arranged in a
heating flue and comprising a series of banks
of vertically arranged heating tubes and
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connections between the upper ends of the
banks of heating tubes, except the last, in
such series and the lower ends of the suc-
cessive banks, the last mentioned.connections

being arranged externally of the heating -

flue in which the heating tubes are arranged,

" a firebox communicating with one end of

10

15

20

said heating flue and a stack flue communi-
cating with the other end, and means for re-
circulating through the heating flue . with
fresh hot products of combustion from: the
firebox a portion of heating gases esecaping
from the heating flue in which the heating
tubes are arranged. .

6. In apparatus for cracking hydrocarbon
oils, a bulk supply drum, a battéry of heat-
ing tubes, and circulating connections be-
tween the bulle supply drum and the bat-
tery of heating tubes including a forcing
means for circulating oil from the bulk sup-
ply drum through the battery of heating

“fubes and back to the bulk supply drum,

25

. 30

35

said battery of heating tubes being arranged

in a heating flue and comprising a series of
banks of vertically arranged heating tubes
and connections between the upper ends of
the banks of heating tubes, except the last,
in such series and the lower ends of the suc-
cessive banks, the last mentioned connections
being arranged externally of the heating flue
in which the heating tubes are arranged,
each of said banks of heating tubes being ar-
ranged. transversely to flow of heating gases
through. said heatinig flue.

7. In apparatus for cracking hydrocarbon
oils, a bulk supply drum, a battery of heat-
ing tubes, and circulating connections be-
tween the bulk supply drum and the bat-

~ tery of heating tubes including a forcing

40

45

B0

55
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means for circulating oil from the bulk sup-
ply drum through the battery of heating
tubes and back. to the bulk supply drum,
said battery of heating tubes being arranged
in a heating flue and comprising a series of
banks of vertically arranged heating tubes
and connections between the upper ends of
the banks of heating tubes, ¢xcept the last,
in such series and the lower ends of the suc-
cessive banks, the last mentioned connections
being arranged externally of the heating
flue in which the heating tubes are arranged,
and a bed of finely divided solid material
arranged in the bulk supply drum below
the normal liquid level therein and between
the circulating connections from the battery
of heating tubes to the bulk supply drum
and from the bulk supply drum to the bat-
tery of heating tubes.

8. In apparatus for cracking hydrocarbon
oils, a bulk supply drum, a battery of heat-
ing tubes, and circulating connections be-
tween the bulk supply drum and the battery
of heating tubes including a forcing means
for circulating oil from the bulk supply
drum through the battery of heating tubes

1,774,291

and back to the bulk supply drum, said
battery of heating tubes being arranged in
a healing flue and comprising 2a series of
banks of vertically arranged heating tubes
and connections between the upper ends of
the banks of heating tubes, except the last,
in such series.and the lower ends of the suc-
cessive banks, the last mentioned connec-
tions being arranged externally of the heat-
ing flue in which the heating tubes are ar-
ranged, and a bed of finely divided solid
material arranged in the bulk supply drum
below the normal liquid level therein and
between the circulating connections from the
battery of heating tubes to the bulk supply
drum and from the bulk supply drum to the
battery of heating tubes, the circulating con-
nections from the bulk supply drum to the
battery of heating tubes connecting with the
Jower end of the first bank of heating tubes
in such series and the circulating conncc-
tions from the battery of heating tubes to
the bull supply drum connecting with the

" upper end of the last bank of such series.

9.-In apparatus for cracking hydrocarbon
oils, a bulk supply drum, a battery of heat-
ing tubes, and circulating connections be-
tween the bulk supply drum and the battery
of heating tubes including a forcing means
for circulating oil from the bulk supply
drum through the battery of heating tubes

.and back to the bulk supply drum, said bat-

tery of heating tubes being arranged in a
heating flue and comprising a series of banks

‘of vertically- arranged heating tubes and

connections between the upper ends of the
banks of heatink tubes, except the last, in
such series and the lower ends of the suc-
cessive banks, the last mentioned connections
being arranged externally of the heating
flue in whieh the heating tubes are arranged,
and a bed of finely divided solid material
arranged in the bulk supply drum below
the normal liquid level therein and between
the circulating connections from the battery
of heating tubes to the bulk supply drum
and from the bulk supply drum to the bat-
tery of heating tubes, the circulating con-
nections from the bulk supply drum to the
battery of heating tubes connecting with the
lower end of the first bank of heating tubes
in such series and the circulating connections

from the battery of heating tubes to the

bulk supply drum connecting with the upper
end of the last bank of such series, the first
bank of heating tubes in such series being
arranged to contact first with heating gases
passing through the heating flue in which
the battery of heating tubes is arranged.

10. In apparatus for cracking hydrocar-
bon oils, a bulk supply drum, a battery of

heating tubes, and circulating connections:

between the bulk supply drum and the bat-
tery of heating tubes including a forcing
means for circulating oil from the bulk
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supply drum through a battery of heatin
tubes and back to the bulk supply drum, saig
battery of heating tubes being arranged in
a heating flue and comprising a series of

“banks of vertically arranged heating tubes

and connections between the upper ends of
the banks of heating tubes, except the last,
in such series and the lower ends of the suc-
cessive banks, the last mentioned connec-
tions being arranged externally of the heat-
ing flue in which the heating tubes are ar-
ranged, and a bed of finely divided solid

-material arranged in the bulk supply drum

below the normal liquid level therein and

between the circulating connections from the

battery of heating tubes to the bulk supply
drum and from the bulk supply drum to

‘the battery of heating tubes, a firebox com- .

municating with the upper end of said heat-
ing flue and a stack flue comrunicating
with the lower end of said heating flue.

11. In apparatus for cracking hydrocar-

~ bon oils, a bulk supply drum, a-battery of

25
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heating tubes, and circulating connections
between the bulk supply drum and the. bat-
tery -of heating tubes including a forcing
means for circulating oil from the bulk sup-
ply drum through the battery of heating
tubes and back to the bulk supply drum,
said battery of heating tubes being arranged
in a heating flue and comprising a series of
banks of vertically arranged heating tubes
and connections between the upper ends of
the banks of heating tubes,.except the last,
in such series and the lower ends of the suc-

_cessive banks, the last mentioned connec-

tions being arranged externally of the heat-
ing flue in which the heating tubes are ar-
ranged, and a bed of finely divided solid ma-
terial arranged in the bulk supply drum be-
low the normal liquid level therein and

“ between the circulating connections from the

battery of heating tubes to the bulk supply
drum and from the bulk supply drum to the
battery of heating $ubes, a firebox communi-
cating with one end of said heating flue and
a stack flue communicating with the other
end, and means for recirculating through
the heating flue with fresh hot produects of
combustion from the firebox a portion of
heating gases escaping from the heating flue
in which the heating tubes are arranged.
~12. In apparatus for cracking hydrocar-
bon oils, a bulk supply drum, a battery of
heating tubes, and circulating connections

between the bulk supply drum and the bat-

tery of heating tubes including a forcing
means for circulating oil from the bulk sup-

- ply drum through the battery of heating

60

65

tubes and back to the bulk supply drum,
said_battery of heating tubes being ar-
ranged in & heating flue and comprising a
series of banks of vertically arranged heat-
ing tubes and connections between the up-
per ends of the banks of heating tubes, ex-

cept the last, in such series and the lower
ends of the successive banks, the last men-
tioned connections being arranged exter-
nally of the heating flue in which the heat-
ing tubes are arranged, and a bed of finel

supply drum below the normal liquid level
therein and between the circulating connec-
tions from the battery of heating tubes to
the bulk supply drum and from the bulk
supply drum to the battery of heating tubes,
each of said banks of heating tubes being
arranged transversely to flow of heating
gases through said heating flue. '
13. In apparatus for cracking hydrocar-
bon oils, an improved oil heater comprising
a furnace having a heating flue and a bat-
tery of heating tubes arranged in and ex-
tending transversely through said heating

flue, said battery of heating tubes compris-

ing a closed series of banks of vertically

‘arranged heating tubes and direct connec-

o

y
-divided solid material arranged in the bulk 70
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85

tions between the upper ends of the banks

of heating tubes, except the last, in such
series and the lower ends of the successive
banks, the said connections being arranged
externally of the heating flue in which the
heating tubes are arranged.

14. In apparatus for cracking hydrocar-
bon oils, an improved oil heater comprising
a furnace having a heating flue and a bat-
tery of heating tubes arranged in and ex-
tending transversely through said heating
flue, said battery of heating tubes compris-
ing a closed series of banks of vertically ar-
ranged heating tubes and direct connections
between the upper ends of the banks of heat-
ing tubes, except the last, in such series and

90

95

100

the lower ends of the successive banks, the

sald connections being arranged externally
of the heating flue in which the heating
tubes are arranged, supply connections con-
necting with the lower end of the first bank
of heating tubes in such series, and discharge
connections connecting with the upper end
of the last bank of heating tubes in such
series.

15. In apparatus for cracking hydrocar-
bon oils, an improved oil heater comprising
a furnace having a heating flue and a bat-
tery of heating: tubes arranged in and ex-
tending transversely tlirough said heating

flue, said battery of heating tubes compris-

ing a closed series of banks of vertically ar-
ranged heating tubes and. direct connections
between the upper ends of the banks of
heating tubes, except the last, in such series
and the lower ends of the successive banks,
the said connections being arranged exter-
nally of the heating flue in which the heat-
ing tubes are arranged, a firebox communi-
cating with the upper end of said heating
flue and a stack flue communicating with
the lower end of said heating flue,

16. In apparatus for cracking hydrocar- :::
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_bon oils, an improved oil heater comprising cracking temperature in said heating zone
a furnace having a heating flue and a bat- by indirect heat exchange with heating
tery of heating tubes arran ‘ed in and ex- gases passed transversely to the several paths
tending transversely throug said heating of said stream of oil through the heating -

" g flue, said battery o leating tubes compris- zone, heat being transferred to said stream -
ing a closed series of banks of vertically ar- of oil only while circulating ' upwardly
ranged heating tubes and direct connections through said heating zone, and discharging

. between the upper ends of the banks of heat- the total stream of oil from the heating op-
ing tubes, except the last, in such series and eration after the several successive passes

10 the lower ends of the successive banks, the through said heating zone and at a cracking 75

caid connections being arranged externally temperature. : ' _

of the heating flue I which the heating . 20. A method of heating hydrocarbon oils

tubes are arranged, a firebox communicating to a cracking temperature, which comprises

with one end of said heating flue ‘and a supplying a stream of the o#l to the heating

stack flue communicating with the other  operation, circulating this stream of oil in 8o

end, and means for ‘recirculating through 2 succession of passes through a heating

the heating flue with fresh hot products of zone, the direction of circulation of the oil
combustion from the firebox a_portion of in each of the successive passes through said
heating gases escaping from the heating flue heating zohe being the same, heating the

20 in which the heating tubes are arranged. stream of oil to a cracking temperature in 85
. 17. In apparatus for cracking hydrocar- said heating zone by indirect heat exchange
bon oils, an improved oil heater comprising with heating gases passed transversely to
a furnace having a heating flue and a battery the several paths of -said stream of oil
of heating tubes.arranged in and extending through the heating zone, and discharging

95 transversely through said heating flue, said the total stream’ of oil from the heating 90
battery of heating tubes comprising a closed - operation after the succession of passes
series of banks of vertically arranged heat- through said heating zone and at a cracking
ing tubes and direct connections between temperature. o
the upper ends of the banks of heating tubes, 21. A methad of heating hydrocarbon oils

30 except the last, in such series and the lower to a cracking temperature, ‘which comprises 95
ends of the successive banks, the said con- supplying a stream of the oil to the heating

. nections being arranged externally of the operation, circulating this stream of oil in
heating flue in which the heating tubes are a succession of passes through a heating

arranged, supply connections connecting zone, the direction of circulation of the oil

35 with the lower end of the first bank of heat- in each of the successive passes through said 100
ing tubes in such series, the first bank of heating zone being the same, heating the
heating tubes in such series being arranged stream of oil to a cracking temperature in
to contact first with heating gases passing said heating zone by indirect heat exchange

- through the heating flue in saig furnace. . with heating gases passed therethrough, the

4 18. In apparatus for cracking hydrocar- ‘heating gases being passed through said 105
bon oils, an improved oil heater, comprising . heating zone generally countercurrent to the
a furnace having a heating flue and a battery circulation of the oil therethrough and
of heating tubes arranged in and extending transversely to the several paths of said
through said heating flue, said battery of stream of oil through the heating zone, and

45 heating tubes comprising 2 closed series of discharging the total stream of oil from 110
banks: of vertically arranged heating tubes the healing operation after the succession
and direct connections between the upper of passes through said heating zone and at
ends of the banks of heating tubes, except 2 cracking. temperature.
the last, in such series and the lower ends . 22. A method of heating hydrocarbon oils

50 of the successive banks, the said connections to a cracking temperature, which comprises 115
being arranged externally of the heating flue supplying a stream of the oil to the heating
in which the heating tubes are arranged, operation, circulating this stream of oil up-
each of said banks of heating tubes being wardly through a heating zone, then down-
arranged transversely to flow of heating wardly outside of said %eating zone, then

55 gases through said heating flue. upwardly through said heating zone, and so 120

19. A method of heating hydrocarbon on in’ a plurality of successive passes

oils to a cracking temperature, which com- through said heating zone in the heating
prises supplying a stream of the oil to the operation, passing heating gases trans-

_* heating operation, circulating this stream of  versely to the several paths of said stream

60 oil upwardly through a heating zome, then of oil through the heatinig zone first in 125
downwardly outside of said heating zone, indirect heat exchanging relation with the
then upwardly through said heating zone, oil. stream on its first pass through said
and so in a plurality of successive passes heating zone, then in ‘indirect heat ex-~

-through said heating zone in the heating changing relation with the oil stream on its
65 operation, heating the stream of oil to a second pass through said heating zone, and 130
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so on, and thereby heating the stream of oil
to a cracking temperature in said heating
zone, heat being transferred to said stream
of oil only while circulating upwardly
through said heating zone, and discharging.
the total stream of oil from the heating
operation after the several successive passes
through said heating zone and at a cracking
temperature. . e

23. A method of heating hydrocarbon oils
to a cracking temperature, which comprises
supplying a stream of the oil to the heating
operation, circulating this stream of oil up-
wardly through a heating zone, then down-
wardly outside of said heating zone, then

upwardly through said heating zone, and’

so on in a plurality of successive passes
through said heating zone in the’ heating
operation, passing heating gases downward-

11
ends of the banks of heating tubes, except
the last, in such series and the lower ends
of the successive banks, the said connections
being arranged externally of the ‘heating
flue in which the heating tubes are arranged,
each of the said connections having a cross
sectional area less than the aggregate cross

sectional area of the preceding bank of
heating tubes.

In testimony whereof, I have subscribed

My name.
HARRY L. PELZER.

Iy through said heating zone and trans- -

versely to the several paths of said stream
of oil through the heating zone in indirect
heat exchanging relation with the oil circu-
lating therethrough and thereby heating the
stream of oil to a cracking temperature in
said heating zone, heat being transferred to
said stream of oil only while circulating
upwardly through said heating zone, and
discharging the total stream of oil from the
heating operation after the several succes-
sive passes through said ‘Heating zone and
at a cracking temperature.

24. A method of heating hydrocarbon oils
to a cracking temperature, which: comprises
supplying a stream of the oil to the heating

. operation, circulating this stream of oil up-

wardly through a heating zone, then down-
wardly ‘outside of said heating zene, then
upwardly through said heating zone, and
so on in a plurality of successive passes
through said heating zone in the heating
operation, passing heating gases downward-
ly through said heating zone and trans-
versely to the several paths of said stream
of oil through the heating zone in indirect

“heat exchanging relation with the oil cir-

'

culating therethrough and thereby heating
the stream of oil to a cracking temperature
in said heating zone, recirculating through
said heating zone a portion of the heating
gases escaping therefrom, heat being trans-
ferred to said stream of oil only while circu-
lating upwardly through said heating zone,
and discharging the total stream of o1l from.
the heating operation after the several suc-
cessive passes through said heating zone
and at a cracking temperature.

25. In apparatus for cracking hydro-
carbon oils, an improved oil heater compris-
ing a furnace having a heating flue and a
battery of heating tubes arranged in and

extending through said heating flue, said

battery of heating tubes COMPrising a series
of “banks of vertically
tubes-'and. connections

arranged heating’
between the upper .
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