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13 Claims. 

This invention relates to an apparatus for 
converting higher boiling hydrocarbons into 
lower boiling hydrocarbons, and more Specifi 
cally to a series of two or more connected ex 

5 pander tanks adapted for heating and Con 
verting hydrocarbons to produce gasoline espe 
cially for use as motor fuel, the hydrocarbons 
being Substantially in the form of vapor during 
treatment in the expander tanks. 
An object of the present invention is to pro 

vide an apparatus capable of converting hydro 
carbons at a high thermal efficiency, in which 
apparatus the hydrocarbons to be converted are 
evenly heated to and maintained at Conversion 

ls temperatures without subjecting the apparatus 
to excessive temperatures, Whereby a maximum 

-- yield of hydrocarbons of the desired boiling 
range are obtained in long operating cycles. 

- Another object of the invention is to provide 
20 an apparatus of the above character which is 

simple in construction and easily dismantled 
for cleaning or for the replacement or repair 
of partS. 
A further object of the invention is the pro 

vision of an apparatus wherein hydrocarbon 
vapors may be heated to and maintained at 
that conversion temperature and for that period 
of time best Suited for the particular stock 
being treated, whereby maximum yield of de 
Sired hydrocarbons are assured. 
A still further object is to provide a pair of 

expander tanks communicatively connected in 
series for the paSSage of hydrocarbon vapors and 
having flues so connected as to cause the ex 
pander tanks to be heated in series, said ex 
pander tanks and flues being So arranged that 
the hydrocarbon vapors and the heating gases 
may be initially passed through and by either 
expander tank. 

40 Other objects and advantages will be apparent 
from the following description and the accom 
panying drawings. Wherein; 

Figure 1 is a vertical longitudinal section 
through the Cracking apparatus wherein the 
two expander units are connected in series for 
the passage of heating vapors through a cross 
over flue connection, constituting one embodi 
ment of the present invention; 

Figure 2 is a similar section of a second em 
bodiment wherein one expander is Superimposed 
upon the other, and, 

Figure 3 is a plan View of a portion of the 
annular baffle or ring employed in connection 
With the present invention. 

Referring to Figure 1 in detail there is illus 
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(C. 196-117) 
trated a pair of expander tanks A and B, each 
composed of a casing 0, preferably of cylindri 
cal shape, a top end plate , and a bottom end 
plate 2. These plates are joined by a plurality 
of heating tubes 3 either Welded or rolled there 
in, said tubes being of uniform size and equi 
distantly spaced throughout the horizontal area, 
of the expander. Each expander tank is sur 
rounded by a flue casing 4 spaced therefrom. 
The top end plate f l extends over the edge of 

the expander tank Wall serving as a supporting 
means for the expander tank and rests upon an 
annular ring 5 in turn supported by brackets 
f6 and by the flange of the said flue Wall or 
casing. The ring 5 is provided with a plural 
ity of holes 8 for the passage of combustion or 
other heating gases. - 

Each expander tank is covered by a dome 9, 
which domes are connected by a cross flue 20, 
Said domes being Supported by flanges 2 joined 
to the flanges 7 through the ring 5 by bolts 
as indicated, Said connection including gaskets 
(not shown) whereby an air-tight joint is ef 
fected. The flue casings 4 are connected at 
their bottoms with a furnace (not shown) and 
include dampers or valves 22 and 23 which are 
alternately opened and closed depending upon 
Which expander is to be heated with gases at 
the higher temperature. For the discharge of 
the combustion gases the flue casings 4 are 
provided With outlets 24 and 25 connected to 
the stack, said outlets having dampers 26 and 
27 also adapted to be alternately operated. 
The expander tanks A and B are provided 

With inlet conduits 27 and 28, near the tops 
thereof, which pass through relatively large. 
holes in the flue casings. 4, said holes being 
closed by stuffing boxes. 29, the bases of which 
are Welded, bolted or otherwise attached to the 
flue Casings. These inlet conduits are threaded 
into couplings 30 which are in turn welded to 
the expander tank Walls. Within the expander 
tank walls, there are extensions 3 of the inlet 
conduits preferably Welded to the couplings 
which are bent downwardly and extended. Sub 
stantially to the bottom of the expander tanks. 
The expanders A and B are provided with 

outlets 32 and 33 connected in the Same manner 
as the inlets through the flue walls to the ex 
pander tank walls. The outlet conduit 32 is con 
nected with the inlet conduit 28 of expander 
tank B through a valve 34. On one side of the 
valve 34 there is a valve outlet 35 and on the 
other a valved inlet 36. The outlet 33 from 
expander tank B is connected to the inlet con 
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2 
duit 27 of expander tank A through a conduit 
37 provided with a valve 38. 
By Supporting the expander tanks A and B 

Solely at one end and providing stuffing boxes 
for the inlets and Outlets, the stresses and 
strains in all portions of the expander may be 
relieved. These provisions permit a mechanical 
equilibrium of the forces which arise due to 
the difference of the thermal expansion of the 
different portions of the expander tank and flue 
casing. 
In commencing operations in the above em 

bodiment of the invention, either expander tank 
may receive the flue gases first to be heated to 
the higher temperature, the gases after heating 
one expander tank then passing to heat the 
other, 
are preferably introduced initially into the ex 
pander tank maintained at the lower tempera 
ture. For example, when the hot gases of com 
bustion are introduced through open damper 
23, the hydrocarbon vapors to be converted are 
introduced through inlet conduit 27. In the 
inlet conduit 27, said vapors pass through the 
flue and expander tank Walls and down the 
extension 3 to be liberated within the expander 
tank. A near the bottom thereof. The vapors 
rise in expander tank A and paSS in a Counter 
current direction to the heating gases foWing 
from the cross over flue 20, downwardly Within 
the tubes 3 and within the flue casing f4 
around the outside of the expander tank wall 
0, the vapors passing out through the conduit 

32 through valve 34, conduit 28 into expander 
tank B. After heating expander tank A, the 
heating gases pass out through conduit 24, the 
damper 26 being open. The temperature of the 
vapors entering this expander tank in the pre 
ferred practice are at or near the conversion 
temperature range. In expander tank B the 
vapors pass upwardly in indirect heat exchange 
with the heating gases flowing upwardly 
through the tubes 3 and the Space Surrounding 
the expander tank wall. The converted vapors 
then pass out through the conduit 33 to be 
quenched and fractionated. 

If expander tank A is to be heated to the 
higher temperature, the heating gases are con 
ducted into the apparatus through damper 22, 
dampers 23 and 26 being closed, and after heat 
ing both expandel's pass out of the apparatus 
through conduit 25 to the stack, the damper 
27 being open, the vapors to be converted ini 
tially introduced into expander tank B through 
the conduits 36 and 28. The vapors then pass 
through expander tank B in the manner above 
described leaving through conduit 33, passing 
in conduit 37 through inlet 27 and flowing into 
expander tank A. From expander tank A the 
converted vapors pass through conduits 32 and 
35 to be quenched and fractionated. 
The number and size of the holes 8 in the 

annular ring 5 are such that the quantity of 
heating gases which pass around the outside 
of the expanders 0 is substantially exactly 
sufficient to heat the vapors adjacent the inside 
Walls of the expanders to a temperature equal 
to the vapors adjacent the tubes 3 extending 
through the expanders. 
One of the features of the present invention 

is the facility with which the apparatus can 
be dismantled for the cleaning or repairing of 
parts. The dome 9 can be easily removed as 
a unit by withdrawal of the bolts with which 
it is attached to the fiue casings 4. The vapor 

The hydrocarbon vapors to be converted 

2,085,289 
inlet and Outlet conduits may be unScrewed 
from the couplings 30 in the expander tank 
walls and the expander tanks or tube banks 
removed by lifting them out of the top by any 
suitable means. The annular rings 5 are pro 
vided with a pair of notches 39 on Opposite 
sides to permit the couplings 38 to pass there 
through during removal. 
In Figure 2, a second embodiment of the 

present invention is illustrated in which an 
expander tank C is mounted directly above an 
expander tank D. These expander tanks are 
of the same construction as expander tanks A 
and B hereinbefore described, the sole difference 
being in their relative positions. 
In this embodiment the expander tank C is 

Surrounded by a casing 4f mounted upon a cas 
ing 42 surrounding the expander tank D. These 
casings are joined by the same means employed 
in the attachment of dome 9 to the casings 
4 illustrated in Figure 1. Above expander tank 
C there is a dome 43 having an outlet 44, said 
dome being attached to said casing 4f also in 
the described manner. 
During operation of this embodiment the hy 

drocarbon vapors to be converted are introduced 
through inlet 45 into expander tank C to pass 
upwardly therethrough out of conduit 46 di 
rectly into inlet 4 into expander tank D to paSS 
upwardly therethrough and out through conduit 
48. The heating gases are introduced at the 
bottom of the casing 42 at 49 to pass upwardly 
through and around expander tank D thence 
through and around expander tank C and finally 
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out through conduit 44. It Will be observed that 35 
in the process as described the vapors during 
conversion pass concurrently with the heating 
gases. It should be understood, however, that 
the invention includes the passage of either 
the vapors or the heating gases in an opposite 
direction from that described. With the result 
that either countercurrent, foW or concurrent 
flow may be obtained. 

If it is desired not to include the reversing 
feature of the present invention as described in 
detail in connection with Figure i, the flue cas 
ing around the expander tank maintained at the 
cooler temperature may be omitted without se 
riously affecting the efficiency of the process. 
If this Omission is made all of the heating gases 
Will pass only through the tubes 3 of the cooler 
expander tank. 
The chief advantages obtained by the use of 

the apparatus of the present invention in the 
cracking of hydrocarbon vapors are as follows: 

1. Evenness of heating of the vapors is ob 
tained both during the increase in temperature 
to the conversion range and during the conver 
Sion itself. This result is obtained by heating 
the vapors at a plurality of points within the 
expander tank and also from the exterior of the 
expander tank. 

2. Good flexibility as to time and temperature 
treatment of the various cracking stocks is ob 
tained. The heating can be accurately con 
trolled by regulation of the speed of the passage 
of the heating gases and their temperature and 
a speed of the vapors to be cracked. 

3. Substantially no heat energy is lost from 
the combustion gases. This result is effected by 
using the heat remaining in combustion gases 
after employing them for the conversion step 
to preheat the vapors to the conversion tempera 
ture. 

4. The life of the expander tank apparatus as 
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2,085,289 
a whole is longer than when a single expander 
tank is used for the reason that the provision 
of two expander tanks permits a lower tem 
perature to be used in each expander tank. 
Hence the combustion gases which initially con 
tact with the initial expander tank need not 
be at as high a temperature as when only one 
expander tank is used. 

5. The simplicity of the expander tank appa 
ratus permits easy removal of the expander 
tank units for cleaning or repairing, if the same 
becomes neceSSary. 

6. Considerable time and expense in the crack 
ing of oil are saved because of the above fea 
tures. 

7. An increase in safety over ordinary ex 
pander tanks is obtained by the provision of 
flue walls surrounding the expander tank walls. 
In the event of an explosion, the outer flue Walls 
Will reduce the damage otherwise likely to occur 
to persons or property in the vicinity. 

It should be understood that the instant in 
vention is not limited to the details of con 
struction or operation herein described, but 
that it includes all variations coming within the 
terms of the appended claims. 
I claim: 
1. An expansion tank apparatus for cracking 

hydrocarbons substantially in the vapor phase 
comprising, a pair of expander tanks, means for 
passing hydrocarbon vapors through said tanks 
in series, a plurality of vertical heating tubes 
extending through each of Said tanks and 
means for passing heating gases alternatively 
through the tubes of either tank and thence 
through the tubes of the other tank. 

2. An expansion tank apparatus for cracking 
hydrocarbons substantially in the vapor phase 
comprising a pair of expander tanks, conduits 
for introducing hydrocarbon vapors initially into 
either of Said tanks, means for passing Said 
hydrocarbons upwardly through Said tanks, con 
duits connecting said tanks in Series, conduits 
for finally removing the treated hydrocarbons 
from either of said tanks, a plurality of heat 
ing tubes extending through Said tanks, and 
means for passing heating gases alternatively 
through the tubes of either tank and thence 
through the tubes of the other tank. 

3. An apparatus for cracking hydrocarbons 
substantially in the vapor phase comprising, two 
or more expander tanks, means for passing hy 
drocarbon vapors through Said tanks in Series, 
a plurality of vertical heating tubes extending 
through each of Said tanks, a flue casing ex 
tending completely around at least one of said 
tanks and means for passing heating gases 
through the tubes of One expander and thence 
through the tubes of another expander and 
through the Space between the expander tank 
or tanks and the flue casing or casings. 

4. The apparatus as described in claim 1 
wherein at least one of the expander tanks is 
enclosed in a flue casing Whereby a portion of 
the heating gases paSSes along the exterior of 
the expander tank or tanks. 

5. An expansion tank apparatus for cracking 
hydrocarbons substantially in the vapor phase 
comprising a pair of Vertically disposed ex 
pander tanks, each unit having a plurality of 
heating tubes extending therethrough, said tubes, 
in each expander being uniform in size and equi 
distantly Spaced, means for passing heating 
gases through the tubes of One unit and Subse 
quently through the tubes of the other unit, 

3 
means for passing hydrocarbon vapors through 
Said last mentioned expander unit and Subse 
quently through said first mentioned expander 
unit in Series, and means for reversing the flow 
of heating gases through said tubes, and means 
for reversing the series flow of hydrocarbon 
Vapors through said expander units. 

6. An expansion tank apparatus for cracking 
hydrocarbons substantially in the vapor phase 
comprising a pair of vertically disposed ex 
pander tanks having a plurality of heating tubes 
extending therethrough, said tubes in each ex 
pander being uniform in size and equi-distantly 
Spaced, means for passing heating gases through 
the tubes of one expander tank and thence 
through the tubes of the other expander, and 
means for passing hydrocarbon vapors through 
Said last mentioned expander tank in series and 
Subsequently through said first mentioned ex 
pander tank, and means for reversing the se 
ries flow of hydrocarbon vapors through said 
expander tanks. 

7. The apparatus as described in claim 2, 
Wherein the heating tubes in said expander 
tanks are of Such size and so spaced as to effect 
Substantially uniform heating between the tubes. 

8. An apparatus for cracking hydrocarbons 
Substantially in the vapor phase comprising, a 
pair of expander tanks, means for passing hydro 
carbon vapors through said expander tanks in 
Series, a plurality of vertical heating tubes ex 
tending through each of said expander tanks, 
flue casings surrounding said expander tanks, 
means for passing heating gases through the 
tubes of and also around one expander tank 
Within the flue casing and thence through the 
tubes of and also around the other expander 
tank within the flue casing surrounding the 
Sale. 

9. The apparatus as described in claim 8 
Wherein one of said expander tanks is mounted 
above the other and said casings are contiguous 
in removable end to end relationship in such a 
manner that heating gases passing from the 
tubes of and from around one expander tank 
may paSS directly through the tubes and around 
the other expander tank. 

10. An apparatus for cracking hydrocarbons 
Substantially in the vapor phase comprising, a 
pair of expander tanks, means for passing hy 
drocarbon vapors through said expander tanks 
in Series, a plurality of vertical heating tubes ex 
tending through each of said expander tanks, a 
flue casing surrounding each expander tank, said 
casings having lower ends for the introduction 
of heating gases therein, each casing being pro 
vided with a removable dome at the upper end 
thereof forming a closure for the same, a cross 
flue connecting said domes, and means for se 
lectively introducing heating gases into either 
casing through its lower end whereby the same 
may paSS first through the tubes of one ex 
pander tank and through said cross flue and sub 
Sequently through the tubes of said other ex 
pander tank. 

11. An expansion tank apparatus for crack 
ing hydrocarbons substantially in the vapor 
phase comprising, a pair of casings each adapted 
to receive heating gases in the lower end thereof, 
an expander tank Suspended in each casing from 
One end thereof and Supported therein centrally 
in Spaced relation thereto, heating tubes extend 
ing through each of Said tanks, means for pass 
ing hydrocarbon vapors into one of Said tanks 
adjacent the bottom thereof, means for conduct 

10 

20 

25 

30 

40 

45 

50 

55 

60 

65 

70 

75 



0. 

15 

4. 2,035,239 
ing said hydrocarbon vapors from Said last men 
tioned tank and for introducing the same into 
said first mentioned tank adjacent the bottom 
thereof, a removable dome closing the upper end 
of each casing, a cross flue connecting said 
domes, a means for selectively excluding heating 
gases from the lower end of either casing where 
by heating gases may be selectively introduced 
into Said casings through the lower end thereof 
and whereby the same may pass through the 
tubes of each expander tank in Series. 

12. An apparatus for cracking hydrocarbons 
substantially in the vapor phase comprising two 
or more expander tanks connected in Series, 
means for introducing into and removing hydro 
carbon vapors from Said expander tanks, a plu 
rality of equi-distantly spaced heating flues of 
uniform Size extending through Said expander 
tanks, flue casings extending completely around 

20 Said expander tanks and means for passing heat 

ing cases through said tubes and around the ex 
iterior of Said expander tanks Within Said fue 
casings, Said flue casings being connected Such 
that heating gases emerging from the heating 
tubes in and from around One expander tank 
pass through the heating tubes and along the ex 
terior of another expander tank. 

13. An apparatus for cracking hydrocarbons 
Substantially in the vapor phase comprising two 
or more expander tanks, means for passing hy 
drocarbon vapors through said tanks in Series, a 
plurality of vertical heating tubes extending 
through each of said tanks, a flue casing extend 
ing completely around at least one of Said tanks 
and means for passing heating gases through 
said tubes and around the walls of the tank or 
tanks Within the flue casing or casings, each cas 
ing being provided with a removable dome and 
a croSS flue connecting said domes. 
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