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@) Transfer-line cooler. -

@ A transfer-line exchanger is disclosed having two
separate heat exchanging zones (20,30) or compart-
ments. Specifically, the transfer-line exchanger is
comprised of a tube or tubes (24) through which the
hot gas (61) being cooled is flowed. Each tube (24)
is contained in a larger, outer tube or a number of
tubes contained in the shell (21). Each outer tube or
the shell (21) is divided into two compariments or
zones (20,30) through which the cooling medium is
flowed. The compartments or zones (27,37) in the
outer tubes or shell are designed such that the hot
gas flowing through the tube or tubes (24) is sequen-
tially cooled by a cooling medium flowing through
™the first compartment (27) at a first temperature and
<a cooling medium flowing through a second com-
W partment or zone (37) at 2 second and generally
Q lower temperature. The tubes of the two sections are
connected by intermediate tubes (24C) loosely held
LDin guide sleeves (11,12) on the ends of the two
© sections.

Although the fransfer-line exchangers of the
© present invention are described with reference to two
n_heat exchanging zones or compariments, additional
LLjcooling by means of additional compartments or

zones can be affected.
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TRANSFER LINE EXCHANGER

TRANSFER-LINE COOLER

The present invention relates io a transfer-line
cooler, and, more particularly, o a transfer-line
cooler having two separaie heat exchanging sec-
fions.

in the processing of hydrocarbons at elevated
temperatures as well as in many other chemical
reactions, it is often desirable to quickly and effec-
tively cool the reaction product or other process
stream to terminate or sufficiently reduce the rate
of on-going chemical reactions. For example, in the
cracking of hydrocarbon feed stocks such as naph-
tha, liquid propane gas (LPG) and the like, the
cracking reaction is normally conducted at cracking
temperatures between 700°C and 1100°C. Once
the desired cracking reactions have occured, io
reduce the formation of undesirable by-producis
caused by additional cracking, it is desirable to
cool the cracked reaction product to a sufficiently
low temperature such that the cracking reactions
are terminated or reduced fo a desirable rate. The
temperature required for this purpose is generally
between 500° and 700°C. Provided the reaction
product is cooled to a temperature sufficiently low

to terminate the cracking-reactions; the-actual term~ -
perature to which the reaction product-is cooled is -

not critical. The critical feature is the time required”
to sufficiently reduce the temperature, with the
shortest fime possible being preferred. For exam-
ple, the cracked reaction product is advantageously
cooled to the indicated temperatures in less than
0.1 second.

Heretofore, this rapid cooling of the cracked
reaction product has generally been conducted in
one or more heat exchangers, commonly referred
to as "transfer-line” exchangers, which are de-
signed fo permit the desired rate of cooling. Con-
ventionally, a transfer-line exchanger is a shell and
tube type heat exchanger wherein the cracked re-
action product flows through a distribution header
into and through a plurality of tubes fo a collection
header at the opposite end. At each end, the fubes
extend through and are welded to a tube sheset. In
cooling the cracked reaction product, the cooling
medium, commonly water or a water/steam mix-
ture, is passed through the shell section, i.e, on
the outside of the tubes, usually in a cocurrent flow
to the cracked reaction product. in this operation,
part of the heat from the higher temperature reac-
tion product is transferred through the tube walls o
the cooling medium. The overall effect of the heat
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exchange operation is to raise the temperaiure of
and/or vaporize a portion of any water used in the
cooling medium while reducing the temperature of
the cracked reaction product.

A heat exchanger of particular interest for use
as a transfer-line exchanger is a double tube type
heat exchanger described in "Recuperacion de
Calor en Grandes Unidades Quimicas vy
Petroquimicas™ by Hellmut Hermann, Ingeniera
Quimica, May 1984 pps. 71-84. In the described
double tube heat exchanger, an inner tube or con-
duit for carrying the cracked hydrocarbon reaction
product is enclosed by a large diameter tube or

-conduit for carrying the cooling fluid.

In a conventional hydrocarbon cracking opera-
tion, a sufficiently large transfer-line exchanger to
cool the..cracked reaction product at a desired rate
is employed io terminate the cracking reactions.
The cracked reaction product is further cooled by
quenching the reaction product such as by the
direct addition of a hydrocarbon oil. In the cracking
of a hydrocarbon as in other chemical process
operations, conservation of energy and/or heat is
always desired. The use of a single fransfer fine
exchanger followed by a quench in the cooling of

“the cracked reaction product is not particularly ef-

fectively in producing heat and/or energy.

Therefore, for improved energy efficiency, two
transfer-line exchangers -a primary transfer-line ex-
changer ("PTLE"™) and secondary transfer-line ex-
changer ("STLE") -are employed to cool the
cracked reaction product. In said operaticn, the
cracked reaction product flows sequentiaily through
the PTLE and then the STLE, with the cracked gas
collection header ("topcone™ of the primary
transfer-line exchanger being in fluid communica-
tion with the inlet or disiribution header -
("undercone™) of the secondary firansfer-line ex-
changer. In the PTLE, the cracked reaction product
is cooled to a sufficiently low temperature fo siop
or reduce the cracking reactiéns fo a desirable
slow rate. The water generally employed as a cool-
ing medium in the PTLE is converted o a
waier/sieam mixiure at a high pressure. This gen-
erated water/steam mixiure can subsequenily be
used to generaie high pressure steam for use as a
source of energy and/or heat. In the STLE, the
cracked reaction product is further cooled. The
water employed as a cooling medium in the STLE
is converted to a water/steam mixture at low pres-
sures. )

in the cracking of a hydrocarbon, the pressure
drop from initial feed of the hydrocarbon to the
cracking furnace uniil final quenching is critical.
Specifically, a low pressure drop throughout the
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system permits improved cracked gas yields. In
the current cracking operations, particularly those
systems using a PTLE in combination with an
STLE, the cooling of the cracked hydrocarbon re-
action product is a source of considerable pressure
drop.

Accordingly, the present invention is a transfer-
line exchanger and a method for cooling of a fluid
such as a cracked reaction product which reduces
the pressure loss caused by the cooling operation
and permits the effective use of the cooling media
as a source of heat and/or energy. Specifically, the
transfer-line exchanger of the present invention is a
shell and tube type heat exchanger having two or
more separate heat exchanging sections but only
one inlet and one collection header, the separate
sections being joined by intermediate tubes.

More particularly, the present invention is an
improved transfer-line cooler which comprises two
shell and {ube heat exchange sections each having
tube(s), tube sheets and shells, wherein the tube-
(s) of the first heat exchanger communicate a high
temperature fluid being cooled to corresponding
tube(s) in the second heat exchange section
through intermediate tube(s), wherein the improve-
ment comprises the intermediate tubes being posi-
tioned loosely in gude sleeves, the intermediate
tubes being contained within a tight compartment.
Preferably the guide sleeves are located on the
fube sheets at the nearest ends of the shells of the
two heat exchanger sections. Such a transfer line

exchanger typicaily comprises an inlet header,.a -

collection header and two heat exchanging sec-
tions. The inlet and collection headers are in fluid
communication with each other by means of the
tube or plurality of tubes (i.e., a tube bundle) for
carrying the higher temperature fluid. Each tube
passes through its heat exchanging zone and is
open at its two ends. Each end of each tube is
secured to a tube sheet. At the inlet of the first
section, the tube sheet and tube(s) are in fluid
communication with the inlet header. At the exit of
the second section the tube end is secured to a
second tube sheet in fluid communication with the
collection header. In addition to the tube or tube
bundle, the first heat exchanging zone of the heat
exchanging section comprises an inlet and an out-
let for a first cooling medium and a defined space
for the passage of the first cooling medium through
the first heat exchanging zone such that the cooling
medium contacts at least a portion of the length of
the tube or tube bundle containing the higher tem-
perature fluid extending through the first heat ex-
changing zone. The second heat exchanging zone
comprises an inlet and an outlet for a second
cooling medium and a defined space therein for
the passage of the second cooling medium from
the second inlet to the second outlet such that the
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second cooling medium contacts a portion of the
tube or tube bundles containing the high tempera-
ture fluid extending through the second heat ex-
changing zone.

A third or "dummy™" tube which is not mechani-
cally bonded to either tube portion is positioned in
guide sleeves between the first and second tube
exchanging zones and provides fluid communica-
tion between the first and second tube portions.

In another aspect, the present invention is an
improved process for cooling a cracked reaction
product from a cracking furnace which comprises
supplying the cracked reaction product to a two
stage transfer-line cooler which comprises two shell
and tube heat exchange sections each having tube-
(s), tube sheets and shells, wherein the tube(s) of
the first heat exchange section communicate the
high temperature cracked reaction product being
cooled to corresponding tube(s) in the second heat
exchange section through intermediate tubes.
Preferrably the intermediate tubes are positioned
loosely in guide sleeves which are located on the
tube sheets at the nearest ends of the shells of the
two heat exchange sections and the intermediate
tubes are contained within a tight compartment. In
said method, the reaction product of a hydrocarbon
cracker flowing through the tube or tube bundle is
sequentially cooled by a first cooling medium at a

-first temperature flowing around the first-heat ex-

changing zone or compartiment and then with a
second cooling fluid at a second temperature which

- is-less than the temperature of the first cooling fluid

flowing around the second portion of the tube or
tube bundle in the second heat exchanging zone or
compartment.

Using the double zone, transfer-line exchanger
of the present invention, the temperature of a fluid
can quickly and effectively be reduced to a lower
temperature. Specifically, the efficiency of the heat
exchanging operation is effectively increased by
sequentially cooling the high temperature fluid us-
ing two or more cooling fluids having different
temperatures. Moreover, when using water and/or
steam as the cooling fluid in one or both of the
heat exchanging zones or compartments, by prop-
erly selecting the pressure and temperature of the
cooling fluid(s), the steam or water/steam mixture-
(s) having a desired temperature and pressure can
be generated in the first and second heat exchang-
ing zones or compartments. In such manner, the
overall energy efficiency of the system using the
described transfer-line exchanger can be improved.
Moreover, the pressure loss in the transfer-line
exchanger of the present invention is significantly
less than that exhibited using the combination of
primary and secondary transfer-line exchangers.
Both cocurrent and countercurrent operations are
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possible using the transfer-line exchanger of the
present invention. In addition, the exchanger can
be employed vertically, horizontally or even at an
angle.

Due to the increased efficiency of the de-
scribed transfer-line exchanger, a single iransfer-
line exchanger having two separate heai exchang-
ing zones can effectively be employed in various
cooling operations, including the cooling of a
cracked reaction product exiting from a cracking
furnace. In fact, the fransfer-line exchanger of the
present invention can be employed to cool the
cracked reaction product to the same or lower
temperature using significantly less physical space
and capiial expenditure than a combination of a
primary transfer-line exchanger followed by a sec-
ondary transfer-line exchanger.

Understanding of the invention and its various
embodiments is facilifated by reference to accom-
panying drawings in which

Fig. 1 is a general schematic representation, in
cross-section, of the transfer line exchanger of the
present invention;

Fig. 2 is a schematic representation, partly in
cross-section, of a portion of the exchanger de-
picted in Fig. 1, and depicts the first and second
portions separated by the third ("dummy”) tube
which is not physically bonded to sither tube por~
tion; :
Fig. 3 is a sechematic representation, in cross-
section, of a portion of a transfer-line exchanger of

_. the present invention.having double iube..configura-

tion; and

Fig. 4 is a schematic representation, partly in
cross-section, of a side-view portion of the double
tube type fransfer-line exchanger depicted in Fig. 3
illustrating, in more detail, the connections between
the first and second heat exchanging zones or
compariments of the fransfer-line exchanger.

One embodiment of the double zoned, transfer-
line exchanger of the present invention is -
schematically illusirated in Figs. 1 and 2. The illus-
trated {ransfer-line exchanger consists of a first
heat exchanging zone or compartment 20 and a
second heat exchanging zone or compariment 30
separated by zone 10 in Figure 1. The fransfer-line
exchanger further comprises an inlet or distribution
header or chamber 29 and an outlet or collection
header or chamber 39.

Extending from a first iube sheet 23 through
the first heal exchanging zone or compartment 20
to & second tube sheet 23a and then from a first
tube sheet 33 through the second heat exchanging
zone or compariment 30 and fo a second tube
sheet 33a are a plurality of conduits (e.g., tubes)
24. The plurality of conduits or tubes 24 is com-
monly referred to as a tube bundle. The conduits
24 are secured, generally by welding or brazing, to
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the tube sheets. Although the tube sheets 23 and
33a are depicted as flat plates in the illustrated
embodiment, the distribution and collection head-
ers 29 and 39, respectively, can comprise a variety
of different shapes. Specifically, cylindrical disiribu-
tion and collection headers such as described in
U.S. Patent No. 4 191 247; 4 163 473 and 4 336
642 can be employed. Aliernatively, a spherical
distribution or collection chamber can also be em-
ployed.

The conduits are open at both ends and are in
fluid communication with an inlet conduit 22 via the
distribution header 29 and in fluid communication
with an outlet conduit 32 via the collection header
39. In Fig. 1, the conduits 24 are shown fo occupy
only a part of the heat exchanging zones or com-
parimenis 20 and 30. in the aciual fabrication of
the fransfer-line exchanger, conduits 24 will occupy
much of the cross-sectional area defined within the
heat exchanging zones or compartments. Prefer-
ably, the conduits 24 exiending through the first
and second heat exchanging zones or compari-
menis are supporied by some adequate means -
(not shown) at various points throughout the zones
or compartments. Such means are well-known in
the art and reference is made thereto for the pur-
poses of this invention.

The actual heat transfer is conducted in the
first and second heat exchanging zones or com-
pariments 20 and 30. in the first heat exchanging
zone, the higher temperature fluid is initially cooled

~to--a -fower—{iemperature: In the -transfer-line” ex-

changer depicted in Fig. 1, the first zone 20 is
defined by the housing or shell 21 and the tube
sheets 23 and 23a. Conduiis 25 and 26 are pro-
vided in zone 20 for the iniroduction and removal
of the first cooling fluid from the heat exchanging
zone or compartment 20. Whether conduit 25 or 26
is an inlet or an outlet for the first cooling fluid is
dependent on the type of operatfion, i.e., whether
the heat exchanger is employed in a cocurrent or
countercurrent type operation. For example, in
countercurrent operation conduit 26 will act as an
inlet and conduit 25 as an outlet for the cooling
fluid. However, the transfer-line exchanger is nor-
mally more advantageously operated cocurrently.
In this case, the conduit 25 acts as an inlet for the
first cooling fluid and conduit 26 as an ouilet for
this fluid. In the transfer-line exchanger depicted in
Fig. 1, the narrow spaces 27 defined by adjacent
conduits 24 and the shell 21 provide for the pas-
sage of the first cooling fluid through the first heat
exchanging zone or compariment of the transfer-
line exchanger and the required contact between
the first cooling fluid and the tubes or conduifs
carrying the higher temperature fluid.
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The second heat exchanging zone or compart-
ment 30 comprises that zone of the transfer-line
exchanger wherein the partially cooled fluid running
through tubes 24 is further cooled with a second
cooling fluid. In general, the second cooling fluid is
of a lower temperature than the cooling fluid used
in the first heat exchanging zone or compartment
20. In the embodiment depicted in Fig. 1, the
second heat exchanging zone or compartment 30
is defined by shell 31 and tube sheets 33 and 33a.
Conduits 35 and 36 are provided for the introduc-
tion and removal of the second cooling fluid to and
from the heat exchanging zone or compartment 30.
In the normal cocurrent operation, conduit 35 acts
as an inlet for the second cooling fluid whereas
conduit 36 acts as an outlet. The space is defined
by adjacent conduits 24 and the shell 31 provides
for the passage of the second cooling fiuid through
the second heat exchanging zone or compartment
30 of the transfer-line exchanger and the required
contact between the second cooling fluid and the
tubes carrying the partially cooled, higher tempera-
ture fluid.

In the operation of the transfer-line exchanger
depicted in Fig. 1, the tubes 24 carry the higher
temperature fluid and the shell portions of heat
exchanging zones 20 and 30 carry the lower tem-
perature fluids. In this manner, the fluid flowing
through the tubes is cooled by-the transfer of heat
through the tube to the lower temperature fluid
flowing through the shell of the transfer-iine ex-

changer. The heat exchange-operation;-in-sither -or - -

both the heat exchanging zones, can be conducted
using cocurrent or countercurrent techniques. In
general, in the {iransfer-line exchangers of the
present invention, cocurrent techniques are most
advantageously employed in both heat exchanging
zones or compariments and, for purposes of ii-
lustration, the operation of the fransfer-line ex-
changer depicted in Fig. 1 will be described with
reference to cocurrent heat exchange operation. In
such operation, the higher temperature fluid such
as the cracked reaction product is flowed from inlet
22 into the distribution or inlet header 29. The flow
of this higher temperature fluid is indicated by the
arrow identified by numeral 61. The higher tem-
perature fluid flows, as indicated by the arrows 62,
from distribution header 29 into the conduits 24
and, via conduits 24, through the heat exchanging
zones 20 and 30.

At or near the entrance of the high temperature
fluid into the first heat exchanging zone 20, a first
cooling (i.e., lower temperature) fluid is conducted,
as indicated by the arrows identified by numerals.
63 and 64, via inlet conduit 25 into the space 27
defined by adjacent conduits 24 and conduits 24
and shell 21. The lower temperature fluid flows
through the space 27 cocurrently with the flow of
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the higher temperature fluid through the conduits
24. The higher temperature fluid is cooled as it
flows through conduits 24 by the lower temperature
fluid flowing through space 27. The lower tempera-
ture fluid flows from the first heat exchanging zone
20, as indicated by the arrows identified as 65 and
66, via outlet conduit 26.

The partially cooled, high temperature fluid is
flowed from the first heat exchanging zone 20 into
the second heat exchanging zone 30. At or near
the inlet of the conduits 24 into the second heat
exchanging zone 30, a second cooling fluid, gen-
erally at a lower temperature than the first cooling
fluid, is flowed, as indicated by the arrows iden-
tified by numeral 67, via inlet conduit 35, into the
heat exchanging zone 30 and through space 37
defined by adjacent conduits 24 and conduits 24
and shell 31, as indicated by the arrow identified
by numeral 68, cocurrently with the flow of the high
temperature fluid through the conduits 24. As the
two liquids flow cocurrently through the heat ex-
changing zone 30, the high temperature fluid is
further cooled by the lower temperature cooling
fluid flowing through space 37. The second cooling
fluid flows, as indicated by arrows identified by the
numerals 69 and 70, from the second heat ex-
changing zone via outlet conduit 36. As indicated
by the arrows identified by numerals 71 and 72,
-the -now cooled high™ temperature fluid is flowed
from conduits 24 to the coliection header 38 and
from the collection header 39 from the transfer-line

--exchanger via-outlet conduit 32.

In the operation of the described transfer-line
exchanger, it is often desirable for the cooling (i.e.,
lower temperature fluid) to undergo a phdse
change as its flows through the fransfer-line ex-
changer. Specifically, in the cooling of a cracked
reaction product, water or a water/steam mixture is
advantageously empioyed as the cooling fluid for
cooling the high temperature, cracked reaction
product and the water in the cooling fluid is vapor-
ized to form steam during the heat exchanging
operation. By properly selecting the temperature
and pressure of the cooling medium, steam of a
desired temperature and pressure can be formed
by the evaporation of the water during the heat
exchanging operation. For example, in the cooling
of a cracked hydrocarbon product having a tem-
perature from 750° to 900°C, in the first heat
exchanging zone, high pressure steam (e.g., steam
having a pressure of from 40 to 120 bar) can be
produced using water at its boiling temperature and
pressure as the cooling fluid in that zone. Alier-
natively, in the second heat exchanging zone, the
partially cooled, cracked reaction product, having a
temperature from 450° to 650°C can be further
cooled to produce lower pressure steam (e.g.,
steam having a pressure from 3 to 35 bar).
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The tubes 24 in the fransfer line exchanger
depicted in Fig. 1 are illustrated as being continu-
ous from the first tube sheet 23 to the second tube
sheet 33a. Due io the fact that the two cooling
fluids in a transfer-line exchanger of the present
invention are of different temperatures, thermal
stresses can occur in the tubes if a single tube was
to be employed to carry the high temperature fluid
over the entire length of the transfer-iine exchanger
or if the separaie tubes of sediion 10 were me-
chanically fixed or welded at both ends. In the
present invention the transfer-line exchanger is de-
signed such that the thermal stresses do not cause
significant problems in cases, e.g., the cooling of a
cracked reaction product, where the two cooling
fluids have significantly different femperatures. In
such cases, it is desirabie to compensate for the
thermal siresses developed in the tube(s). Although
there are a number of different methods by which
these thermal stresses can be reduced, the method
of particular interest is the joint depicted for use at
the enirance to a cooling section as described in
European Patent Application, Publication No. 0 089
742 and is used in the transfer line exchanger of
the present invention in Fig. 2.

Specifically, Fig. 2 depicts that the tubes 24
are npt continuous over the length of both the first
and second heat exchanging zones 20 and 30. In
Fig. 2, the tubes are discontinuous with a first

~portion 24A extending through the first heat ex-

changing zone 20 and a second portion 24B ex-

_ tending through.the.second heat excharging zone- -

30. In the intermediate zone 10, a third or inter-
mediate poriion 24C of the tube provides fluid
communication between iube poriions 24A and
24B. The intermediate tube 24C is not physicaily
connected to either tube portions 24A or 24B (ie.,
a fotally loose connection is provided between
tubes 24A, 24B and 24C) and is preferably of the
same or substantially the same diameter as the
tube portions 24A and 24B. Due to the fact that the
tube portions 24A, 24B and 24C are not physically
connected, thermal siresses developed during op-
eration of the fransfer-line exchanger are reduced.
Moreover, this can be achieved without a signifi-
cant and undesirable pressure drop.

More specifically, Fig. 2 depicts the outlet end
of the first heat exchanger zone 20 and the inlet of
the second heat exchanger zone 30 of the transfer-
line exchanger depicied in Fig. 1. The depicted
portion of the first heat exchanger zone comprises
tubes 24A which terminate at or near the outlet of
the first heat exchanger zone 20. The depicted
portion of the second heat exchanger zone 30
comprises tubes 24B which terminate at or near
the inlet end of the second heat exchanging zone
30. A tube 24C of the same size and shape as
tubes 24A and 24B is placed between the ends of
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tubes 24A and 24B. The tube 24C is of a length
such that it is slightly shorter than the length be-
tween the ends of tube 24A and 24B. Guide
sleeves or rings 11 and 12 fixed on tube sheets
23a and 33 enclose or encircle a part of the length
of each tube 24C at that point where 24C meet the
ends of tubes 24A and 24B respectively. The guide
sleeve 11 is designed to correctly position the
intermediate tube 24C in relation to fubes 24A and
24B. in addition o or as a supplement to the guide
sleeves, a guide or support baffle {(not shown) can
also be employed for this purpose.

Due to the loose connection between tube 24C
and tubes 24A and 24B, the high temperature fluid
flowing through the tubes will leak from the tubes.
To prevent excessive leakage, the intermediate
tubes are positioned within a tight compartment.
For example, in the transfer line exchanger de-
picted in Fig. 1, using the loose intermediate tubes
to reduce thermal siresses, as opposed to continu-
ous tubes extending, without interruption through
both heat exchanging zones, the intermediate zone
or compartment 10 defined by tube sheets 23a and
33 and flanges 13 and 14 forms a tight compart-
ment having no or essentially no leakage o the
environment. In addition to preventing leakage to
the environment, once sufficient amounts of the
high temperature fluid leak, via means of the lcose
connection, beiween tubes 24A, 248 and 24C, into
compartment 10, the pressure in the tubes and the
tight compariment 10 equalizes, at which point,

-- .- - further leakage through the tube ceases - :

35

50
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Fig. 3 depicts a tfransfer-line exchanger of the
present invention having "double tube” type con-
duits for the heat exchange operation. Although the
double tube type conduits can be placed in an
outer shell, no outer shell encompassing the tube
bundle is conventionally employed. The depicted
transfer-line exchanger of the double tube type
arrangement comprises a first heat exchanging
zone 40, a second heat exchanging zone 50 and
an intermediate zone 110. An inner conduit 43 for
carrying the higher temperaiure fluid extends
through the first heat exchanging zone 40, the
infermediate zone 110 and the second heat ex-
changing zone 50.

As illustrated in greater detail in Fig. 4, the
conduit 43 is discontinuous with a first portion 43A
extending through the first heat exchaning zone 40,
a second portion 43B extending through the sec-
ond heat exchanging zone 50 and an intermediate
portion 43C extending between 43A and 43B in the
compartment 110. In the first heat exchanging zone
40, the conduit 43A is enclosed by outer conduits
42 which carry the lower temperature or cooling
fluid. At opposite ends of conduit 42 are an inlet or
distribution pipe or header 41 for receiving the first
cooling fluid and an outflet or collection pipe or
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header 44 for removing the first cooling fluid. in the
second heat transfer zone 50, outer conduits 52 for
carrying the second cooling fluid enclose the sec-
ond tube portion 43B. At oppposite ends of the
outer conduits 52 is an inlet or distribution pipe or
header 51 for distributing the second cooling fluid
to the outer conduits 52 and an outiet or collection
pipe or header 54 for removing the second cooling
fluid. The depicted transfer line exchanger also
comprises a distribution header 45, connected to
an iniet 46, for distributing the high temperature
fluid through the inner conduits 43 and a collection
header 55, connected to outlet 56 for collecting the
cooled, high temperature fluid flowing from the
conduits 43.

In the intermediate zone 110, the thermal
stresses occurring in the tubes 43 due to the
different temperatures of the first and second cool-
ing fluids are reduced in a manner similar to that
described hereinbefore. This is illustrated in Fig. 3
and, in more detail, in Fig. 4 which depicts a
portion of the outlet end of the first heat exchang-
ing zone 40, the inlet end of the second heat
exchanging zone 50 and the intermediate zone
110. The inner conduit 43A, is terminated at or
near the outlet of the first heat exchanger zone 40.
Similarly, the conduit 43B terminates at-or near the
inlet end of the second heat exchanging zone 50. A

- conduit 43C having the same. or-essentally the -

same size and shape as conduit 43A and 43B is
placed between the end of conduit- 43A and -the

end of conduit 43B.- The-conduit-43G-is-6f a length--

such that it is slightly shorter than the length be-
tween the ends of conduits 43A and 43B. Guide or
ring sleeves 150 and 152 enclose or encircle a
small portion of each end portion of conduit 43C at
that point where conduits 43A and 43C and 43B
and 43C meet.

In the operation of the described "double tube"
type transfer-line exchanger, the high temperature
fluid is flowed, as indicated by the arrow identified
by numeral 80, via the inlet 46 to distribution head-
er 45. From distribution header 45, the high tem-
perature fluid flows into the inner conduits 43 ex-
tending through the first heat exchanging zone 40.
A first cooling fluid is flowed, as indicated by the
arrows identified by numeral 81, from the first
distribution pipe 41 through the outer conduits 42
cocurrent with the high temperature fluid flowing
through inner conduits 43. As the cooling fiuid
flows through the outer conduit 42 it cools the high
temperature fiuid flowing through the inner conduit
43 and is simultaneously heated. The cooling fluid
then flows, as indicated by the arrows identified by
numeral 82, from the outer conduit 42 into the first
collection pipe 44. This cooling fluid, which has
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been heated and/or undergone a phase change in
the heat transfer operation then flows from the
transfer-line exchanger to a collection point for fur-
ther use in producing energy or heat.

The now partially cooled high temperature fluid
flows from the first heat exchanging zone 40
through the intermediate compartment 110 into the
second heat exchanging zone 50. As indicated by
the arrows 85, a second cooling fluid is flowed from
the second distribution pipe 51 through the outer
conduits enclosing conduits 43 in the second heat
exchanging zone cocurrent with the flow of the
partially cooled, high itemperature fluid. As the
cooling fluid flows through the outer conduit 52, the
high temperature fluid is further cooled while the
cooling fluid is heated. The cooled high tempera-
ture fluid flows, as indicated by the arrow identified
by numeral 90, from inner conduit 43 into a collec-
tion header 55 and from the transier line exchanger
via outlet 56. The second fluid flows, as indicated
by arrows 88, from the outer conduit 52 into collec-
tion pipe 54. From the second outlet header, the
cooling fluid which has been heated to a higher
temperature and/or undergone a phase change, is
passed from the transfer-line exchanger for further
use in the production of heat and/or energy.

With regard to the individual components of the
transfer-line exchanger, the size and shape of the

- transfer-line exchanger, the first and second heat

exchanging zones or compartments, and each ele-

- ment thereof, e.g., the conduits, tube sheets and
~housings; are selected-on the basis of the énd use

application and operating conditions of the heat
exchanger, including fluctuations in temperature
and pressure expected in the operations using the
transfer-line exchanger.

The materials employed in preparing each of
the component parts of the transfer-line exchanger
are dependent on a variety of factors including the
specific fluids employed and the temperatures and
pressures and the materials of construction are
selected accordingly. Since the heat exchanger is
particularly useful in cooling the cracked reaction
product of a hydrocarbon cracker, the high tem-
perature fluid will have an initial temperature of
from 700 to 11000C or greater. Therefore, the
transfer-line exchanger and its component parts
must be constructed accordingly. At these tem-
peratures, nickel and nickel-based steel alioys and
steel alloys of chromium and molibdinum can be
employed in constructing the transfer-line exchang-
er. In general, steel alloys with molibdinum are
sufficient in most applications.
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Claims

1. An improved ftransfer-line which comprises
two shell and tube heat exchange sections each
having tube(s), tube sheets and shells, wherein the
tube(s) of the first heat exchanger communicate a
high temperature fluid being cooled to correspond-
ing tube(s) in the second heat exchange section
through intermediate tube(s), wherein the improve-
ment comprises the intermediate tubes being posi-
tioned loosely in guide sleeves, the intermediate
tubes being contained within a tight compartment.

2. The cooler according to claim 1 wherein the
guide sleeves are located on the tube sheets at the
nearest ends of the shells of the two heat exchange
sections.
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3. An improved process for cooling a cracked
reaction product from a cracking furnace which
comprises supplying the cracked reaction product
to a two stage fransfer-line cooler which comprises
two shell and tube heat exchange sections each
having tube(s), tube sheeis and shells, wherein the
tube(s) of the first heat exchange section commu-
nicate the high temperature cracked reaction prod-
uct being cooled to corresponding tube(s) in the
second heat exchange section through intermediate
tubes.

4. The process according to claim 3 wherein
the intermediate tubes are positioned loosely in
guide sleeves which are located on the tube sheets
at the nearest ends of the shells of the two heat
exchange sections and the intermediaie tubes be-
ing contained within a tight compartiment.
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