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Application September 10, 1954, Serial No. 455,322
8 Claims. (Cl. 122—379)

The present invention relates to gas generation, and

= more particularly to the generation of synthesis gas for
the catalytic synthesis of hydrocarbons, oxygenated hydro-
carbons and mixtures thereof.

Generally, the invention relates to a unit in which there
is high temperature generation of synthesis gas in a re-
fractory lined reaction chamber. This gas generation
takes place at high pressures and temperatures, and, as
an example, it is effected by the controlled combustion
of carbonaceous material such as coal, oil, or natural
gas, with substantially pure oxygen in appropriate pro-
portions for partial combustion. The gases resulting from
this reaction or combustion include high yields of hydro-
gen and carbon monoxide in essentially pure form. Be-
cause of the high pressure of the gases entering the re-
action zone, the latter, as well as the remainder of the
unit is included within a pressure vessel with the reaction
zone or reaction chamber disposed toward one end of
the pressure vessel where the reaction components such
as methane and pure oxygen enter at substantial pres-
sures. In the initial part of the reaction zone tempera-
tures may theoretically be as high as 4000° F. Because
of the high pressures of the gaseous elements in the re-
action zone, and because of the high percentage of hy-
drogen in the products of the reaction, the latter have
high specific heat and high thermal conductance. Be-
cause of all of the above indicated concurrent conditions
in the reaction zone, this zone is protected by a chamber
which has a high temperature refractory lining. Other-
wise the high heat release and high temperatures within
this zone would present difficult if not. impossible prob-
lems of heat transfer. : : :

It is important in the illustrative unit that its end re-
sult involves a high yield of hydrogen and carbon monox-
ide. This result is promoted in the cooling of the gas
efflux from the reaction zone, at a rapid rate. This
cooling takes place preferably in a cooling section of
the unit which involves a convection heat exchanger. The
cooling in this zone is carried below the range at which
‘product reversion and undesired secondary reaction oc-
cur. Itis also carried to a temperature level of the order
of 600° to 650° F. which is suitable for charging directly
to a subsequent hydrocarbon synthesis reaction to form
the desired final hydrocarbon product in the overall equip-
ment of which the illustrative umit is a part.

In the cooling section of the illustrative unit the partial
combustion products from the reaction chamber pass
across a multiplicity of longitudinally extending tubes
containing water or other coolant, the combustion prod-
ucts thereby transferring their heat energy by indirect

heat exchange to the coolant, and generating steam or
other high pressure vapor.

In the illustrative apparatus the tubes of the heat ex-
changer are arranged in an upright gas pass of annular
cross section. These upright tubes communicate at their
lower ends, and at a position near the outlet of the re-
action chamber, with a ring header, and their upper ends
are connected to a similar ring header at an upper part
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of the cooling section. The inner wall of the annular
gas pass is provided by a hollow core or basket formed
by the helical tubes of a plurality of parallel forced flow
circuits having water or other coolant pumped there-
through. The external wall of the annular gas pass is
preferably formed by a ring of large diameter vapor gen-
erating tubes, each tube having disposed concentrically
therein a tube for conducting a soot blowing fluid under

- suitable temperature and pressure conditions for the sup-

ply of soot blowing fluid to jets which extend through
the walls of the outer tubes and are directed toward the
ring of heat exchange tubes disposed within the annular
gas pass. The tubes of this ring of outer tubes are pref-
erably welded together throughout the length of the gas
pass and within the annular zone outside of this ring of
large diameter tubes and between that ring and the
pressure vessel there is an annular space in which large
diameter downcomers are disposed. These downcomers
are connected at their lower ends to the lower ring headex
which is disposed adjacent the exit of the reaction zone.

The tubes of the circular bank of heat exchange tubes
disposed within the annular gas pass are particularly ar-
ranged with reference to the direction of the scot blowing
jets. There are two upright rows of jets for each soot
blower tube and the jets of these separate rows are di-
rected along divergent lanes between the rows of heat
exchange tubes. The effectiveness of the scot blowing
action of the jets is further increased by the fact that
the lanes between the tubes are intersecting, and also by
the fact that the soot blowing jets are arranged to be
effective in these intersecting lanes.

Because of the heat transfer and gaseous conditions
within the unit it is important that the heat transfer
elements of ‘the cooling sections of the unit be readily
removable and replaceable for the purposes of repair and
normal maintenance. To this end the upper part of the
unit consists of a plurality of separable sections. The
uppermost of these sections is a dome for the unit, and
between the dome and the main section of the unit or
pressure vessel there is an intermediate pressure vessel -
section normally detachably joined to the dome and the
lower section in pressure-tight relationship. This inter-
mediate section has provisions. whereby it carries or
supports all of the fluid conducting elements for the gas
cooling section. Such elements include large diameter
tubes communicating at their lower ends with the upper
ring header and extending to an elevated position within
the intermediate section of the casing. At this position
they are bent outwardly so as to extend through the cas-
ing. They preferably lead to an external vapor and liquid
separating drum in which the liquid of the mixtures dis-
charging from the heat exchange elements of the cooling
section is separated and is returned to the lower ring
header by the downcomers.. These downcomers also ex-
tend through the wall of the intermediate casing section
and are supported thereby. Also extending through the
wall of the intermediate section of the casing are tubu-
lar connections for the forced circulation of fiuid to the
coils of tubes constituting the core or basket forming the
inner wall of the annular gas pass. All other comnec-
tions for the fluid conducting elements of the cooling
sections also pass through the wall of this intermediate
section. i

The invention as represented by features of the illustra-
tive unit will be clearly and concisely set forth in the
appended claims, but for a more complete understanding
of the invention, its operation, its uses and advantages,
recourse should be had to the following description which
refers to. the accompanying drawings in which a preferred
embodiment of the pertinent unit is illustrated.

In the drawings: ) ]

" Fig. 1 is a two-part vertical longitudinal section through
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the illustrative unit with the right hand part of this view
showing the reaction chamber and its relation to the
cooling section, within the pressure vessel, and the left
hand part of this view showing the upper part of the illus-
trative unit; :

Fig. 2 is a horizontal cross-section on the line 2—2
of Fig. 1; )

Fig. 3 is a detail view on the line 3—3 of Fig. 2, show-
ing the manner in which the corrugated pressure vessel
liner is secured at spaced circumferential positions to the
pressure vessel or casing;

Fig. 4 is a fragmentary elevation of the arrangement
of large diameter soot blower tubes which form the outer
wall of the annular gas pass;

Fig. 5 is a detailed view showing the manner in which
the large diameter tubes of the Fig. 4 wall are related;

Fig. 6 is a detailed view showing sections of the upper
and lower ring headers and showing some of the header
connecting fluid conducting tubes, including a large diam-

cter soot blower tube and one of the downcomers disposed

externally of the annular gas pass;

Fig. 7 is mainly a vertical sectional view showing the
structure of one of the large diameter soot blower tubes;
and

Fig. 8 is a horizontal section of a soot blower tube
taken on the section line §—8§ of Fig. 7. :

The illustrative unit, as indicated in Fig. 1 includes a
pressure vessel which is divided into three barts to pro-
vide a sectional casing for the internals of the unit. The
pressure vessel includes a top dome 1@ having a manway
12. It also includes a main section or lower section 14
extending from its lower end where there is provided a
large diameter nozzle 16 for the inlet of the gaseous re-
actants to the reaction chamber 18. The unit has a
laterally directed gas outlet, as indicated at 13.

Between the lower pressure vessel section 14 and the
dome 1@ there is an intermediate section 26 separably
joined at its upper end to the dome 1¢ and at its lower
end to the lower pressure vessel section i4. - For such
separable junctures the sections of the pressure vessel in-
clude the thickened end flanges such as indicated at 22
and 24 at the ends of the intermediate pressure vessel
section 28. Aligned with the thickened section 24 is a
similar end section 26 at the upper end of the lower pres-
sure vessel section 14. These thickened sections consti-
tute flanges between the meeting faces of which there is
positioned a gasket, a ring of bolts passing through the
flanges to tighten the two sections of the pressure vessel
together and compress the gasket between the flanges 24
and 26. The dome 10 is secured in a similar manner in
pressure-tight relationship to the upper end of the inter-
mediate section 20 of the pressure vessel.

Because of the high theoretical temperature of the
initial reaction of methane and oxygen entering the inlet
of the reaction chamber through the nozzle 16, this nozzle
and iis inner extension 39, as well as the lower part of the
reaction chamber 18 is thermally protected by the cool-
ing effect of a series of helical forced flow tube coils.
These coils have helical portions lining the inner part of
the nozzle extension 30 as indicated in Fig. 1 and have
appropriate inlets such as 32—34 leading outwardly
through the wall of the nozzle 16 to a suitable pump or
pumps. At positions where these inlets pass through the
wall of the nozzle 16 they are joined thereto by appro-
priate thermal sleeve connections such as 36 and 38.
Such a thermal sleeve connection is illustrated by the pat-
ent to Rowand 2,331,932 of October 19, 1943. The sep-
arate parallel coils having the inlets-such as 32—34 have
appropriate outlets preferably leading through the pres-
sure vessel wall to the external steam and water drum
(not shown). The inlet or inlets of the pump or pumps
providing the forced circulation through the protective
coils are in communication with an appropriate supply
source,

The lower section 14 of the pressure vessel and its lower
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end are protected by an annular body of coolant extend-
ing from a position near the top of the lower section to a
position adjacent the inlet 18 for the gaseous reactants.
The annular reservoir or space for this body of coolant is
provided by the interior surface of the pressure vessel
section 14 and a corrugated metallic liner 40. This liner
is concentric with reference to the casing section and is
held in spaced relation thereto at distributed positions over
the area of the liner by metallic studs 42, one of which is
indicated particularly in Fig. 3. These studs preferably
pass through openings in the liner and are welded to the
liner as indicated at 44. At the bottom of the liner there
is an annular plate 46 with its inner circumferential edge
porticn joined inwardly to the extension 3% of the nozzle
16 and its outer edge portion joined to the lower end of
the liner to provide the additional reservoir space 48 at
the bottom of the pressure vessel. Preferably the coolant
reservoir between the liner and the pressure vessel cas-
ing section 14 is supplied with a vaporizable fluid through
a conduit 50. The flow through this conduit is preferably
controlled so as to maintain a level of the liquid within the
reservoir beneath the top of the liner 46. The reservoir
space is open at its top to the space through which the
gases flow through the intermediate pressure vessel section
26 and thence to the gas outlet 13 at the top of the dome
10. The invention contemplates an optimum condition
in which there is little if any vaporization of the liquid
within the annular reservoir.

The use of a corrugated liner instead of a flat metal
plate liner not only permits the use of metal of smaller
gage but it also provides a degree of flexibility which is
of advantage under the different temperature conditions
which may exist at times on opposite sides of the liner.

The heat transfer rate from the high temperature gases
within the reaction chamber 18 may be of the order of
250,000 B. t. u. per square foot of surface and this is of
such a magnitude that a flat liner in place of the corru-
gated liner 49 would be over-stressed and possibly dis-
rupted in the event of a break in the refractory wall 52.

The gas cooling section of the illustrative unit above
the reaction chamber 18 includes a convection heat ex-
changer having a ring shaped bank of horizontally spaced
upright tubes 54 arranged within an annular gas pass,
the tubes communicating at their lower ends with a lower
ring header 56, and at their upper ends with an upper
ring header 58. The gaseous efflux from the reaction
chamber 18 passes upwardly through the central opening
provided by the ring header 56 and into the inlet cham.
ber 60 which is in communication with the superposed
annular gas pass. To prevent the over-heating of the
metal of the header 56 by the high temperature gases
passing through the opening of the ring header 58, the
lower and inner surfaces of the header are shielded by
one or more helical coils of tubes through which a
coolant such as water is pumped. These coils are pref-
erably arranged in parallel flow relationship leading from
a pump or pumps and having their outlets connected to
an external steam and water drum from the water space
of which other conduits lead to the inlet or inlets of the
pump or pumps. The coils, indicated by the numerals
62 and 64, are preferably arranged in tube to tube re-
lationship so as to form a practically continuous wall
interposed between the high temperature gases and. the
header 56. The contiguous tube sections are also pref-
erably welded together throughout their shield lengths.
As shown in Fig. 1 the upper end of this wall as formed
by the forced circulation coils forms, with the inner and
upper surfaces of the header 56 a groove or pocket in
which there is disposed high temperature refractory
material 66. To afford appropriate connections from the
outlets of the coils such as 62 and 64 to suitable com-
ponents of the heat exchanger system and to afford other
similar connections to the inlets of the coils, the inlets
may commuricate with tubes such as 79, indicited at
the upper left-hand part of Fig. 1 -extending through: the:
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O wall of the intermediate pressure vessel section 20 through
" the ‘thermal sleeves 72 such as above referred to.  The
+ other ends of the coils are connected to other tubes such
Q as 74 leading through the wall of the intermediate
o bressure vessel section 20 and through other thermal
8 sleeve 76, it being understood that there may be a ring
of tubes such as 70 and 74, dependent upon the numiber
= of coils such as 62 and 64. i
@ The outer wall of the annular gas pass leading up from
+ the inlet chamber 60 is provided by a row of -large
@© diameter soot blower tubes 80. These tubes are the
" outermost row of tubes which directly connect the upper
%ring header 58 with the lowet ring header 56. These
Z adjacent tubes conmtacting each other or arranged in
— closely spaced relation. They are preferably held in
.. their tube to tube and wall forming relationship by line
O welds in the grooves therebetween externally of the wall
= formed by the tubes. Such a longitudinal weld is indi-
c cated at 82 in Figs. 4 and 5.

The structure and arrangement of the soot blower
tubes 80 is indicated specifically in Figs. 2, 4, 5, 6, 7
and 8.

Figs. 6 and 7 of the drawings indicate the specific
structure of each one of the soot blower tubes 80. As
here indicated the upper end of each tube 80 is swaged
down to a smaller diameter to present its outlet section
83, connected directly to the upper ring header 58. The
lower end of each soot blower tube has welded thereto an
inlet section 84 of smaller diameter, as particularly indi-
cated in Fig. 7.

Disposed within the main section of each soot blower
tube 80 is a tube 86 of smaller diameter leading through
the juncture of the outlet section 83 and the main sec-
tion of the tube. This inner tube 86 is supplied with
a soot blowing fluid through the conduit 86A which is
united with a similar conduit at the position of the thermal
sleeve 88 where the soot blowing fluid is conducted
through the wall of the intermediate pressure vessel sec-
tion 20. Externally of the unit these soot blower tubes
are connected to a suitable source of a soot blowing fluid
of effective temperature and pressure. The inner tube
86 is held in concentric relation to the outer tube 80
as indicated in Fig. 8. This figure discloses. a series of
spacers or studs 90—92 preferably welded at their inner
ends or margins to the inner tube 86. The interior of
each of the tubes 86 is in communication with a series
of soot blower jet structures such as 94—97 distributed
over the face or side of the soot blower tube facing the
tubes 54. Each soot blower jet structure includes a
short tubular element 98 extending through an opening in
the wall of the tube 80 and communicating through the
orifice 100 with the interior of the tube 86. The outer
end of the tubular element 98 is preferably welded to the
exterior of the tube 80 as indicated in 102, and the inner
end of this element is united with the inner tube by
the weld 104 which may be drilled after the deposit of
the weld metal to form the orifice or bore 100. ,

Each soot blower element has two longitudinal. rows
of radially directed jet structures divergently directing
jets of soot blowing fluid into lanes formed by the heat
exchange tubes in the annular space between the circular
wall formed by the soot blower structures and the hollow
cylindrical core 120. The alignment of the lanes between
these fluid heat exchange tubes with the soot blowing
jets is indicated by the lines A, B, C,D and E of Fig. 2,
and also by the second set of lines F, G, H, J and K
in Fig. 2. The effectiveness of the soot blowing action
is increased not only by this row or laning arrangement
of the fluid heat exchange tubes, but it is also materially
enhanced by the arrangement of annular jets and inter-
secting lanes or rows between the fluid heat exchange
tubes. In this way the removal of solid particles from
the tube is effected on opposite sides of each of the
tubes. :

tubes are arranged in tube to tube relationship with the-
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The headers 56 and 58 and their connected tubes and
associated structure are pendently supported by upright
large diameter conduits such as 106 and 108 extending
to positions in the upper part of the intermediate pressure

“ vessel section and then extending outwardly through its

wall as indicated at 110 and 112. These tubular elements
may be considered as steam risers which conduct the
steam and water mixtures from the upper header 58 fo a
steam and water separating drum or other separating
apparatus disposed externally of the unit and preferably
at an elevation above the elevation of the tops of the
conduits 106 and 108. The liquid separated from such
mixtures in the external separator is conducted to the
lower ring heéader 56 by the downcomers 114." There is
a ring of these downcomers disposed in the annular space -
between the annular gas pass and the pressure vessel
wall, as clearly indicated in Figs. 1 and 2 of the draw-
ings. These downcomers are secured to the intermediate
section 20 of the pressure vessel as indicated at 116 and
are supported by this section of the pressure vessel ar
these " positions. )

The inner wall of the annular gas pass above the inlet
chamber 60 is formed by a hollow cylindrical core or
basket structure pendently supported from the intermedi-
ate section 20 of the pressure vessel by coil inlet tubes 122
leading downwardly as shown in the upper part of Fig. 1
from larger diameter conduits 124 which are secured to
the wall of intermediate pressure vessel section by the
thermal sleeve structures 126. The tubes 122 lead down-

‘wardly to the basket 120 which is formed by a plurality

of helical coils formed, in turn, by continuations of the
inlet tubes 122. The position of these helical coils is
indicated at 128. The outlets of these coils are connected
to upright pipes 130 which lead to the larger diameter
conduits 132 secured to the pressure vessel section 20
by the thermal sleeve structures 134. )

The lower end of the basket or internal core structure
120 is completed by the coils 140 of tubes which are dis-
posed in convoluted or spiral arrangement at the bottom
of the basket. The inlets of these coils are connected to
upwardly extending tubes 142 which continue to the radial
extensions 144 which, in turn, are supported by the pres-
sure vessel section 20 through the intermediacy of the
thermal sleeves 146. -Thus the entire core or basket
structure 120 is supported from the pressure vessel sec-
tion 20 so that it may be removed along with that section
and along with the other tubes of the convection heating
unit of the cooling section when the pressure vessel sec-
tion 20 is detached from the lower section and moved
upwardly. The coil tubes forming the side walls and the
lower end wall of the core or basket structure 120 may

" be maintained in their wall forming and continuous re-

lationship by welding adjacent tubes together so that
the entire structure constitutes an integral body. . These
welds are preferably continuous throughout the wall
forming parts of the coil tubes.

Disposed internally with respect to the core or basket
structure 120 and near the top thereof is an inverted
funnel structure 150, the purpose of which is to provide
for pressure equalization within the core or basket struc-
ture and the gas pass or gas outlet above the annular
bank of tubes connecting the upper and lower headers
56 and 58.

At the right hand lower part of Fig. 1 there is indi-
cated 2 manway or access structure including a body 150’

- of high temperature refractory removably disposed with-

70

%

in an opening in the wall of the refractory lining 52 for
the reaction chamber 18. The outer end of this refrac-
tory body is disposed within a sleeve or conduit part
152 which projects through an opening in the liner 40
and is preferably welded thereto for pressure tightness.
The outer end of this element 152 is closed by a plate
154 normally secured thereto in pressure tight relation-
ship in any suitable manner. The outer surface of this
plate is protected from the high temperatures of the
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reaction zofie by a foiced circuldtion cooling coil 156

hayving an inlet 158 and #n Gitlét 160.

‘Inspection of the liner 40 Thay take place ‘through in-
spection openings provided by the tubular elements 162
and 164 which are welded to the préssute vessel as clearly
indicated in Fig. 1. The flangéd outer end of these tubu-
lar elements are normaily closed in pressure tight re-
lationship by the covers 166 and 168. ) =

Whereas the irvention, in conformance with the sta-
tutes has beén clearly described with reference to the de-
tails of a preferred émbodiment théréof it is to be ap-
preciated that the invention is not necessarily limited to
all of the details of that embodiment. The invention is
rather to be taken as of a scope commensurate with the
scope of the subjoined claims.

What is claimed is:

1. In a heat exchangé unit; a vertically elongated up-
right pressure vessel having a gas outlet: a refractory lined
reaction chamber in the lower patt of the pressure ves-
sel; means within the pressure vessel providing an up-
right gas pass of annular horizontal cross section con-
ducting gases from the reaction chamber toward said
outlet; a tubular heat exchanger including an annular
‘bank of horizontally spaced upright tubes disposed within
said gas pass; said last named means including a hollow
closed bottom cylindrical core of forced flow heat ex-
changer tubes forming the inner wall of the gas pass
and a ring of said upright tubes closely arranged to form
the outer wall of the gass pass; said inner and outer tube-
formed gas pass walls extending substantially throughout
the height of said annular tube bank; a lower ring header
disposed adjacent the top of the reaction chamber and
having the lower ends of said upright tubes secured there-
to; an upper ring header having the upper ends of said
upright tubes secured thereto; and means supplying the
heat exchanger with'a vaporizable liquid.

2. In a heat exchange unit; a vertically elongated up-
right pressure vessel having a gas outlet; a refractory
lined reaction chamber in the lower part of the pressure
vessel; means within the pressure vessel providing an
upright gas pass of annular cross section conducting gases
from the reaction chamber toward said outlet; a tubular
heat exchanger including an annular bank of horizontally
spaced upright tubes disposed within said gas pass; said
last named means including a bottom closed hollow cylin-
drical core of contiguously arranged forced flow heat ex-
changer tubes forming the inner wall of the gas pass and
extending substantially throughout the height of said
annular tube bank, and a ring of said upright tubes ar-
ranged to form the outer wall of the gas pass; tubes of
said ring having soot blower jet elements directed in-
wardly of the unit; tubes of said bank being arranged
in rows with interposed lanes leading from the soot
blower jet elements; a lower ring header disposed adja-
cent the top of the reaction chamber and having the
lower ends of the upright tubes secured thereto; an upper
ring header having the upper ends of the upright tubes
secured thereto; and means supplying the heat exchanger
with a vaporizable liquid. .

3. In a heat exchange unit; a vertically elongated hol-
low cylindrical upright pressure vessel having a gas outlet;
the pressure vessel including thrée sepatable parts nor-
mally detachably secured together in gas tight relation-
ship; the pressure vessel parts inctuding a domse section, a
lower section, and an intermediate section; a refractery
lined reaction chamber in the lower section of the pres-
sure vessel; means within the pressure vessel providing
an upright annular gas pass-for unidirectional gas flow;
a tubular heat exchanger including an annular bank of
horizontally spaced upright tubes disposed within said gas
pass; means pendently supporting the Lieat exchanger from
said intermediate pressure vessel section; said heat ex-
changer also including a bottom closed hollow core of
forced flow heéat exchanger tubes forming the inner wall

of 'the gas pass and a ring of said upright fibe§ sectired’
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together in contiguols or tube-to-tube relationship to
form the outer wall of the gas -pass; said inner and outer
tube-formed .8as pass walls extending substantially
throughout the height of szid annular tube bank; a lower
ring header disposed adjacent the top of the reaction
‘chamber and having the lower ends of the upright tubes
secured thereto; an upper ring header having the upper
ends of the upright tubes secured thereto; the heat ex-
changer being substantially wholly disposed within the

cylindrical confines of the intermediate section or within

a downward extension of those confines; and means sup-
plying the heat exchanger with a vaporizable liquid. .

4. In a heat exchange unit; a vertically elongated hol-
low cylindrical upright pressure vessel having a gas outlet;
the pressure vessel including three separable parts mor-
mally detachably secured together in gas tight relation-
ship; the pressure véssel parts including a dome section,
a lower scction, and an intermediate section; a refractory
lined reaction chamber in the lower part of the pressure
vessel; means within the pressure vessel providing an
upright unidirectional annular gas pass, a tubular heat
exchanger including an aanular bank of horizontally
spaced upright tubes disposed within said gas pass; means
pendently supporting the heat exchanger from said inter-
mediate pressure vessel section; said heat exchanger also
including a closed bottom core of forced flow heat ex-
changer tubes forming the inner wall of the gas pass and
a ring of said upright tubes contiguously arranged and
welded together to form the outer wall of the gas pass;
said inner and outer tube-formed gas pass walls extending
substantially throughout the height of said annular tube
bank; a lower ring header disposed adjacent the top of the
reaction chamber and having the lower ends of the up-
right tubes secured thereto; an upper ring header having
the upper ends of the upright tubes secured thereto; the
heat exchanger being disposed substantially within the
cylindrical confines of the intermediate section or within
a downward exténsio’n of said confines; and means sup-
plying the heat exchanger with a vaporizable liquid.

5. In a fluid heat exchange unit, a vertically extending
cylindrical pressure vessel having a reaction chamber in
its lower portion and a gas outlet port in its upper: por-
tion, a vapor generating section in said vessel located
between said reaction chamber and gas outlet port and
comprising means forming a vertical heating gas pass
of horizontal anaular cross-section open at its lower and
upper ends, said means including a circular row of ver-
tical side-by-side tubular soot blower elements in tube-
to-tube relationship constructed and arranged to form the
outer wall of said annular gas pass, lower and upper ring
headers adjacent the lower and upper ends respectively
of said annular gas pass, an annular bank of vertical vapor
generating tubes in said annular gas pass spaced to form
inwardly extending lanes therebetween and having their
oppoesite ends: connected to said ring headers, and said
soot blower elements having fluid discharge openings ar-
ranged to discharge fluid inwardly through lanes between
said vapor generating tubes. .

6. In a fluid heat exchange unit, a vertically extending
cylindrical pressure vessel having a reaction chamber in
its lower portion and a gas outlet port in its upper por-
tion, a vapor generating section in said vessel located be-
tween said reaction chamber and gas outlet port and
comprising means forming a vertical heating gas pass of
horizontal annular cross-section open at ‘its lower and
upper ends, said means including a circular row of ver-
tical side-by-side tubular- soot blower elements welded
together along their lengths to form a gas-tight outer wall
of said annular gas pass, lower and upper ring headers
adjacent the lower and upper ends respectively of said
annular gas pass, an annular bank of vertical vapor gen-
erating tubes in said annular gas pass spaced to form
inwardly extending lanes therébetween and having their
Opposite ends connected to said ring headers, and said
soot blower elements having fluid discharge openings ar-
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anged to discharge fluid inwardly through lanes between
said vapor generating tubes.
« 7. In a fluid heat exchange unit, a vertically extending
Qcylindrical pressure vessel having a reaction chamber in
jts lower portion and a gas outlet port in its upper portion,
8a vapor generating section in said vessel located between
said reaction chamber and gas outlet port and comprising
‘=means forming a vertical heating gas pass of horizontal
oannular cross-section open at its lower and upper ends,
said means including a circular row of vertical side-by-
©gside tubular soot blower elements in tube-to-tube rela
“tionship constructed and arranged to form the outer wall
of said annular gas pass, said outer wall being spaced
inwardly from the cylindrical wall of said vessel, lower
and upper ring headers adjacent the lower and upper ends

:respectively of said annular gas pass, an annular bank of

vertical vapor generating tubes in said annular gas pass

Qgpaced to form inwardly extending lanes therebetween and

+ having their opposite ends connected to said ring headers,

) . . . . - .

& said soot blower elements having fluid discharge openings
arranged to discharge fluid inwardly through lanes be-
tween said vapor generating tubes, and a circular row of
downcomer tubes in the annular space between said soot
blower eclements and said vessel cylindrical wall and
having their lower ends connected to said lower ring
header.

8. In a fluid heat exchange unit, a vertically extending
cylindrical pressure vessel having a reaction chamber in
its lower portion and a gas outlet port in its upper por-
tion, a vapor generating section in said vessel located be-
tween said reaction chamber and gas outlet port and com-
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prising means forming a vertical heating gas pass of hori<
zontal annular cross-section open at its lower and upper
ends, said means including a circular row of vertical side-
by-side tubular soot-blower elements welded together
along their lengths to form a gas-tight outer wall for
said annular gas pass, said outer wall being spaced in-
wardly from the cylindrical wall of said vessel, lower
and upper ring headers adjacent the lower and upper ends
respectively of said annular gas pass, an annular bank of
vertical vapor generating tubes in said annular gas pass
having their opposite ends connected to said ring headers,

‘said soot blower elements having fluid discharge openings

therein arranged to discharge fluid between tubes of said
apnular tube bank, and a circular row of downcomer
tubes in the annular space between the outer wall of said
gas pass and said vessel cylindrical wall having their
lower ends connected to said lower ring header.
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