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5 Claims,

1

The present invention relates to gas genera-
tion, and more particularly, to generation of
synthesis gas for the catalytic synthesis of hy-
drocarbons, oxysenated hydrocarbons and mix-
tures thereof.

Broadly, the invention contemplates high
temperature generation of synthesis gas in a re-
fractory-lined chamber by the controlled com-
bustion of a carbonaceous material such as coal,
oil or natural gas, with substantially pure oxy-
gen in -appropriate broportions for partial com-
bustion, to form high yields of hydrogen and
carbon monoxide in essentially pure form. Tem-
peratures in the order of 2200-2500° F. and
above prevail within the gas generation zone,
as an essential element of pbroducing maximum
gaseous product, and the gases are discharged
at this temperature into s cooling zone in which
the product gases are rapidly cooled by indirect
exchange down to a level in the order of 600~
F. The rapid rate of cooling resulting
from effective heat exchange forestalls second-
ary reactions which result in loss of yield and
contamination of the final hydrogen-carbon
monoxide mixture.

The discharged and cooled produet gas is thus
carried below the range at which product rever-
sion and undesired secondary reactions occur, to
a temperature level suitable for charging di-
rectly to the hydrocarbon synthesis reaction to
form the desired final hydrocarbon products.

In accordance with the bresent invention, the
gas generation chamber is arranged so that the
high temperature partial combustion product
discharges directly across g multiplicity of lon-
gitudinally extending tubes containing water or
other coolant, thereafter following a sinuous
path involving a blurality of transverse pas-
sages throughout the length of the tubes, mean-
while transferring its heas energy by indirect
exchange to the coolant and generating steam
or other high pressure vapor. '

To this end, the present invention” embodies
a combined gas generator, cooler and steam
generator, in which the hot, freshly generated
synthesis gas is discharged centrally and lat-
erally into a relatively elongated and pref-
erably upstanding chamber. A plurality of in-
dividual boiler tube bundles are disposed about
the periphery of the elongated steam generation
chamber, with tubes in each bundle extending
longitudinally thereof,

BEach bundle of steam tubes preferably forms
an integral unit with respective upper and lower
headers or drums, each unit being individually
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suspended from above and provided with in-
dividual, respective water and steam pipes. The
central portion of the elongated chamber pro-
vides a space sufficient to accommodate any one
of the peripherally arranged tube bundle units,
50 that upon detachement from its supports, any
tube bundle may be swung out into this central
space and lifted through a convenient aperture
in the extremity of the chamber. As s result,
the repair, replacement and normal servicing of
the steam generation equipment is highly sim-
plified in spite of the provision of large amounts
-of cooling surface needed to enable realization
of the rapid heat exchange referred to above.

As above intimated, provision is made for in-
jecting the hot product gas laterally across the
lower extremities of the steam tubes and con-
tinuously thereafter effecting repeated lateral
traverse of the gases as they progress upwardly
in the peripheral region of the chamber occupied
by the tubes. To this end, the outlet ports of
the gas generation or combustion chamber oc-
cupy the central portion of the chamber, bound-
ed by the lower extremities of the peripherally
disposed tube bundles, so that the hot gas flow
is radially outward.

Thereabove, the steam generation chamber is
occupied by a blurality of collapsible bafies
which include vertically spaced, inwardly ex-
tending, peripheral bafies and intermediate, out-
wardly projecting central baffles. The inwardly
projecting, peripheral bafies extend from the
wall of the gas generation chamber inwardly a
substantial distance embracing a major portion
at least of the steam tubes and terminating short
of the central axis of the chamber, thus tend-
ing to direct the gases inwardly across the steam
tubes. The central bafies are composed of sepa-
rable, central sections to which are attached col-
lapsible bafle members which embrace a sub-
stantial portion of the steam tubes but terminate
short of the veripheral walls of the chamber.
The central bafiles thus direct the gas flow out-
wardly or radially across the steam tubes.

In order to describe the invention in greater
detail, reference is had to the attached draw-
ings, exemplifying one preferred, illustrated em-
bodiment, wherein

Figure 1 is an elevational view, partly in sec-
tion and partly broken away, showing the se-
lected embodiment;

Figure 2 is a top plan view of the generator
shown in Figure 1;

Figure 3 is a partial sectional view taken on

the line 3—3 of Pigure 1;
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Figure 4 is a detailed sectional view taken on
the line 4—4 of Figure 1;

Figure 5 is a vertical sectional view taken on
the line 5—%& of Figure 4;

Figure § is a partial horizontal sectional view
1ooking upwardly toward the bottom of the lower
tube bundle headers;

Figures T and 8 are respectively vertical sec-
tional details taken on the line 1—7 and line §—8
of Figure 6;

Figure 9 is a detailed vertical section on the
line 9—9 of Figure 3;

Figure 10 is a similar vertical sectional detail
on the line 18—10 of Figure 4; and

Figures il and 12 are perspeetive views re-
spectively of the inwardly extending, peripheral
bafle and outwardly ezbending, central bafille
constructions.

In the drawings, a cylindrical, vertically ex-
tending shell 18 is provided at its upper and lower
extremities with eonvez heads 11 and §2 respee-
tively. The upper dome of head t4 of the vessel
is provided with & cylindrical extension {4 sur-
mounted by a cover or closure {8. An outlet duct
{5 extends from the cylindrical extension to de-
liver the final cooled product gas for further
disposition or use not indicated.

Provision for protecting the walls of the vessel
or shell from overheating assumes the form of
vertical tubes 17, shown more clearly in Figure 3.
A suitable refractory material extends between
the tubes as at 18, and insulating material, such
as glass wool, is packed on either side thereof
as at 19. The tubes {7 are preferably supplied
with coolant liguid through pipes 29 and header
24, with suitable provision, not shown, for re-
moval of the heated coolant from upper header 22.

The lower portion of the vessel £9. comprises a
gas generation chamber 28, whereas the portion
thereabove comprises a steam generation cham-
ber 26.

The combustion or gas generation chamber 28
is defined by retatively thick refractory cylindri-
cal walls 27, a bottom wall section or floor 29 and
a cover or cap 28.

The cover or cap section 28 of the gas genera-
tion chamber, forming as it does a roof or a cover
for the preferably open and unoccupied combus-
tion space, must obviously possess considerakle

structural resistance to high temperatures. Ac- -

cordingly, therefore, it is preferably formed, as
gshown, of closely arranged convolutions, runs or
pancakes of pipe to form a rigid wall structure
and coated, enclosed or encased by refractory
material.

The lower portion of the cap or cover extends
inwardly and upwardly as at 33 to meet an up-
wardly extending, cylindrical section 3{ which
terminates in an upper central and preferably
imperforate conical extremity 32. As shown, the
¢ylindrical wall section 8§ is preferably formed of
upstanding groups of pipes provided with inter-
mediate apertures or ports 23 for the hot products
of partial combustion. The pipe structure of the
combustion chamber cap or roof 28 is advan-~
tageously formed of separate, removable, seg-
mental units of continuous pipe section which
join together to form the structure indicated.

A plurality of radially directed burners 34, as
jindicated more or less diagrammatically in PFig-
ure 1, extend through the walls 27 of the genera-~
tion chamber about midway between the ton and
bottom extremities of said wall. The reactants,
as for example, natural gas and pure rectified
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oxygen, are introduced to the burner through
inlets 3%¢ and 34b respectively.

Tn the embodiment shown, cooling water is fed
to the tubular cap structure through inlet pipe 35
and withdrawn by way of pipe 36.

The steam generation section of the vessel, as
indicated more clearly in Figures 1, 3 and 4, com-~
prises & series of unitary tube bundles 38, each
integrally bonded together by connection with
upper and lower drums or headers 39 and 49
respectively.

As will be apparent from Figure 6, the drums or
headers of each tube bundle are unitary, closed
eylindrical vessels accupying only a portion. of
the perigheral space about the interior of the
vessel. Moreover, as shown more clearly in Fig-
ures 3 and 4, the peripheral portion of the vessel
is preferably provided with inwardly extending,
segmental projections 41 of refractory, which
form a series of peripherally spaced, vertically ex~
tending recesses. O pPassageways. Each tube
bundle unit is suspended within its respective pe-
ripheral recess. by large steam pipe 42, attached
to the dome of the vessel, as indicated, and com-~
municating with the interior of the upper mani-
fold or drum 32.

The mixture of water and steam flowing up-
wardly through supporting pipe 4&2 passes
threugh lines 43 to a steam separation drum, not
shown, and the separated water is returned
through pipe 44 to downcomer 45, In the em-
bodiment disclosed, a plurality of relatively flex-
ible downcomers are connected with the lower
darum or header 45. Where they pass downwardly
through the steam generation chamber,. the
downcomers are preferably pretected hy a re-
frpotory coating 48 (Fig. 3). .

Fach tube bundle is retained laterally within
its recess by a guide-way structure shown in
greater detail in Figures 6, 7 and 8. Thus, a ver-
tieally extending channel member 47 attached
to each header or drum rests against and em-
braces the vertically extending edge of radially
inwardly projecting member 48, attached fo the
wall of vessel 10. In addition, outwardly. pro-
jecting lugs 49 on the drums receive vertically
extending pins which are rigidly attached thereto
by set screws 51.

As indicated, the vertieally extending pins §9
gre slidably received by apertured lugs 52, at-
tached to vertically extending plates 53 which
are releasably bolted as at 54 to complementary
plates 55, in turn welded to the shell 10.

Acecordingly, therefore, it will be apparent that
each unitary bundle is supported for vertical free-
dom of play under the expansive and contractive
influences encountered in high temperature op~
eration. That is to say, vertical gupport is afe
forded substantially exclusively by the tube 42,
s o result of which the drums are free to move
vertically under the influence of expansion and
contraction. Under such influence, the guide
bars or pins §0 and the channel members 47 slide
freely, relative to the respective apertured Jugs
53 and the guide rail or track 43, On the other
hand, by simply releasiug fastening 51 or 54, and
disconnecting downeomers 45 and steam pipes
42, the tube bundle units are readily removable
from the guide structure and can be swung out,
as indieated by dotted lines in the central por-
tion of Figure 1, for removal through the upper
hatchway or closure {5. _

Disconnection of the steam pipes 42 is most
readily effected by hurning fhrough -ab welded
joint 58, and downcomers 43 may be released by
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separating the coupling 57. However, it is usually
most convenient to cut and reweld hoth Jjoints,

As above indicated, a clamping collar 58 sus-
pended by lines 59 irom a suitable crane not
shown embraces the tube 42 beneath lugs 88, per-
mitting it to swing out freely in the central por-
tion of the vessel and be removed for repair and
replacement,

It is to be noted that vertically extending tubes
61 and 62 (see Figures 3,4, 5, 9, 10 and 12) are not
tube bundles bhui are vertical soot cleaners, open
at the bottom and projecting downwardly a sub-
stantial distance into the steam generation zone
from a point in the upper portion of the vessel
not shown for the burpose of blasting or dis-
lodging accumulated soot and earhon which tends
to deposit in the vessel during continuoug opera-
tion. In other words, the pipes are provided to
direct high velocity streams of steam or air or
Some other suitable gas into the lower portions
of the steam generation chamber. Since the pro-
vision for connecting the upper extremities of
these pipes with g, suitable source of high pressure
gas may take various forms, the details thereof
are not disclosed and, per se, form no part of the
bresent invention.

The high temperature partial combustion prod-
uct passing radially outwardly through ths ports
33 is initially directed across the lower portions of

the cooling tubes in bundle 38 between refractory .

baffles 64 and 65 (Figures 1 and 7).

Bafle 84 protects the lower drum 48 ang the

adjacent structure from direct impingement by
the excessively hot combustion vroducts while
bafile 65 directs the gases across
of the cooling tubes, Manifestly, a relatively
sharp initia} cooling takes place in this region.
Therefore, the gases which move upwardly ahout
the outer margin of baflie 65 are sufficiently re-
duced from the initial high temperature so that
refractory protection of the remaining bhafiles is
not necessary, ag will hereinafter appear,
- Baffles 84 and §5 advantageously are simply
blastered or molded refractory walls built up
about the cooling tubes in any suitable manner,
and removable with the tube bundle unit.

After passing bafles §4 and B8, the gases move
upwardly in a series of repeated traverse passages
across the cooling tubes, as indicated in Figure 1.
This flow ig maintaineg
spaced, inwardly extending,
Separated by inte‘rmediate,
baffles T1.

The structure of thess
clearly in Figures 3,4, 5
of easy assembly and
removal and replacement of the tube bundles
above described. For example, the inwardly ex-
tending, peripheral bafiles, shown more clearly
in Figures 3, 9 and 11, are composed of a serieg of
plates 13, provideg with semi-circular recesses
or serrations which engage the surfaces of the
cooling tubes. The plates 78, when disposed ver-
tically, are passed between adjacent rows of cool-
ing tubes and tilteq into the horizontal Position
indicated to embrace the tukes and close the in-
tervening spaces. When arranged in alternate,
overlapping relationship, as shown in Figures 9
and 10, they close this area with an imperforate
barrier.
wardly projecting; peripheral baffles are held in
place by recessed clamping bhars 74 and 75 joined
by fastenings or bolts 5 and ¥1, 'which pass
through flanges 78, Additional strength and rig-
ity is provideg by marginal side flanges 85

peripheral bafiss 10
outwardiy projecting

bafies, as is shown more
and 9 through 12, admits

the lower portion -

by a series of vertically .

Thus arranged, plates 78 of the in- »

10

disassembly fo facilitate "

40

welded to the extremities of plates 13, as indicated
in Pigure 11,

Projecting lugs or tabs 88 enable the baffle to
he spotted to adjacent tubes, ag Indicated, to
support the bafle against vertical dislodgement,
Outermost plate 81 extends across the area be-
tween the tube bundle and the refractory lining
88, terminating in flange 83 to prevent any ma-
terial leakage.

For replacement or repair of a tube bundle, it
may be slid out of its recess without dismantling
of the baffe. Alternatively, the baffle may be
readily dismembered prior to removal by releas-~
ing the kolts 76 and 17 and cutting the welds at
the lugs 89 and the flange 85.

The central, outwardly projecting bafle ar-
rangement, as shown more clearly in Figures 4
and 3, comprises central bartitions formeqd by
pairs of segmental, frusto-conical members 85§ and
87 joined by fastenings 39 passed through radial
flange 20. A central, segmental collar 91 receives
2 removable manhole cover §2 releasably - held
in place by bolted lugs €3, for ready access to
the central portion of the steam generator.

As shown more barticularly in Figures 10 and
12, the central portion merges relatively imper-
forately with a cooling tube embracing section
which has approximately the same general struc-
ture as that previously described in connection
with the inwardgly extending baffles. In other
words, recessed plates 13, alternately arranged
in overlapping relationship, are held in place by
clamping bars 85 sngd 96, secured together by
bolts 97 and 98 passing through lugs 99. So also,
Ings 88 and flanges 85 permit spotting into a uni-
tary structure. ‘

Merger between the central, frustoconical por-
tion of the bafle and tube embracing sections is
afforded by a plurality of radially extending
vlates 160, welded to the outer margin of the frug-
toconical wall and proiecting under the extremity
of a bafile plate I} which forms the innermost,
portion of the cooling tube embracing plates.

In addition, provision is made for closing the

45 Space about the soot blowing tubes 61 , Which in

general comprises periphera] recesses formed in
the frustcconical wall by paired, radially and
vertically extending ribs or flanges 103, joined
at their inner extremities by fanges (84, Hori-
zontal plates {05 fixed within the recesses formed
by these ribs or Hanges are cut away as indicated
in Fieure 12, to pass about tubes 6. Collar | 085,
slidable on tubes 6!, is provided on its outer mar-
gin with spaced, segmental, upper and lower
flanges 10T and 108 respectively, which embrace
the fixed plate 165. Therefore, it is apparent that
after the conical bafle units 87 ave arranged in
position, the collars (86 can be vertically aligned
with plate 165 and rotated to cause flanges {07
and 108 to embrace the plate, a5 shown. There-
after, plate 110, which occupies the space be-
tween the tubes 84 and the tube embracing bafies,
is moved into place and attached to the plate 101
by - bolts {11. Advantageously, as indicated,

5 Sbacer {12 separates the plate {10 and bolts 1i1.

Advantageously. the bolts (1! engage lower
clamping plates 113 which project at substan-
tial distances under plates {10 and 198 to afford
additional support.

Closure plates {5 advantageously cover the
area at the extremity of the refractory parti-
tions or ribs 44 and are held in place by fastenings
115 which- interconnect with either or both of
the adjacent tube embracing baffles.

As clearly indicated and above shown, the out-
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wardly projecting bafies terminate short of the
steam generation chamber margin, and the in-
wardly projecting, peripheral baffles terminate
inwardly in the ceniral portion of the chamber.
As indicated, the bafiles most advantageously ter-

‘minsate ingide of the marginal tube TOWS §0 that

the gases to be cooled are in relatively clese con~
{act with the cooling tubes throughout their up-
ward path of movement.

Trom the foregoing, if Is apparent that the in-
ternal gtructure of the steam generation unif is
readily constructed by assembling each individual
tube bundle in its entirety outside of the gas
generation vessel, The unit is then lowered into
position, as indicated by the dotted lines of Fig~
ure 1, swung over into its peripheral position and
attached to the lateral supporting guide or struc-
tures, 55 seen in Figures § through 8, and yerti-
cally is supported by attachment of couplings 5%
and 57.

As ahove indicated, under modern welding
practice, the formation of welds at this point
probably represents most economical and rapid
practice. Also, provision of ordinary pipe cou-
plings is equally permissible.

T4 is important to note that the tube embraec-
ing baffle arrangement may be assembled on the
tuhe bundles before insertion into the vessel, or
where desirved, is conveniently assembled by a

workman afier mounting within the shell. The :

assembly is completed simply by suspending the
conical baffle segments 86 and 87 in position, bolt-
ing them together, swinging stidable collars 108
inte interengaging position therewith and apply-
ing the collar plates 119 and {45,

Disassembly to permit replacement of a worn
tube bungdle or the like is manifestly the reverse
of the foregoing.

As ahove intimated, the tube embracing bafile
arrsngemsent may moanifestly be simplified whers
desired by attaching integral or other bafile
means to the tube bundles externally of the unit
provided so that the bundles set and move readily
into the peripheral recesses provided within the
steam generation ehamber. Likewise, the provi-
sion of separate recesses for the tube bundling
units may be omitted by eliminating the refrac-
tory partition members &1 and applying remov-
ahle eover plates to complete the baflles in this

area. The structure may be also considerably .

simplified where other means is provided for sopt '

hlowing or cleaning, by elimination of the soob
tubes §! and 82 and the exhaust structure. In
snch an embodiment, the gentral frustoeonieal
wall assumess the relatively simple form in which
the marginel plate simply engages under the pe-
ripheral bafils strueture. It is apparent that the
foregoing structure compensates inherently for
the expansive and contractive strains otherwise
inherent in an exchanger involving excessively
high temperature variations.

_ Actually, suspension of the tube bundle units in
the manner disclosed completely eliminates such
strains with the minor exception of those imposed
upon downecomers 45.  However, by the subdivi-
sion of the downcomer stream into a plurality of
relatively small conduits of flexible nature and
provided with flexure locps as indicated at 45a.
the undesirable effect is minimized, so that it be~
comes completely immaterial from the practical
operating standpoint.

Ohviously, many other modifications and vari-
ations of the present invention as ‘hereinhefore
set forth may be made without departing from
the spirit and scope thereof, and therefore, only
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such limitations should be impesed as ave con-
tained in the appended claims,

I claim:

1. Tn a fuid heat exchange installation, a
vertically extending eylindrical pressure vessel
shell having a reaction chamber in its lower por-
tion and a gas ouflet at its upper end, heat ab-~
sorbing means disposed within the shell and be-
tween the reaction chamber and the gas outlet
port and including a cireular arrangement of
convector vapor generating umits, each of said
upnits having such transverse dimensions that
it will pass through said port when rot joined 10
#ts tubular connections, am UppEr and a lower
header for each unit, a groud of horizontally
spaced upright tubes for each unit. connecting
the upper header o its lower header, 8 vapor
outlet tube extending upwardly from each upper
header through the upper part of the shell and
secured thereto, a refractory cylindrical wall for
the reaction chamber having & refractory floor
and entirely disposed within the shell, and up-
right wall tubes in cireular arrangement between
the shell and the refractory rezction chamber
wall and eonnected into the fiuid circulation of
said installation, said wall tubes extending te &
level abeve the level of the upper headers of the
convector units.

2. In a fiuid heat exchange installation, a
vertically extending cylindrieal pressure vessel
shell having a reaction chamber in its lower
portion and a gas outlet port in its upper por-
tion, & plurality of convector vapor generating
units arranged annularly within the upper por-
tion of the shell between the reaction chamber
and the gas outlet port, each of said units in-
cluding an upper header and a lower header con-
neeted by horizontally spaced upright tubes, &
releasable closure af the upper portion of said
shell of such transverse dimensions as to permit
introduction and removal of a single complete
vapor generating umit, and a. fluid discharge
tube extending upwardly from the upber header
of each of said vapcr generating units through

. the upper portion of the sheli.

3. In a fluid heat exchange installation, 2
vertically extending cylindrical pressure vessel
shell having a reaction chamber in its lower por-~
tion and a gas outlet port in its upper portion,
a plurality of convector vapor generating units
arranged annularly within the upper portion of
the shell between the reaction chamber and the
gas outlet port, each of said units including an
upper header and a lower header conneeted by
horizontally spaced upright tubes, a releasable
closure at the upper portion of said shell of such
transverse dimensions as to permit introduction
and removal of a single complete vapor generat-
ing unit, and a thermal shield including & fiuid-
circulating tubular coil disposed between the re-~
action zone and the lower headers of said vapor
generating units.

4. In a fluid heat exchange installation, a
vertically  extending cylindrical pressure vessel
shell having a reaction chamber in its lower
portion, reactant inlets in said reaction chamber,
a gas outlet port in the upper portion of said
shell, a plurality of eonvector vapor generating
units within the upper portion of said shell
between the reaction chamber and the outlet
port, said units arranged about the wall of the
shell in an annular array with an unogscupied
central space sufficient fo accommodate any
single unit, each of said ynits including & Jower:

75 header and upper header connected by hori=
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zontally spaced upright tubes, a liquid and vapor
drum arranged exteriorly of said shell, a tube
extending upwardly from the upper header of
each of said units through the upper portion of
saild shell and connected with said liquid and
vapor drum, and a releasable closure at the up-
ber extremity of said shell directly above said
central space and of such transverse dimensions
as to permit introduction and removal of a single
complete vapor generating unit.

5. In a fluid heat exchange installation, g
vertically extending eylindrical pressure. vessel
shell ‘having a reaction chamber in the lower
portion thereof, reactant inlets in said reaction
chamber, a gas outlet port in the upper portion
of said shell, g plurality of convector vapor
generating units arranged annularly within the
upper portion of said shell between the reaction
chamber and the outlet port with an unoccupied
central space sufficient to accommodate any
single unit, each of said units including a lower
header and an upper header connected by hori-
zontally spaced upright tubes, a thermal shield
including g fluid-circulating tubular coil dis-
posed between the reaction chamber and said
convector units, a releasable closure at the up-

10

per extremity of said shell directly above said
central space and of such transverse dimensions
as to permit introduction and removal of g com-
plete vapor generating unit, a liquid and vapor
drum arranged exteriorly of said shell, and a
fluid discharge tube extending upwardly from
each of said upper headers through the upper
portion of said shell and connected with said
liquid and vapor drum.

ALLEN J. FRUIT.
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