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This inventlon relates to improvements in process and apparatus
for the preparaiion of ges mixtures containing hydrogen end carbon monoxide
by partial combustion of liguid or gaseous hydrocarbon meterials with an
oxygen—containing gas. The expression oxygen-containing gas is uged herein
to inelude air, oxygen-enriched air and substantially pure oxygen.
In a nown process for the menufacture of gyntheals gqs through

partial combustion of 8 firat and second fluid with the eddition of gtean,
one of the fluids {which may be either s carbonaceous fuel or an oxygen-
containing gas) is fed tangentially into e first zone (sometimes described

10 88 a whirl chamber} which has a boundary of a surface of revolution with a
velocity sufficlent to form en annular, rotating column which advances for-
wardly toward an open throat in cne end of the whirl zome., There is a gradual
reduction in the cross section of the whirl zone and acoordingly a like
reduction in the cross section of the anmular rotating columm to the dimension
of the throat, The other fluid (which may be aithe;r & carbonacecus fuel or an
oxygen-containing gas but differing from the firat fluid) is injected out-
wardly into the encompassing rotating anmular column of the first fluid,
There occurs e rapid expansion of the ocutwardly moving, rotating column from
the restricted throst into a sharply enlarged combuastion zone which haa a

20 boundary wall of substantially a surfsce of revolution. Normally steam is
supplied to the ccumbustion chember through the throat in the rotating snnular
column, having been admitted with the first fliuid in the formation of the
rotating column, If the hydroocarbon used 1s liquid the snmular roteting
column will generally be the oxygen-containing gas, with the liquid hydro-
carbon being injected outwardly inte thet columm. However, if the hydrocarbon
is gasecus, 1t may be employed to.form the outer, rotating annuler colwmn and
the oxygen-containing gee (here oxygen or o very rich oxygen stresm) will be
centrally introduced.
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A device for the foregoing partial combustion mey comprise a
whirl chamber comnected through a centrally located throat to a refractory-
1ined combusiion chember, with both chambers being subetentially formed of
eylindars of revolution around a comsor axis, The throst will have a b
reduced dismetdr with respect to the diametors of the chémbers. There ie &
nozzle centrally located in the whirl chimber ahd arrenged to spray one of
the fluids in the form of a hollow ocne through the thioat ittto the com-
buation chember. The whirl chember is provided at its periphery with &
tangential cpening for the sdmittsnce of the other fluid, Normally there

10 will also be provision for admitting the necessary siteem to the whirl
chamber through e tangential cpening.

Since the process of the foregoing type employs high temperatures
of over 1000°C snd often between 1200°C and 1500°C, particularly at points
near the throat, the wall of the combustion chember is made of & refracthy
material having @ great heat resistance. Neverthelesa it occasionally
happens that disturbsnces do occur in the combustion zone, for example, due
to the irregular supply of ome or more of the reactents or because of an
inadequate mixing thereof, and the refractory wasll is damaged in the
vicinity of the throat as the result of the aggressive action of the free

20 oxygen at an elevated temperature.

It 18 an object of the present invention to provide an lmproved
process and suitable apparetus for the production of gasecus mixtures pre-
dominating in hydrogen and carbon monoxide, with proviaions guarding
against oxidative damage of the refractory lining of the combustion zone,

This and other objeots of the present invention will becoms more
apparent during the following desoription of the invention when taken in
conjunction with the sccompanying drewing wherein:

Fig. 1 is a oross-gectional view of a preferred dev;ce, illus-
trating both the whirl and combustion chambers for the production of &

30 synthesis gap; and
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Fig. 2 is a fragmentary, enlerged view of the throat ssction
connacting the two chambers.

Now, in asccordance with the Improved procass of the present
invention at lesst part of the gtesm necessary for the pertial combustion
is introduced in a unique manner so as to achieve protection of the throat
and of at least that portion of the combustion zone wall ad jacent the throat
against oxidative damage. In the improved process ateam ig employed ag &
coolant for the wall of the throat, with the steam coolant thars belng paesed
in direot heat exchange with the cutaide wall of the throat. Thereaft{er
the steam is admitied to the interior of tha combustion zona in the throat
eres and passed in a protective leyer elong 8t least that portion of the
wall of the oocmbustion zone adjacent the throat, thereby for;ning a blanket
of steam which servea to protect the combustion zcne well egainst the
deteriorating effect of the combustion reaciicn.

In the improved apparatus of the invention the wall of the throat
i3 provided with an internal snnulay steam passageway with outlet proviaions
thersfrom permitting the flowing of a steam blanket along the interior wall
of the combustion zone away from the throst, A condult ia provided for
supplying steam to the throat passegewsy, In a preferred embodiment thers
are several openings equally spaced apart connecting the annular passageway
to the ocombustion zone, In an aliernative an ammular slot of more restricted
cross section than the pessagewsy Ltself may be utilized for admitting the
pteam 10 tha combustlon zone.

The steam should be supplied to the combustion zone at an equal
or substantially equal preasura to the other resctants, SJince the sieoam
supply source pressure is likely to be greater than the other ypreasures, it
is poasible with the correct selaction of resistences in the annular cooling
pagpageway ox'." the throat snd in the openings or poris connecting the passage-

way to the combustion zone to effect a lose of sufficlent preasure resulting

-4 -
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in the supplying of the ateam to the reaction chembar at a pressure aub-
stantially equal to that of the remaining reactants. With this precaution
there 18 reduced risk of the cooling passageway being blowp clear should
fhere be a digturbance in the opersting conditions, The poris or openings
cormecting the cooling peasagewsy of the throat ;o the combustion zone
should be orientad or directed so that the steam after pésssge through the
ports or openings issuas into the cambustion chamber as @ jacket or Dlanked
flowing over the resction chamber wall in the immediate vicinity of the '
throat. The cooling of the throat itself assists in lowering the temper'at.ure
of the combustion chamber wall adjacent immediately thereto.

Any gasecus or liguid hydrocarbon materials ean be usad in the
process of the invention; for exempla, natural gas, rafinery gas, liguid
products obtained by distillation of crude mineral oils, guch as gascline,
naphtha, kerosene and gas oil, residual fuel olls or asphalt.

If 11quid hydroecarbone are used they are atowized by means of a
centrally placed pressure atowizer or the 1ike on injeaction through the
throat, Gssecus hydrocerbons may be injected with the aid of a similarly
disposed gas nozzle in such a way that there is intense mixing with the other
ransctants supplied through the throat or in an elternative the gaseous hydro-
cerbon may be tangentially admitted to the whirl chamber, in which event pure
oxygen or an enriched oxygen siream may be suppllied to the conbustion chamber
through the centrally placed nozzle, The process and apparatus of the present
invention conatitutes an improvement over that disclosed in United States
patent 2,806,517,

"llith reference to the drawing, the apparatus illustrated includes
a combuation chamber 1 enclosed in a refractory wall section 2, which chamber
18 connected axiallythrough a throat 3 in one end theracf to en axlally
dligned whirl chamber 5. Both chambers have circulsr cross sections and in

the instance of the whirl chamber thers 1g an enlarged cylindricel portion 7

-5~
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joining a truncated cone gection 9, the small bage of which cpens into a
gecond cylindrical section 1l. As 41lustrated tha second cylindrical section
11 is of somewhat smaller dismeter then the larger principal eylindrical
gaction 11, There is a gredual tapering of the walls of the truncated cone
section which connecta the two cylindrical sections of the whirl chember.
The smaller, second cylindrical section 13 in turn is conneoted through a
second, truncated cone section 12 1o the aforementicned throst 3. The
grad_ual reductions in the croes section of tha whirl ohamber or zone results
in a corresponding reduction in the annuler rotating column of gas formed
therein. It will be seen that the firet fluld, normally air, or an oxygen
enriched air is admitted through a line 14 snd a tangential cpening 16 to
the interior of the whirl zons. This iangentlal introduction promotes the
formation of an smmuter, rotating column of air whieh in its pessage through
the whirl zone is progressively contracted to a more 1imited cross ssction
and sventually introduced through the rastricted throat into the sharply
enlarged combustion zone 1. The sacond fluid, usually e liquid hydrocarbon,
moves through the axially-placed condult 18 to the nozzle disposed at the
end thereof from which it is sprsyed in the form of a hollow cona through
the throat into the cembusticn chamber, in sonjunction with the whirling alr
mags passing through the throst. The lower section 19 of the wall of the
whirl chamber, that is the pert joining the combustion chamber, ie provided
with an internel annular channel 21 which is connectsd through an internal
conduit 23 to the steam aupply line 25, As #1luatrated, a portion of the
gtesm needed for the synthesis gas production may be supplied through the
aly inlet line 1% via the bypass 1ine 27 and valve 28. The ennular channel
21 leads into the combustion chamber 1 through a series of openings or
ports 30 which are aqually spaced apart end arranged in a ring around the
throat 5, These openings ere directed soc that in operation stesm after

passage through the annular channel where it serves to cool the throat wall,

-
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entars the reaction chamber and forms a jacket or screen which flows out-
wardly over the wall cf the combustion chamber immediately joining the throat
and protects that part of the refractory wall which is most likely to be
exposed to the sggresaive aotion of free oxygen, Instead of a series of
dlserete openings 30 1t is possible to provide a single annular s1it lead-
ing from the chamnnel 21 into the combugtion chamber 1.
In the preferred embodiment of the partial comtuation device
as illustrated in the drawing, the sldes of the annular channel 21 lie parallel
4o the sloping wall of the lower trmceted cone section 12. The ports 30
connecting the atmular charmel 30 to the combustion chamber extends substen-
t1ally perpendiculsr to the sildes of the annular chamber and open along the
interior faca of the combustlon zone. This orientation of the poris
agsures formation of the steam blanket flowing along the refractory wall.
The quantity of steam which is supplied to the combustion chamber
1 through the opening or cpenings 30 should st mogt be equal to the quantity
required to enable the pertiel comtuation reaction to proceed favorsbly.
If it ie equal to this quantity, no steam need be supplied through the
whirl chember 2. If for setisfactory cooling of the wall of the throat
3, wore steaw is required than the maximum which it 1 desired to introduce
in the combugtion chamber 1, the annular channel 21 is provided with an
axtra outlet 32 for the superflucus sieam not golng into the combusticn

chamber 1.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY OR
PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. 1In a method of preparing gas mixiures containing pre-
dominantly hydrogen and cerbon memoxide by partial cembustion of a first
and second £luid with the addiilon of gteam, cne of the fluids being a
carbonscaous fuel and the other an oxygen-containing ges, wherain the firat
fluid is fed tangentially into a {irst zone having a boundery of a surface
of revoluticn with a veloelty sufficient to form an annuler rotating
column of sald firet £luid advancing forwardly ioward an open throat in
one and of said zone and wherein there ig a gradual reductlon in the
crose section of said zone and accordingly'of the annular rotating column
to the dimension of aaid throat and wherein there is an injection of the
second fluid outwardly into the rotating ennylar column of the first fluld

" and wherein there cccurs a rapid expansion of the cutwardly moving,

rotating column from the restricted throst into a gharply enlarged ocii-
bustion zone having a boundary wall of substantially a gurface of revolu-
tion, the improvement comprising employing at least part of the steam
needed for the reaction as & coolant for the wall of the throat, with the
gtesm coolant being passed in direct hest exchange with the outgide wall
of said throet, and thereafter introducing the steam coclant to the
interior of the combustion chamber at the throat and there flowing the
stesm in a protective layer along at leagt that portion of the wall of
said combugtion zome adjacent to the throat, thereby forming a blanket of
steam to protect the combustion zone wall against the deteriorating

effect of the combustion reaction.
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2, A devica for the partial combugtion of a first and gacond
fluld with the addition of steam, one of the flulds being & carbonaceoud
fusl and the other an oxygen-coniaining gas comprixing in combination a
whirl chamber, & -refrautory-lined combustion chamber, esid chambers being
auﬁstantially formed of cylinders of revolution arcund a common axia end
connected together by a ventrally located throa{. of a reduced dlameter
with respsct to the dismeters of both chembers, & nozzle centrally located
in tha whirl chamber and arranged to spray the firat £1uid in the form of a
hollow cone through sald throat into the combustion chamber, paid whirl
chamber being providad at its periphery with a tengential opening for the
gecond fluid, an annuler steam passageway disposed in the wall of the throat
with provisions for directing the atean flowing through said annmular
pasasgeway along the interior well of the combustion zone, and a condult for

supplying steaw to sald throat passageway.

3, A device in accordance with clain 2 wharein the provision
for directing the steam flowing along the interior wall of the combustion
zoha. compriges & pluralit.y; of ports equally spaced apart and arranged in
8 ring within the wall of the throst and connecting said snnular passage-

way with the interior of the combusticn zons.




M RA

7
14 5
27 6 »
28 S "
i
26/ . u 32
23
i
TN, 4.3
P s : 21
A 3\ 2 .
oy ] o
rrs 30 A
¥ o7
LYy bdi Y
o ‘ra
258 soe
e e
S50 s
Y L
2A, oy
A 2
A oy
s Vs
7% “
. J s
{, (o

R L it




