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@ Coal gasificstion burner and apparatus.

@ A burner (10} for the partial oxidation of a particulate fuel
to form a gaseous product, comprises a burner body (21}
having a mixing compartment (26) and a discharge end; and
conduits (29, 27) for supplying a particulate fuel, such as coal
slurry, and oxygen to the mixing compartment, the burner
having an end face (24) with a discharge lip (23) in the end
face defining a nozzle (22) for discharge of combustion
mixture from the mixing compartment (26). An annular
manifold (37) is disposed adjacent the end face and extends
circumferentially of the discharge lip (23), and a conduit (39}
supplies pressurised steam to the manifold. The manifold
{37) has a constricted opening (42, 43) positioned to deliver a
pressurised stream of steam from the manifoid generally
transversely of the burner end face (24} towards the dis-
charge lip {23), whereby to form a dynamic fluid shield
across the burner face to preciude slag or ash particles from
contacting the face and building up any solid accumulation.

Croydon Prining Company Ltd.
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COAL GASIFICATION BURNER AND APPARATUS

This invention relates to burners for the partial
oxidation of a particulate fuel, for example to a
burner for introducing a combustible mixture compris-
ing hydrocarbon fuel, free oxygen-containing gas,
and optionally a temperature moderator (liquid or
vapor) into a free-flow partial oxidation synthesis
gas generator,

In the partial combustion of a hydrocarbon .with
oxygen, or air enriched with oxygen, in the presence
of steam and/or carbon dioxide, temperatures between
1,100° and 1,500°C are often reached. Special require-
ments are therefore placed on the design and the mat-
erial from which the burner is constructed to avoid
damage to the latter.

An essential requirement in such burner const-
ruction 1is that it be cooled or otherwise protected
from the high temperature environment. This is often
achieved by circulating water or other coolant through
the unit. Thus, by constructing the burner both inter-
nally and externally with coolant passages, a suffic-
ient amount of heat transfer to the circulating cool-
ing fluid can be achieved to reduce and stabilize
the temperature which the burner itself reaches.

Normally, the oxidizing flame which combusts
the mixture introduces the hot flame as well as the
products of combustion into a generator such as the
reaction chamber of a synthesis gas generator. The
latter is 1lined with a suitable refractory material
to avoid damage as a result of the high temperatures
that will be reached and sustained.
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A relatively vulnerable part of the burner is

" that portion which is continuously exposed for extend-
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ed periods of time to the high reactor temperatures.
Although means have been provided for cooling internal
portions of the burner, the problems which result
from the high temperature still persist.

For example, external walls of the burner are
generally surrounded with a cooling coil or the 1like
which circulates a liquid such as water to effectuate
a cooling action. Further, the lower or flame end
of the burner is provided with internal passages which
permit coolant to be internally circulated to maintain
a desired temperature range. .

In either instance, the forward most vulnerable
face of the burner can reach certain temperatures,
or range of temperatures, within which accumulations
of particulate slag or ash will tend to cling to the
exposed burner face. Such a slag build-up will cause
a reduction in burn efficiency and eventually impair-
ment of operation and eventual unit shutdown.

These accumulations are prompted generally by
back mixing of. the combustible particles or ash as
the particles enter the reactor. Here they are caught
up into the violently turbulent flows of the gas asso-
ciated with the high velocity flame.

More specifically it is found that if the temp-
erature on the exposed burner face is in excess of
400° to 500°C , ash particles will be prone to stick
thereto. If, on the other hand, the temperature is
kept lower than 400° to 500°C on the face of the burn-
er, the ash sticking will be substantially avoided.

In burners that function as required, it is found
that a particle build-up along the burner face will
generally commence at the lip of the dis'éharge opening
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or nozzle. Thereafter, the build-up will progress
radially outward from the nozzle and gradually cover
"a substantial portion of the exposed face. Slag will
also build upon itself due to progressive insulation

5 from the cooling coils and channels.

One way for precluding or at least limiting this
slag build-up along the burner face is to inject steam
directly into the combustible mixture within the burn-
er itself. This step will facilitate the avoidance

10 of undesired build-ups at the discharge 1lip. It will
not, however, completely preclude the accumulations
as herein mentioned.

For example, the back mixing and flow of the
particulate matter as a result of the turbulence imme-

15 diately inside the reactor, will continue to cause
or prompt a certain degree of build-up at the burner
face.

An object of the present invention is to achieve
progress towards overcoming the above stated problems

oo of slag build-up along the burner face.

According to the present invention there is prov-
ided a burner for the partial oxidation of a particul-
ate fuel to form a gaseous product, characterised
by: )

25 an elongate burner body having a mixing compart-
ment therein and a discharge end;

means for supplying a particulate fuel and a
combustion supporting medium to said mixing compart-
ment;

30 said burner having an end face with a discharge
lip in said end face defining a nozzle for discharge
of combustion mixture from said mixing compartment

an annular manifold disposed adjacent said end

face and extending circumferentially of said discharge

35 1ip;
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means for supplying pressurised fluid to said

.manifold; and

said manifold having a constricted opening
positioned to deliver a pressurised stream of fluid
from said manifold generally {ransversely of said
burner end face towards said discharge lip.

The pressurised stream of fluid serves to provide
a fluid dynamic shield which protects the entire burn-
er face. A number of fluids such as steam, CO2 or even
water could serve as the protective dynamic shield.
For the following description, however, the fluid
will be considered to be steam.

One or more high velocity steam Jets may be caus-
ed to sweep the burner face. The Jjets first of all
form a barrier which precludes the hot particles from
approaching and contacting the face. Secondly, the
fluid jet is so aligned that it will flow parallel
to the face, or will contact or impinge against the
face preferably adjacent to the discharge lip. This
creates a thermal radiation/convection shield to keep
the burner face below 400° to 500°C. Thirdly, the
flow will clear the face of any accumulation that
might be initiated.

Embodiments of the invention will now be describ-
ed, by -way of example, :with reference-to the accom-
panying drawings, in which:

Figure 1 is a view in cross-section of a portion
of a partial oxidation generator, showing a burner acc-
ording to the invention;

Figure 2 is an enlarged view in partial cross-
section of the burner shown in Figure 1;

Figure 3 is a partial cross-section of a second
embodiment of the burner discharge end;
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Figure 4 is a view in cross-secticn of a portion
of a further embodiment of a partial oxidation gener-
ator according to the invention;

Figure 5 is a partial cross-section of a portion
of the burner in Figure 4; and

Figure 6 is a partial cross-section of another
embodiment of the manifold.

One embodiment of a partial oxidation apparatus
is shown in Figures 1 and 2 and comprises primarily
a burner 10. The latter is connected to a source of
oxygen 11 as well as to a source 12 of particulate
hydrocarbon fuel such as a coal slurry or the 1like.
Thus the two components when introduced to the burner
will form a combustible mixture.

If. will be appreciated that the apparatus is
subjected to sustained high internal temperatures
and is formed basically -of a steel shell. The inner
walls and openings of the shell, while not specific-
ally shown here, are so constructed and lined with
a refractory material that they will withstand the
harsh environment.

The discharge end 13 of burner 10 is positioned
to introduce the resulting flame as well as the prod-
ucts of combustion into refractory lined reactor 4.
In the latter, the hot products of the partial comb-
ustion are collected.

Reactor or generator 14 is provided with a refr-
actory lined opening 16 within which burner 10 is
positioned. Said -opening 16 as shown includes a neck
17 which surrounds the burner to provide a degree
of protection thereto. The upper end of the burner
10 is provided with a flange 18 which mates with a
support flange 19. The latter projects outwardly from

»
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reactor neck 17 to hold the burner 10 in place, and
yet permit its ready removal for replacement or repair.

Burner 10 comprises an elongate body 21 (Figure
2) having a longitudinal passage which extends the
length of the body 21. The lower end of said passage
terminates at a constricted, cylindrical opening 22
which is defined by a peripheral 1lip 23 at the burner
face 24. A progressively narrowing wall connects the
body passage with lip 23, to define a mixing compart-
ment 26.

The passage through the body 21 is provided with
a conduit 27 disposed preferably coaxially thereof
and has a discharge port 28 terminating at the mixing
compartment 26. ]

For the present description, oxygen will be ref-
erred to as the combustion supporting medium and is

introduced through the central conduit 27 by way of

20

1.

valved conduit 32.

The positioning of conduit 27 defines an annular
passage 29 between the conduit wall and the wall of
the body 21. Annular passage 29 communicates with
the source 12 of coal slurry (and optionally a temp-
erature moderafor), by way of a valved conduit 31
for introduction of the fuel into the mixing compart-
ment: 26.- A valve 33 in conduit 31 regulates the volume
flow rate of particulate or finely ground coal mixture
which is introduced from source 12 for combining with
the oxygen to establish the desired combustible mixt-
ure in mixing compartment 26.

30 The lower face 24 of burner body 21 as herein

noted is normally exposed to the maximum temperature
and turbulent environment experienced within reac-
tor 14. Said lower face 24 is normally formed of a
heat resistant material such as Inconed or the 1like

-
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which will be capable of functioning in spite of the
high temperatures to which it is constantly exposed.
However, said burner face 24, although capable of
withstanding the elevated temperatures, is nonetheless
susceptible to the herein noted accumulations of slag.

To achieve the desired degree of cooling within
the burner 10, the latter is provided with one or
more internal channels such as 34. The latter are arra-
ged to circulate a coolant, preferably water. The
cooling water channels are so arranged within burner
body 21 to establish adequate heat removing capability
thereby to stabilize the temperature within burner
mixing compartment 26 and to protect the entire unit
from excessive heating.

Further cooling of the unit is achieved on body
21 by an externally positioned cooling coil 36. The
latter is formed as shown of a thermally conductive
material to withstand the extreme temperatures, and
yet be capable of conducting a flow of water at a
sufficient rate to maintain a desired +tfemperature
gradient.

The avoid the herein mentioned undesired solid
deposit of ash, slag and other particulate matter
along the face 24 of the burner, an ammular manifold
37 is provided. The manifold cooperates with burner
10 and is communicated with a source of pressurized
steam 38 by way of pipe 39 and control valve 41.

In the embodiment shown, annular manifold 37
depends from the lower end of the body 21, and extends
preferably slightly forward of face 24. Said manifold
37 comprises in essence an annular chamber 40 which

is formed of a series of welded plates or compartments.

&
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The latter are adapted to either engage the lower

‘end of the burner itself, or to be positioned suffic-
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iently close thereto as to permit regulation of the
steam flow which is projected transversely of the
burner face.

As shown in Figure 2, in one embodimen% manifold
37 is provided with a single circumferentially extend-
ing constricted opening 42 which communicates with
the steam chamber 40 or compartment to direct a press-
urized jet of steam across the burner face 24. To
function most effectively, fhe steam preferably tra-
verses across burner face 24 in a substantially unin-
terrupted pattern.

Thus, the steam will achieve at least two funct-
ions. Firstly, the steam will define a dynamic curtain
or barrier across the burner face 24 to substantially
preclude slag or ash particles from contacting the
face. Secondly, the velocity of the steam will be
such that it will dislodge any solid accumulation
which might be initiated at 1lip 23. Thirdly, the dis-
position of the jet will be such as to provide a ther-
mal radiation shield.

The volume of steam which 1leaves constricted
opening 42 will be regulated to avoid adversely aff-
ecting production of a partially oxidized product.

As presently shown, manifold 37 1is connected
directly to, and depends from the peripheral forward
end of burner body 21. In such an instance, the mani-
fold 37 provides an annular arrangement which can
be either welded or otherwise fastened in place to
extend slightly forward of the burner face 24.

In an alternative embodiment, the manifold can
be arranged to cooperate with neck 17 of reactor 14,
In such an instance, the torus-like manifold is adapt-
ed to slidably register the forward end of burner
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10 and to properly position face 24 with respect to

.constricted opening 42 thereby permitting the steam

Jjet from the latter to sweep across face 24.

In still another embodiment of the manifold and
as shown in Figure 3, the burner 10 can comprise an
arrangement similar to that shown in Figure 2. Here,
however, manifold 37 can be provided with a plurality
of discrete constricted openings 43. The latter as
shown define a plurality of passages, each of which
is communicated with the manifold chamber 37 to rece-
ive the pressurized fluid.

The respective openings 43 are provided with
a configuration such that the high velocity steam
which leaves the respective openings is directed cen-
trally toward the longitudinal axis of burner 10.

Openings 43 can Tfurther be constructed as to
provide the issuing steam with a particular config-
uration. The openings may be formed by replaceable
nozzles in a wall of the manifold. In one embodiment,
the configuration can be substantially in the form
of an fan-like flow to best provide the desired over-
lapping coverage across the face of burner 24.

In any event the plurality of streams will be
directed substantially parallel to face 24 to form
the barrier and achieve the above noted two functions,
i.e. providing a shield, and also keeping the face
clear of solid matter. Thus the manifold can be provi-
ded with a2 single constricted opening as shown in
Figure 2, or with a plurality of circularly arranged
and spaced apart constricted openings as shown in
Figure 3.

In either instance, the steam directing openings
can be spaced downwardly from face 24 rather than

s
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pasitioned immediately contiguously therewith. Thus,

_ the dynamic barrier or shield forming steam will be
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directed upwardly from the spaced apart openings and
toward face 24. The focus of the steam Jjets in this
instance will be at the discharge lip 43. Fine parti-
culate ash or slag will thereby be caught up into
the steam jet and carried away from face 24. Further,
any solid material that does engage or cling to 1lip
23 will be dislodged and swept away by the steam impi-
nged thereaginst.

It is found that by use of the above described
arrangement, the life of the burner 10 can be greatly
improved and the replacement thereof deferred for
longer periods of time than for a similar burner with-
out the presently disclosed shielding facility.

Another embodiment is shown in Figures 4 and
5. A burner 50 is connected to a source of oxygen
51 and a source 52 of particulate hydrocarbon such
as a coal slurry. The two components form a combusti-
ble mixture which, as it burns, forms products of
combustion which are discharged into the reaction
chamber 53 of a synthesis gas generator 54. The gen-
eratof comprisés a steel shell 56 constructed and
lined with a refractory material 57 to withstand
the harsh environment.

The discharge end of burner 50 is positioned
to introduce the resulting flame, as well as the prod-
ucts of combustion into chamber 53. In the latter,
the hot products of the partial combustion are coll-
ected. The chamber 53 is provided with a neck 58 defi-—
ning a refractory 1lined access opening 59, within
which burner 10 is registered. The upper end of burner
50 is provided with a flange 52 which mates with a
support flange 53. The latter projects outwardly from
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neck 58 to hold the burner in place through bolts,
and yet .permit its ready removal for replacement or
repair.

Burner 50 comprises an elongate body 60 having
a longitudinal passage terminating at a cylindrical
opening 61 defined by a peripheral lip 62 at the burn-
er face 63. A progressively narrowing wall 64 connects
the passage with 1lip 62, to define a mixing compart-
ment 65. The _ . passage through body 26 is prov-
ided with a conduit 66 disposed preferably coaxially
thereof and having a discharge port67 terminating at the
mixing compartment 65.

Conduit 66 defines an annular passage 68 between
the conduit and the body 60. Annular passage 68 is
communicated with source 52 of coal slurry by way
of a valved conductor 69. The valve is operable to
regulate the volume of particulate or finely ground
coal mixture which is introduced from source 52 for
combining with oxygen, to establish the desired com-
bustible mixture in mixing compartment 65. The oxygen
is introduced through conduit 66 by way of valved
coolant 70.

The lower face 63 of burner body 60 is exposed
to the maximum température and the turbulent environ-
ment experienced within reaction chamber 53. The lower
face 63 is normally formed of a heat resistant mater-
ial such as Inconel. However, although capable of
withstanding the elevanted temperatures, face 63 is
nonetheless susceptible to the herein noted particul-
ate accumulations of slag.

To achieve the desired degree of cooling and
thermal protection for burner 50, the latter is provi-
ded with one or more internal channels 72 arranged

to circulate a coolant, preferably water. The
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cooling water channels are so arranged within burner
body 60 to assure adequate heat removing capability
thereby to stabilize the temperature within burner
mixing compartment 65, and to protect the entire unit
from excessive heating. Further cooling of the burner
is achieved on body 60 by an externally positioned
cooling coil 71 formed of a thermally conductive mat-
erial.

To avoid the herein mentioned undesired solid
deposit of ash, slag and other particulate matter
along burner face 63, an annular manifold 73 is prov-

ided. The manifold is disposed within reaction chamber

53 to cooperate with burner 50, and is communicated

with a pressurized source 74 of fluid by way of pipe
76 and control valve 77. The torus-shaped, annular
manifold 73 depends downwardly from generator shell
56 at the lower end of neck 58. Preferably, it extends
inwardly to engage the burner face 63.

Manifold 73 <comprises a substantially c¢losed
annular; chamber 78 which is formed of a series of
welded plates or communicated compartments. the mani-
fold can engage the lower end of burner 50, or it
can be positioned sufficiently close thereto as to
permit direction of the fluid flow which is projected
transversely of the burner face 63.

As shown in Figure 5 manifold 73 is provided
with a single constricted opening 79 which communicat-
es with fluid chamber 78 to direct a pressurized
stream of fluid across the burner face 63. To function
most effectively, the fluid, such as steam, preferably
traverses burner face 63 in a substantially uninterr-
upted pattern.
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The stream will thus achieve at least two funct-
ions. Firstly, it will define a dynamic curtain or
barrier across burner face 63. This will substantially
preclude slag or ash particles from physically cont-
acting the face. Secondly, the velocity of the steam
jet or jets will be such as to dislodge any solid
accumulation which might be initiated at 1lip 62.
Thirdly, the disposition of the jet will be such as
to afford a thermal radiation shield between face
63 and reaction chamber 53.

The volume of steam which 1leaves constricted
opening 79 is regulated to avoid adversely affecting
production of the partially oxidized product in react-
ion chamber 53.

Manifold 73 1is suspended within the reaction
chamber 53 to cooperate with the removable burner
10, and yet itself be removable from the generator
54. Thus, manifold 73 is removably fastened to a ser-
ies of elongated supportbrackets 80. The latter are
fastened to the neck 58, preferably behind the refr-
actory brick layer which forms the inner wall of the
neck. Said brackets 80 are so shaped to position burn-
er 50 and also to maintain contact with the latter
in spite of thermal expansion and contraction while

-operating. The brackets thus embody a transverse seg-

ment 81 that will permit the burner to expand down-
wardly against manifold 73 when the burner becomes
heated.

The fluid connection 76 which conducts steam
into manifold 73 can also be disposed behind the ref-
ractory brick layer within the neck 58.
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The manifold 73 extends inwardly toward the dis-
-charge end of burner 50. To facilitate cooperation
with the burner face 63, the manifold upper side can
be contoured or shaped that it slidably or abuttingly
receives the lower edge of the burner 50. To this
end, manifold support members 80,81 can be conformed
with neck 58 to permit the manifold to be displaced
downwardly, and remain in contact with burner 10 when

the latter is bolted into place at flange 53.
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CLAIMS

1. A burner (10) for the partial oxidation of a

" particulate fuel to form a gaseous product, character-

ised by:

an elongate burner body (21) having a mixing com-
partment (26) therein and a discharge end;

means for supplying a particulate fuel (29) and a
combustion supporting medium (27) to said mixing comp-
artment (26);

said burner having an end face.(24) with a dis-
charge lip (23) in said end face defining a nozzle (22)
for discharge of combustion mixture from said mixing
compartment (26);

an annular menifold (37) disposed adjacent said
end face and extending circumferentially cf said dis- d
charge lip (23);

means (39) for supplying pressurised fluid to
said manifold (37); and

said manifold (37) having a constricted opening
(42,43) positioned to deliver a pressurised stream
of fluid from said manifold generally transversely
of said burner end face (24) towards said discharge
1ip (23).

2. A burner according to claim 1 characterised
in that:said constricted opening (42,43) is disposed
substantially adjacent the burner end face (24) to
deliver said pressurised fluid stream in a path subst-
antially parallel to said burner end face.

3. A burner according to claim 1 characterised
in that said constricted opening (42,43) is spaced
away from said burner end face (24) and is aligned

to direct said pressurised fluid stream in a path
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towards the discharge lip (23).

4. A burner according to claim 2 or claim 3 char-
acterised in that said constricted opening comprises
a single substantially continuous opening (42) extend-
ing circumferentially around and radially outward
of said discharge lip (23).

5. A burner according to claim 2 or claim 3 char-
acterised in that said constricted opening comprises
a plurality of circumferentially spaced apart openings
(43) positioned to deliver individual jets of fluid
towards said discharge 1lip (23).

6. A burner according to claim 5 characterised
in that said openings (43) are formed by replaceable
nozzles in a wall of said manifold.

7. A burner according to any one of claims 1
to 6 characterised in that said manifold (37) is dis-
posed in contact with a peripheral .region of said end
face (24) of said burner body (21).

8. A burner according to any one of claims 1
to 7 characterised in that said manifold (37) has
a radially inner wall that diverges outwardly away
from said end face (24) of said burner body (21).

. A burner according to any one of claims 1
to 8 characterised in that said means (39) for supply-
ing pressurized fluid to said manifold comprises means

for supplying pressurised steam.
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10. Partial oxidation apparatus characterised

'by a reaction chamber (14) to form a gaseous product

10

by the partial oxidation of a particulate fuel, said
reaction chamber having an access opening (16) and
a burner (10) as claimed in any one of claims 1 to
9 received and located in said access opening (16)
to direct products of combustion into said reaction
chamber.

11. Apparatus according to claim 10 characterised
by support means extending inwardly from a wall of
said reaction chamber .adjacent said access opening,
said manifold of said burner being supported by said
support means.
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