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(57) Abstract: The invention relates to a burner, particularly for the gasification of solid carbonaceous materials by partial combus-

&= tion. The burner comprises a central channel (2) and at least one coaxial channel (6). The channels (2, 6) are defined by concentric

& walls (3, 5) having free downstream outer ends profiled to define an annular slit (10) forming a discharge end of the coaxial channel
(6) and converging towards an adjacent discharge end of the central channel (2). The burner (1) is encased by a cooling jacket (14)
and comprises a front face (21) with double walls spaced by one or more baffles (28) defining a coolant flow path operatively con-
nected to the cooling jacket (14). The cooling jacket (14) has an upstream section (14A) and a transitional section (25) narrowing
down to the front face (21) having a smaller outer diameter than the upstream cooling jacket section.
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BURNER

The invention relates to a burner comprising a
central channel and at least one coaxial channel
surrounding it for the supply of separate flows of co-
reactive gaseous or gas-carried media. The burner is
particularly suitable for use in the partial combustion
of carbonaceous fuels, such as finely divided solid fuel
carried by a gas carrier, e.g., pulverized coal carried
by a gas carrier such as nitrogen gas and/or carbon
dioxide, using an oxygen-containing gas, e.g., for
producing pressurized synthesis gas, fuel gas or reducing
gas.

Partial combustion, also known as gasification, of a
solid carbonaceous fuel is obtained by the reaction of
the fuel with oxygen. The fuel mainly contains carbon and
hydrogen as combustible components. The gas-carried
finely divided carbonaceous fuel and the oxygen-
containing gas are passed via the separate channels in
the burner into a reactor at relatively high velocity. In
the reactor a flame is maintained in which the fuel
reacts with the oxygen in the oxygen-containing gas at
temperatures above 1300 °C to form mainly carbon monoxide
and hydrogen.

The term "oxygen-containing gas" as used herein is

intended to refer to gas containing free oxygen, O3, and

to include air, oxygen-enriched air, i.e., more than

[}

21 mole % oxygen, and also substantially pure oxygen,
i.e., more than about 95 mole % oxygen, with the
remainder comprising gases normally found in air such as

nitrogen, and/or rare gases.
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The term “solid carbonaceous fuel” as used herein is
intended to include various gas carried combustible
materials and mixtures thereof from the group of coal,
coke from coal, coal liquefaction residues, petroleum
coke, soot, biomass, and particulate solids derived from
0il shale, tar sands and pitch. The coal may be of any
type, including lignite, sub-bituminous, bituminous and
anthracite. The solid carbonaceous fuels are preferably
ground to a particle size so that at least about 90% by
weight of the material is less than 90 microns and
moisture content is less than about five per cent weight.

US-A-4887962 discloses a burner for such a partial
combustion process. The burner comprises a central
channel with an outlet for supplying the fuel to the
combustion zone, and a coaxial annular channel with an
outlet surrounding the central channel outlet to supply
an oxygen containing gas intersecting and mixing with the
flow of solid fuel from the outlet of the central
channel. The burner further comprises a front face
disposed at the discharge end of the burner. The front
face has a central aperture through which the fuel and
the oxygen containing gas flow to the combustion zone.
Approaching the outlet, the diameter of the annular
channel supplying the oxygen containing gas decreases
resulting in an angle with respect to the longitudinal
axis. The thus obtained inclining annular slit should be
stably dimensioned in order to obtain a constant and
evenly distributed flow of oxygen-containing gas. Due to
the inclination of the annular slit in the flow
direction, the issuing gas flow will intersect and mix
with the flow of co-reactive combustible material issuing
from the central channel into the downstream combustion

zone.
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Since the combustion temperatures may reach 1300° C or more, a primary
concern of such burners is to prevent damage to the burner front, also referred to as the
burner face, caused by the high heat flux during the gasification process. To protect the
bumer front from overheating, US-A-4887962 proposes to use a hollow wall member

with internal cooling passages through which fluid coolant is circulated at a rapid rate

along a spiral flow path to assure even cooling of the bumer front face so as to minimize
thermal stresses which could cause deterioration and even failure of the burner during
prolonged operation, particularly by fatigue stresses, which may ultimately result in leaks
of coolant. In US-A-4887962 a large number of spiral turns is required to cool the
complete burner front, resulting in considerable pressure drop.

It is desirable to increase the effectiveness of the coolant flow, particularly where
the thermal stresses are highest.

It is the object of the present invention to substantially overcome or at least
ameliorate one or more of the above disadvantages.

The present invention provides a burner comprising a central channel and at least
one coaxial channel surrounding the central channel, the channels leading from an
upstream supply side to a downstream discharge end, the central channel and the coaxial
channel being defined by concentric inner and outer walls having free downstream outer
ends profiled to define an annular slit forming a discharge end of the coaxial channel and
converging towards an adjacent discharge end of the central channel, the burner being
encased by a cooling jacket and comprising a double walled front face, the double walls
of the front face being spaced by one or more baffles defining a coolant flow path
operatively connected to the cooling jacket wherein the cooling jacket has an upstream
section and transitional section narrowing down to the front face having a smaller outer
diameter than the upstream section of the cooling jacket.

The transitional section can for example wholly or partly be tapered, semi-
spherical or stepped or can have any other suitable shape narrowing down in flow
direction to a smaller diameter. As a result, the cooling effect is focussed on the tip of the
channels where the fuel and oxygen flows intersect and mix and where the thermal
stresses are highest. The pressure drop in the flow path within the front face is effectively
reduced.

The transitional section of the cooling jacket can be directly connected to its
upstream part. Alternatively, the transitional section of the cooling jacket with the
downstream burner parts surrounded by it and the upstream part of the cooling jacket with

the burner parts surrounded by it are mounted on opposite sides of a connection block

AH21(3256471 1):PRW
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having openings to allow flow-through from the upstream part of the channels and
coolant flow paths to their downstream parts. The advantage of such a connection block is
that a more stable and constant outflow of gas through the annular slit results.

Optionally, the cooling jacket comprises at least one compartment with baffles
defining a spiral flow path. A spiral flow path can for example be realized in a cost
effective way with at least three parallel baffles defining parallel channel sections which
are concentric with the burners central channel, each baffle being provided with an
interruption between two facing baffle ends, with parallel partitions each linking a baffle
end to a facing baffle end of an adjacent baffle. This way, the partitions lead the coolant
flow from one channel section to a next one. To hydraulically optimize the coolant flow,

the channel sections can, e.g., be dimensioned such that the cross-sectional area of a

AH21(3256471 1):PRW
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channel section is smaller than the cross-sectional area
of the channel section next in coolant flow direction.

The present burner is well suited to introduce the
reactants in any desired manner, i.e., vertically,
horizontally or under an angle, into the reaction zone of
a partial oxidation gas generator, and is particularly
suited for use in solid fuel gasification apparatus
having a plurality of burners for the reactants
positioned on substantially opposite sides of the
combustion zone, whereby the reactants are introduced
horizontally and the burner jets impinge on each other to
facilitate the partial oxidation process and to minimize
erosion of the refractory wall.

The burner will ordinarily be fabricated of high
temperature resistant materials, particularly high
temperature resistant metals and alloys such as sold
under the trademark Inconel® and be fabricated, e.g., by
welding, brazing or the like. For high duty operations
the channels and outlets for oxygen-containing gas, which
are usually made of metal, may be internally coated with

an oxidic coating, such as ZrOp, or a ceramic, enabling

the application of high flow velocities of the oxygen-
containing gas without the risk of metal combustion by
the oxygen.

The invention will now be described in more detail,
by way of example only, with reference to the
accompanying drawings, wherein:

Figure 1 shows a longitudinal cross section of a
burner according to the invention;

Figure 2 shows a side view of a downstream cooling
jacket part of the burner of figure 1 with the outer wall

partly broken away.
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Figure 1 shows a burner 1 for the partial combustion
of a carbonaceous fuel, such as pulverized coal carried
on for example nitrogen or carbon dioxide gas. The burner
1 comprises a central channel 2 defined by a cylindrical
inner wall 3 disposed along a longitudinal axis and
having a discharge outlet 4 for supplying the gas carried
fuel to a combustion zone. Concentrically arranged around
the inner wall 3 is a cylindrical outer wall 5. The inner
and outer wall 3, 5 define an annular coaxial channel 6
for supplying an oxygen containing gas. The inner wall 3
has a double walled upstream part 3A and a single walled
downstream part 3B. Similarly, the outer wall 5 has a
double walled upstream part 5A and a single walled
downstream part 5B. The coaxial channel 6 has an open
discharge end 7 forming an outlet for the oxygen-
containing gas flow into the combustion zone.

The inner wall 3 has a constant inner diameter and a
conically expanded part 8 with enlarged outer diameter
declining towards the discharge outlet 4 so as to form an
annular bulge with - in this particular embodiment - a
triangular cross section. The downstream part of outer
wall 5B forms a cylinder with a conical end 9 convergent
in flow direction. The part 8 of the downstream inner
wall part 3B and the conical end 9 of the downstream
outer wall part 5B define an annular slit 10 of even
width and wherein part 8 has a diameter decreasing in the
direction of the discharge outlet 4. This annular slit 10
forms the discharge outlet 7 of the coaxial channel 6.

The inner and outer wall parts 3A, 3B, 5A, 5B are
welded to a connection block 11. The block is provided
with apertures 12 in line with the coaxial channel 6, and

a central opening 13 in line with the central channel 2
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and wherein opening 13 has the same diameter as central
channel 2.

The coaxial channel 6 is encased by a cooling jacket
14A at the upstream side of the connection block 11 and a
downstream part 14B at the downstream part of the
connection block 11. Two coaxial casings 15A, 1l6A are
welded to the upstream side of connection block 11 to
form two concentric compartments 17A, 18A of the upstream
cooling jacket section 14A.

The downstream part of the cooling jacket 14B
comprises an inner jacket wall 15B, forming the upstream
extension of upstream inner casing 15A, and an outer
jacket wall 16B, forming the downstream extension of
casing 16A. The space 18B between the jacket walls 15B
and 16B forms the downstream extension of the upstream
cooling jacket compartment 18A and is divided by baffles
19 into spiral channels. The space 17B between inner
jacket wall 15B and the outer wall part 5B forms the
downstream extension of upstream cooling jacket
compartment 17A. The connection block 11 is provided with
two concentric circular arrays of openings 20 connecting
the upstream cooling jacket compartments 17A, 18A with
the downstream cooling jacket compartments 17B, 18B
respectively.

Downstream the cooling jacket section 14B, a double
walled front face 21 is disposed under right angles with
the cooling jacket walls 15B, 16B. The front face 21 has
an inner edge 22 defining a central opening 23 and
adjoining the outer edge of the coaxial channels outer
wall 5B.

The front face 21 has an outer diameter which is
smaller than the outer diameter of the upstream cooling

jacket part 14A. In flow direction the down stream
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cooling jacket part 14B has a first section 24 with the
same outer diameter as upstream cooling jacket casing
14A, and a partly tapered transitional second section 25
narrowing down to the outer diameter of the front face
21.

The double walled front face 21 has a downstream
front wall 26 and a back side wall 27 spaced by baffles
28 defining a spiral flow path 29 in open connection with
downstream cooling jacket compartment 18B. Near the
opening 23 in the front face 21, the flow path 29 between
the front and back side wall 26, 27 of the front face 21
is in open connection with the downstream cooling jacket
compartment 17B via an opening 30 in the front face back
side wall 27.

The upstream inner cooling jacket compartment 17A is
connected to a supply of a liquid coolant. The coolant
flows from the inner cooling jacket compartment 17A, via
openings 20 in block 11, downstream compartment 17B,
opening 30, flow path 29 in front face 21, outer cooling
jacket compartment 18B, openings 20 in block 11, and
outer compartment 18A to a coolant discharge.

The burner 1 of Figure 1 is essentially cylindrical.
The block 11 is a circular block with a diameter
corresponding to the outer diameter of the cooling
jacket. The openings 12 and 20 form a circular arrays
concentric with the central opening 13.

Figure 2 shows the downstream cooling jacket part 14B
with its outer wall 16B partly broken away to show the
spiral flow path 31 in the downstream cooling jacket
compartment 18B between the inner wall 15B and the outer
wall 16B. It i1s noted that the resulting flow direction
of the coolant in the spiral flow path 31 is opposite to

the flow direction of the reactant gaseous media in the
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burner channels. In the cooling jacket compartment 18B,
the coolant flows from the small diameter section
attached to the front face 21 to the direction of the
larger diameter section 24. In Figure 2, the coolant flow
direction is indicated by arrow A. The baffles 19 are
disposed parallel with each other and normal to the walls
15B, 16B, defining parallel channel sections 32. The
baffles 19 are interrupted by openings 33 between an
upper baffle end 34 and a lower baffle end 35. Each lower
baffle end 35 is linked by a partition 36 to the upper
baffle end 35 of the baffle 19 positioned next in the
coolant flow direction A, which is the closest facing
baffle end of the two adjacent baffles 19. This way, the
openings 33 lead a passing coolant flow from one channel
section 32 to the channel section 32 next in coolant flow
direction. Each channel section 32 is wider than the
channel section preceding it in coolant flow direction,
resulting in stepwise increasing cross-sectional area of
the flow path in coolant flow direction. The shortest
distance between two adjacent openings 33 should not be
less than the width of the preceding channel section 32
and should not be more than the width of the channel
section 32 next in coolant flow direction A. To this end,
the upper baffle edges 34 - and the lower baffle edges 35
respectively - are not in line in axial direction but
each upper baffle edge 34 protrudes in tangential
direction relative to the upper baffle edge 34 preceding
in coolant flow direction. Similarly, each lower baffle
edge 35 protrudes in tangential direction relative to the
upper baffle edge 35 next in coolant flow direction. The
openings 33 have a slightly arched shape following the
cylindrical shape of the inner and outer wall parts 15B,

16B.
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During operation of the above described burner for
the gasification of carbonaceous fuel, e.g., pulverized
coal by means of oxygen-containing gas, said coal
suspended in a carrier fluid, such as, e. g., nitrogen or
carbon dioxide, is passed through the central channel to
outlet for introducing the coal into the combustion zone
of a reactor arranged downstream of the burner.
Simultaneously, oxygen-containing gas is passed through
the coaxial channel to its outlet so that the coal and
oxygen—containing gas reactants will be intensively mixed
in the reactor space. The mixing of the reactants can be
further promoted by a swirling motion imparted to one or
both streams by a swirl body of baffles in the

appropriate channel.
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The claims defining the invention are as follows:

1. A burner comprising a central channel and at least one coaxial channel
surrounding the central channel, the channels leading from an upstream supply side to a
downstream discharge end, the central channel and the coaxial channel being defined by
concentric inner and outer walls having free downstream outer ends profiled to define an
annular slit forming a discharge end of the coaxial channel and converging towards an
adjacent discharge end of the central channel, the burner being encased by a cooling
jacket and comprising a double walled front face, the double walls of the front face being
spaced by one or more baffles defining a coolant flow path operatively connected to the
cooling jacket wherein the cooling jacket has an upstream section and transitional section
narrowing down to the front face having a smaller outer diameter than the upstream

section of the cooling jacket.

2. Burner according to claim 1, wherein the transitional section is at least
partly tapered.
3. Burner according to claim 1 or 2, wherein the transitional section of the

cooling jacket encloses a spiral flow path operatively connected to the flow path within

the front face.

4, Burner according to any one of the preceding claims, wherein the
transitional section of the cooling jacket and the upstream part of the cooling jacket are
mounted on opposite sides of a connection block having openings to allow flow-through

through the channels and the coolant flow paths.

5. Burner according to any one of the preceding claims, wherein the
cooling jacket comprises at least one compartment with at least three parallel baffles
defining channel sections concentric with the burners central channel, each baffle being
provided with an opening between two facing baffle ends, with parallel partitions each

linking a baffle end to a facing baffle end of an adjacent baffle.
6. Bumer according to claim 5, wherein the cross-sectional area of a

channel section is smaller than the cross-sectional area of a channel section next in

coolant flow direction.

AH21(3256471 1):PRW
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7. A burner substantially as hereinbefore described with reference to the

accompanying drawings.

Dated 13 January, 2011
Shell Internationale Resarch Maatschappij B.V.
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON

AH21(3256471 1:PRW
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