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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims priority from ltal-
ian patent application no. 102019000020506 filed on
06/11/2019.

TECHNICAL FIELD

[0002] The present invention relates to a burner as-
sembly and a method for operating said burner assembly.
In particular, the present invention relates to a burner
assembly configured to burn pulverised fuel such as, for
example, pulverised coal or pulverised biomass.

[0003] The presentinvention also relates to a thermal
steam generation plant comprising said burner assem-
bly.

BACKGROUND ART

[0004] In the solid fuel combustion sector, there is an
ever-increasing need to optimize combustion processes
by reducing the unburntfuel and the excess air. However,
this optimization must be carried out by always keeping
the harmful emission levels (such as, for example, CO
and NOx) below the legal limits.

[0005] Some solutions are described in documents
W02015/037589, US2010/123027 and US4924784. In
particular, documentW02015/037589llustrates the fea-
tures of the preamble of claim 1.

DISCLOSURE OF INVENTION

[0006] Therefore, one object of the present invention
is to provide a burner assembly, which is capable of op-
timizing the combustion of solid fuels and, at the same
time, of complying with the legal limits in terms of emis-
sions.

[0007] In accordance with these objects, the present
invention relates to a burner assembly for burning pul-
verised fuel, comprising:

e a primary duct extending along a longitudinal axis
wherein a flow of air and pulverised fuel flows in one
direction; the primary duct being provided with an
inlet and an outlet;

e a homogeniser device housed inside the primary
duct and comprising a hollow body substantially cen-
tred on the longitudinal axis and provided with an
outer surface and aninner surface; atleastone swirl-
er arranged on the outer surface and/or on the inner
surface so as to create a gradient between the tan-
gential components of the velocities of the air and
fuel flows flowing outside the hollow body and inside
the hollow body.

[0008] A further object of the present invention is to
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provide a method for operating a burner assembly as
claimed in claim 15.

[0009] Still a further object of the present invention is
to provide a steam generation plant as claimed in claim
16.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Furtherfeatures and advantages of the present
invention will be apparent from the following description
of a non-limiting embodiment thereof, with reference to
the figures of the accompanying drawings, wherein:

- Figure 1 is a schematic sectional view, with parts
removed for clarity, of the burner assembly accord-
ing to the present invention;

- Figure 2 is a schematic perspective view, with parts
in section and parts removed for clarity, of a burner
assembly according to the present invention;

- Figure 3 is a schematic perspective view, with parts
in section and parts removed for clarity, of a burner
assembly according to the present invention in ac-
cordance with a first embodiment;

- Figure 4 is a schematic perspective view, with parts
in section and parts removed for clarity, of a burner
assembly according to the present invention in ac-
cordance with a second embodiment;

- Figure 5 is a schematic perspective view of a first
detail of Figure 1;

- Figure 6 is a schematic perspective view of a second
detail of Figure 1;

- Figure 7is a schematic sectional view of a third detail
of Figure 1;

- Figure 8 is a schematic perspective view of the third
detail of Figure 1;

- Figure 9 is a schematic representation of the burner
assembly according to the present invention includ-
ing a velocity diagram.

BEST MODE FOR CARRYING OUT THE INVENTION

[0011] In Figure 1, reference number 1 indicates a
burner assembly according to the present invention.
[0012] In particular, the burner assembly 1 is config-
ured to burn pulverised solid fuel and is part of a thermal
plant for generating steam.

[0013] Inthe non-limiting example described and illus-
trated herein, the burner assembly 1 is configured to burn
pulverised coal. Embodiments provide that the burner
assembly 1 is configured to burn biomass (for example
pellets, pits of various kinds and types, shells of various
kinds and types, etc.), or to burn secondary solid fuel
(CSS), etc.

[0014] Inprinciple, the burnerassembly 1 can burnany
solid fuel that can be adequately pulverised.

[0015] The burner assembly 1 comprises a primary
duct 2, a secondary duct 3, a tertiary duct 5 and an inlet
assembly 6.
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[0016] The primary duct 2 extends along a longitudinal
axis A and is provided with an inlet 7 connected to the
inlet assembly 6, and an outlet 8 facing the combustion
chamber of the thermal plant (not shown for simplicity).
[0017] The outlet 8 and the inlet 7 are preferably axial.
[0018] The secondary duct 3 extends around at least
a portion of the primary duct 2 and is coaxial with the
primary duct 2. In particular, the secondary duct 3 ex-
tends around an outlet portion 9 of the primary duct 2,
which includes the outlet 8.

[0019] The tertiary duct 5 extends around the second-
ary duct 3 and is coaxial with the primary duct 2 and the
secondary duct 3.

[0020] In use, a mixture of air and pulverised fuel flows
in the primary duct 2 in a direction D coming from the
inlet assembly 6. The inlet assembly 6 receives a mixture
of air and pulverised fuel from a dryer mill (not shown for
simplicity).

[0021] Air,normally defined in technical jargon as "sec-
ondary air", flows in the secondary duct 3, whereas air,
normally defined in technical jargon as "tertiary air", flows
in the tertiary duct 5.

[0022] With reference to Figures 1 and 2, the inlet as-
sembly 6 is provided with an elbow duct 10 and at least
one inclined portion 13.

[0023] The first elbow duct 10 is coupled to the inlet 7
of the primary duct 2.

[0024] The inclined portion 13 is arranged upstream of
the first elbow duct 10 along the flow direction of the flow
in the inlet assembly 6.

[0025] The first elbow duct 10 is provided with a back
wall 11. The back wall 11 is preferably transverse to the
longitudinal axis A. In particular, the back wall 11 forms
with the longitudinal axis A an angle B facing the inlet 7.
Preferably, the angle B is greater than 90°, more prefer-
ably greater than 120°.

[0026] In the non-limiting example described and illus-
trated herein, the first elbow duct 10 defines a curve of
approximately 90°.

[0027] Preferably, the inclined portion 13 is directly
coupled to the first elbow duct 10.

[0028] One embodiment, not shown, provides that an
intermediate duct, preferably substantially rectilinear, is
arranged between the first elbow duct 10 and the inclined
portion 13.

[0029] The inclined portion 13 is configured to deflect
the flow of air and fuel in such a way that the flow itself
has a velocity component opposite to direction D.
[0030] In other words, the flow of air and pulverised
fuel flowing in the inclined portion 13 is deflected in a
direction substantially opposite to direction D.

[0031] The inclined portion 13 is defined by a first wall
16 provided with a first outer lateral surface 17 facing the
primary duct 2, and a second wall 18 provided with a
second outer lateral surface 19 not facing the primary
duct 2.

[0032] The inclined portion 13 is configured in such a
way that at least the first wall 16 helps to deflect the flow
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of air and pulverised fuel. In particular, the first wall 16 is
inclined with respect to the longitudinal axis A.

[0033] In particular, the first wall 16 is inclined so as to
form with the longitudinal axis A an angle o facing the
elbow duct 10, preferably less than 60°.

[0034] In the non-limiting example described and illus-
trated herein, the second wall 18 also helps to deflect the
flow of air and pulverised fuel. In particular, the second
wall 18 is also inclined with respect to the longitudinal
axis A.

[0035] Preferably, the first wall 16 and the second wall
18 have the same inclination with respect to the longitu-
dinal axis A. One embodiment, not shown, provides that
the second wall 18 has a different inclination from that of
the first wall 16 with respect to the longitudinal axis A.
[0036] Basically, inthe non-limiting example described
andillustrated herein, the inclined portion 13 substantially
defines a further elbow duct of the inlet assembly 6.
[0037] Preferably, the inclined portion 13 has a con-
stant passage section. Therefore, the axis of extension
B of the inclined portion 13 forms with the longitudinal
axis A an angle facing the primary duct 2 substantially
identical to the angle a.

[0038] The inclined portion 13 is arranged between a
coupling portion 20 of the elbow duct 10 and an inlet
portion 22 of the inlet assembly 6, connected to the dryer
mill (not shown for simplicity).

[0039] The coupling portion 20 and the inlet portion 22
are preferably configured so as to extend substantially
along respective axes C, D orthogonal to the longitudinal
axis A.

[0040] Preferably, the distance between the axes C
and D is equal to the diameter of the inclined portion 13.
[0041] Preferably, the coupling portion 20 and the inlet
portion 22 also have a constant passage section.
[0042] The burner assembly 1 also includes a baffle
element 25, a swirler device 27, a stabiliser device 28
and a lance 30 (optional), a part of which extends inside
the primary duct 2 along the longitudinal axis A.

[0043] In the non-limiting example, the lance 30 is an
oil lance. One embodiment, not shown, provides that the
lance 30 is fuelled by gas or diesel.

[0044] Indetail, thelance 30is housedinalance holder
tube 31 extending along the longitudinal axis A.

[0045] With reference to Figure 1 and Figure 2, the
baffle element 25 is housed, at least in part, in the elbow
duct 10 of the inlet assembly 6.

[0046] In particular, the baffle element 25 is housed in
a coupling portion 23 of the elbow duct 10, which is cou-
pled, in use, to the inlet 7 of the primary duct 2.

[0047] The baffle element 25 is provided with at least
one axial portion 32.

[0048] In the non-limiting example described herein,
the axial portion 32 includes two axial fins 34 (as better
visible in Figure 2), which extend on opposite sides of
the longitudinal axis A.

[0049] Preferably, the axial fins 34 extend in the same
plane passing through the longitudinal axis A.



5 EP 3 819 541 A1 6

[0050] Preferably, the axial fins 34 extend in a plane
passing through the longitudinal axis A and orthogonal
to the axis C of extension of the coupling portion 20 of
the elbow duct 10.

[0051] Preferably, the axial fins 34 are substantially
identical.
[0052] Preferably,the baffle element25is substantially

in contact with the back wall 11. In the non-limiting ex-
ample described and illustrated herein, the baffle element
25 is arranged in such a way that the axial fins 34 are
also substantially in contact with the back wall 10.
[0053] Preferably, the axial length of the axial fins 34
is determined as a function of the diameter of the inclined
portion 13.

[0054] Preferably, the baffle element 25 is provided
with a seat 35 extending along the axis A and configured
to house at least a portion of the lance holder tube 31.
[0055] In use, the baffle 25 deflects the flow entering
the primary duct 2 and coming from the inlet assembly 6.
[0056] The swirler device 27 is housed inside the pri-
mary duct 2 and substantially centred on the longitudinal
axis A.

[0057] The swirler device 27 is configured to rotate the
inlet flow so as to convey the pulverised fuel towards the
inner wall of the primary duct 2.

[0058] With reference to Figure 5, the swirler device
27 comprises a main body 47, which extends along the
longitudinal axis A, and a plurality of blades 49, which
are fixed to an outer surface 48 of the main body 47 and
are evenly distributed around the longitudinal axis A.
[0059] The main body 47 is preferably provided with a
substantially central, axial cavity 50 designed to house
the lance holder tube 31.

[0060] The outer surface 48 of the main body 47 com-
prises a first truncated-cone portion 51, a second trun-
cated-cone portion 52, and a cylindrical portion 53 ar-
ranged between the first truncated-cone portion 51 and
the second truncated-cone portion 52. The first truncat-
ed-cone portion 51 faces the inlet 7 of the primary duct
2, whereas the second truncated-cone portion 52 faces
the outlet 8 of the primary duct 2. The first truncated-cone
portion 51 has a radius increasing along the direction D,
whereas the second truncated-cone portion 52 has a ra-
dius decreasing along the direction D.

[0061] Preferably, the second truncated-cone portion
52 has an inclination with respect to the axial direction
at least 3 times greater than the inclination with respect
to the axial direction of the first truncated-cone portion 51.
[0062] The plurality of blades 49 is fixed to the cylin-
drical portion 53.

[0063] In accordance with an embodiment shown in
Figure 3, the swirler device 27 is replaced by a homog-
eniser device 26 housed inside the primary duct 2 down-
stream of the baffle 25 along the direction D.

[0064] Withreference to Figure 6,the homogeniserde-
vice 26 comprises a hollow body 37, which is substantially
centred on the longitudinal axis A and provided with an
outer surface 38 and an inner surface 39. The flow of air
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and pulverised fuel flows inside and outside the hollow
body 37.

[0065] The homogeniser device 26 is provided with at
least one swirler arranged on the outer surface 38 and/or
ontheinnersurface 39 so astocreate agradientbetween
the tangential components of the velocities of the flow of
air and fuel flowing outside the hollow body 37 and flowing
inside the hollow body 37.

[0066] Preferably, the tangential component of the ve-
locity of the flow of air and fuel flowing outside the hollow
body 37 is opposite to the tangential component of the
velocity of the flow of air and fuel flowing inside the hollow
body 37.

[0067] In the non-limiting example described and illus-
trated herein, the homogeniser device 26 comprises an
outer swirler 40 coupled to the outer surface 38 of the
hollow body 37 and an inner swirler 41 coupled to the
inner surface 39 of the hollow body 37.

[0068] Preferably, the homogeniser device 26 is fixed
to the lance holder tube 31.

[0069] Preferably, the hollow body 37 is cylindrical.
[0070] In detail, the outer swirler 40 is configured to
give the flow a first tangential velocity component and
the inner swirler 41 is configured to give the flow a second
tangential velocity component different from the first tan-
gential velocity component.

[0071] Preferably, the first tangential velocity compo-
nent is opposite to the second tangential velocity com-
ponent.

[0072] In the non-limiting example described and illus-
trated herein, the outer swirler 40 is configured to rotate
the flow in direction VI. Whereas, the inner swirler 41 is
configured to rotate the flow in direction V2 opposite to
direction VI.

[0073] The outer swirler 40 comprises a plurality of out-
er fins 43, which protrude from the outer surface 38 of
the hollow body 37.

[0074] Preferably, the outer fins 43 extend orthogonal-
ly from the outer surface 38 and are arranged parallel
and equidistant from one another along the outer surface
38.

[0075] Preferably, the outer fins 43 are arranged along
a direction transverse to the longitudinal axis A.

[0076] Similarly, the inner swirler 41 comprises a plu-
rality of inner fins 45, which protrude from the inner sur-
face 39 of the hollow body 37.

[0077] Preferably, theinnerfins 45 extend orthogonally
from the inner surface 39 and are arranged parallel and
equidistant from one another along the inner surface 39.
[0078] Preferably, the inner fins 45 are arranged along
a direction transverse to the longitudinal axis A.

[0079] Preferably, the plurality of inner fins extends in-
side the hollow body 37 up to the lance holder tube 31.
At least one of the inner fins 45 has one end coupled to
the lance holder tube 31 and one end coupled to the inner
surface 39 in order to fix the homogeniser device 26 to
the lance holder tube 31.

[0080] One embodiment, not shown, provides that the
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inner ends of the inner fins 45 can be coupled to a tubular
portion which, in use, will be fitted on the lance holder
tube 31.

[0081] In accordance with an embodiment shown in
Figure 4, the burner assembly 1 includes the homoge-
niser device 26 and the swirler device 27, both housed
inside the primary duct 2.

[0082] Preferably, the homogeniser device 26 is
housed downstream of the baffle element 25 and up-
stream of the swirler device 27 along direction D.
[0083] With reference to Figures 2, 7 and 8, the stabi-
liser device 28 is arranged at the outlet 8 of the primary
duct 2.

[0084] The stabiliser device 28 comprises an annular
element 55 centred on the longitudinal axis A and pro-
vided with an inner surface 56 and an outer surface 57,
and a plurality of cooling fins 59 coupled to the outer
surface 57 and facing the secondary duct 3.

[0085] The cooling fins 59 are substantially evenly dis-
tributed around the longitudinal axis A and arranged equi-
distant.

[0086] Preferably, the cooling fins 59 are arranged
transverse to the longitudinal axis A.

[0087] More preferably, the cooling fins 59 are config-
ured to deflect the secondary air flow without changing
its tangential component.

[0088] The annularelement55 is provided with an inlet
61 coupled to the primary duct 2, and an outlet 62 facing
the combustion chamber (not shown).

[0089] The inner surface 56 of the annular element is
substantially cylindrical and preferably has a diameter d2
substantially identical to the diameter d1 of the primary
duct 2.

[0090] Preferably, the stabiliser device 28 also com-
prises a toothed ring 65 arranged along the inner surface
56 near the outlet 62.

[0091] The toothed ring 65 can be arranged flush with
the outlet 65 or in a slightly rearward position (as shown
in the examples of Figures 1, 7 and 8).

[0092] The toothed ring 65 is provided with a plurality
of radially arranged and evenly distributed teeth 66.
[0093] The outer surface 57 of the annular element 55
comprises at least a first truncated-cone portion 68 and
a second truncated-cone portion 69, which are preferably
contiguous.

[0094] Preferably, the outer surface 57 also comprises
a cylindrical portion 70 coupled to the second truncated-
cone portion 69. In other words, the second truncated-
cone portion 69 is arranged between the first truncated-
cone portion 68 and the cylindrical portion 70. The cylin-
drical portion 70 is near the inlet 61 of the annular element
55, whereas the first truncated-cone portion 68 is near
the outlet 62 of the annular element 55.

[0095] The inclination 31 of the first truncated-cone
portion 68 and the inclination 82 of the second truncated-
cone portion 69 with respect to a direction parallel to the
longitudinal axis A are different.

[0096] In particular, the inclination 81 of the first trun-
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cated-cone portion 68 is greater than the inclination 62
of the second truncated-cone portion 69 with respect to
a direction parallel to the longitudinal axis A.

[0097] Furthermore, the first truncated-cone portion 68
and the second truncated-cone portion 69 have a radius
increasing in the advancing direction D of the flow.
[0098] In this way, an annular face 72 is defined at the
outlet, which face preferably extends along a plane or-
thogonal to the longitudinal axis A.

[0099] In use, the mixture of air and fuel powder is fed
to the inlet assembly 6.

[0100] The conformation of the inlet assembly 6 caus-
es a deflection of the flow of air and fuel powder such as
to concentrate the fuel powder in a given area of the
primary duct 2. In the non-limiting example described and
illustrated herein, the conformation of the inlet assembly
6 causes a deflection of the flow of air and fuel powder
such as to concentrate the fuel powder near the back
wall 11 of the elbow duct 10 of the inlet assembly 6.
[0101] Inthe primary duct 2, the succession of the baf-
fle element 25 and the swirler element 27 helps to gen-
erate a flow entering the stabiliser device 28 in which the
fuel powder is homogeneously concentrated in a periph-
eral annular ring. In this way, the annular ring with a high
concentration of fuel powder impacts on the toothed ring
65, which slows down the fuel powder and conveys it
along the axis of the duct 2.

[0102] Furthermore, the special conformation of the
stabiliser device 28 causes the generation of a flame pro-
vided with, near the outlet 62, a recirculation area with
low air content and high fuel content in which, advanta-
geously, volatiles are released.

[0103] The toothed ring 65 slows down the fuel-rich
flow and conveys it along the axis of the duct 2, whilst
the arrangement of the two truncated-cone portions 68
and 69 facilitates the creation of recirculation areas with
low air content. The primary air, in fact, is concentrated
in the axial area, whereas the secondary air is deflected
by the two truncated-cone portions 68 and 69 away from
the axial area.

[0104] In particular, the toothed ring 65 forces the car-
bon particles to slow down below the backfire speed of
the fuel. This causes the ignition to occur substantially
atthe toothed ring 65, and the resulting hot exhaust gases
are carried to the recirculation areas. The recirculation
of the hot gases self-sustains the ignition of fresh fuel
entering the chamber despite the presence of a low-ox-
ygen area.

[0105] In this way, a very high flame stability is ob-
tained, which allows operation with reduced loads. In fact,
in the absence of controlled backfire and recirculation of
hot fumes, the flame would go out with low loads.
[0106] Basically, with reference to the schematic axial
velocity diagram shown in Figure 9, the burner assembly
1 according to the present invention causes the genera-
tion of a substantially toroidal recirculation volume VR
with low air content, surrounded by an area ZO with high-
er oxygen concentration.
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[0107] In the VR recirculation volume, the high tem-
perature in conditions of low oxygen causes the release
of coal volatile matter. In this way, the formation of nitro-
gen oxides (NOx) from fuel-bound nitrogen (N2) is hin-
dered and the reduction of nitrogenous compounds
(NO2, NO, N20, N20) into N2 is promoted.

[0108] In the recirculation volume VR, the fuel flow is
drawn into a recirculation motion instead of immediately
leaving the combustion chamber. Therefore, the resi-
dence time of the fuel in the combustion chamber in-
creases. This facilitates the completion of the combustion
and therefore reduces the unburnt materials.

[0109] This solution allows recirculation even with re-
duced loads. This leads to a strong reduction of unburnt
materials with reduced loads.

[0110] Thisresultsinasignificantimprovementin com-
bustion efficiency.

[0111] The presence of the homogeniser device 26,
albeit optional, improves the homogeneity and segrega-
tion of the fuel powder in the peripheral annular ring, re-
sulting in a further improved combustion efficiency.
[0112] Lastly, it is clear that modifications and varia-
tions may be made to the burner assembly and method
described herein without departing from the scope of the
appended claims.

Claims

1. Aburnerassembly for burning pulverised fuel includ-
ing:

« a primary duct (2) extending along a longitudi-
nal axis (A) wherein a flow of air and pulverised
fuel flows in one advancing direction (D); the pri-
mary duct (2) being provided with an inlet (7)
and an outlet (8);

» a homogeniser device (26) housed inside the
primary duct (2) and comprising a hollow body
(37) substantially centred on the longitudinal ax-
is (A) and provided with an outer surface (38)
and an inner surface (39);

the burner assembly being characterised in
that the homogeniser device (26) comprises at
least one swirler (40; 41) arranged on the outer
surface (38) and/or on the inner surface (39) so
as to create a gradient between the tangential
components of the velocities of the air and pul-
verised fuel flow flowing outside the hollow body
(37) and inside the hollow body (37).

2. The burner assembly according to claim 1, wherein
the tangential component of the velocity of the flow
of air and pulverised fuel flowing outside the hollow
body (37) is opposite to the tangential component of
the velocity of the flow of air and pulverised fuel flow-
ing inside the hollow body (37).
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3.

10.

1.

12.

13.

The burner assembly according to claim 1, wherein
the homogeniser device (26) comprises an outer
swirler (40), coupled to the outer surface (38) of the
hollow body (37) and configured to give the flow a
first tangential velocity component, and an inner
swirler (41), coupled to the inner surface (39) of the
hollow body (37) and configured to give the flow a
second tangential velocity component different from
the first tangential velocity component.

The burner assembly according to claim 3, wherein
the outer swirler (40) is configured to rotate the flow
in a first direction (VI) and the inner swirler (41) is
configured to rotate the flow in a second direction
(V2) opposite to the first direction (VI).

The burner assembly according to claim 3 or 4,
wherein the outer swirler (40) comprises a number
of outer fins (43), which protrude from the outer sur-
face (38) of the hollow body (37).

The burner assembly according to claim 5, wherein
the outer fins (43) extend orthogonally from the outer
surface (38) and are arranged parallel and equidis-
tant one from the other along the outer surface (38).

The burner assembly according to claim 5 or 6,
wherein the outer fins (43) are arranged along a di-
rection transverse to the longitudinal axis (A).

The burner assembly according to anyone of the
claims from 3 to 7, wherein the inner swirler (41)
comprises a plurality of inner fins (45), which pro-
trude from the inner surface (39) of the hollow body
(37).

The burner assembly according to claim 8, wherein
the inner fins (45) extend orthogonally from the inner
surface (39) and are arranged parallel and equidis-
tant one from the other along the inner surface (39).

The burner assembly according to claim 8 or 9,
wherein the inner fins (45) are arranged along a di-
rection transverse to the longitudinal axis (A).

The burner assembly according to anyone of the
foregoing claims, wherein the hollow body (37) is
cylindrical.

The burner assembly according to anyone of the
foregoing claims, comprising a swirler device (27)
housed inside the primary duct (2) and substantially
centred on the longitudinal axis (A).

The burner assembly according to claim 12, wherein
the homogeniser device (26) is arranged between
the inlet (7) and the swirler device (27).



14.

15.

16.
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The burner assembly according to anyone of the
foregoing claims, comprising at least one baffle ele-
ment (25) arranged upstream the homogeniser de-
vice (26) along the advancing direction (D).

A method for operating a burner assembly as
claimed in anyone of the previous claims, comprising
the step of supplying a mixture of air and pulverised
fuel to the burner assembly (1).

A steam generation plant comprising a burner as-
sembly (1) as claimed in anyone of the claims 1 to 14.
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