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Abstract

A method and a system for feeding combustion air of a
soda recovery boiler to a furnace (7), in which the air is
fed to the boiler furnace (7) as primary air jets (5) and
auxiliary air jets (6), which are substantially shorter than
the primary air jets. According to the invention, at least
one primary air jet (5) is placed between two opposite
auxiliary air jets (6).
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1
SYSTEM FOR FEEDING COMBUSTION AIR IN A SODA RECOVERY
BOILER

The invention relates to a method for feeding combustion air in a soda
recovery boiler according to the preamble of the appended claim 1.
The invention also relates to a system for feeding combustion air in a
soda recovery boiler according to the preambie of the appended
claim 3, as well as to a soda recovery boiler using the system for feed-
ing combustion air according to the preamble of the appended claim 9.

Spent liquor, or so-called black lye, is generated particularly in some
manufacturing processes of the paper industry, such as pulping. The
black lye is burnt in recovery boilers made for the processing of black
lye, i.e. so-called soda recovery boilers, wherein energy, flue gases
and chemicals used during the pulping are released from the black lye.
The feeding of combustion air affects particularly the usability of the
apparatus and the releases.

It is known to feed combustion air to different air feeding levels of the
soda recovery boller, i.e. so-called primary, secondary, tertiary and
quaternary levels, wherein it is possible to control the combustion in the
different parts of the boiler and thereby to achieve as complete a com-
bustion as possible. In the feeding of combustion air, it has turned out
to be problematic that the combustion air is typically not divided evenly
on the whole air feeding level but various turbulences are developed in
the boiler which prevent the appropriate combustion of the black lye.

To eliminate the problem, various systems have been developed for
feeding combustion air. US patent 5,305,698 discloses an arrange-
ment, in which the combustion air is introduced into the furnace of the
boiler from opposite edges in such a way that the air jets emitted from
the opposite edges of the furnace are interlaced. A problem in such an
arrangement is that the air jets either impinge on the opposite wall of
the furnace or the air jets remain short. In the impact between the air
Jet and the wall, a turbulence area is developed which is harmful for the
combustion process. If the air jets remain short, the combustion air is
not mixed in a desired way with the substance to be combusted.
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US patent 5,305,698 also discloses an arrangement in which combus-
tion air is introduced from opposite edges of the furnace of the boiler in
such a way that short and long air jets are introduced alternately from
the edges of the furnace, and the air jets emitted from the opposite
edges of the furnace meet in such a way that a short air jet meets a
long air jet coming from the opposite side (in other words, so-called
partial interlacing of the air jets takes place). Typically, in such an
arrangement, the air jets hit each other and a so-called droplet lift is
developed in the impact area where the droplets of black lye are
entrained in a strong upwards flue gas flow carrying said droplets to the
upper part of the furnace. In this case, the combustion process in the
boiler is distorted as the combustion is effected "in the wrong place”
wherein, for example, the efficiency of the boiler is changed and the
releases are increased.

It is a primary aim of the present invention to disclose an arrangement
for feeding combustion air, whereby the combustion air can be fed into
the furnace substantially evenly on the whole air feeding level.

To attain this purpose, the method according to the invention is primar-
ily characterized in what will be presented in the characterizing part of
the independent claim 1.

The system for feeding combustion air according to the invention is
primarily characterized in what will be presented in the characterizing
part of the independent claim 3. The boiler using the system for feeding
combustion air, in turn, is primarily characterized in what will be pre-
sented in the characterizing part of the independent claim 9.

The other, dependent claims will present some preferred embodiments
of the invention.

The aim of the invention is to feed the combustion air to the boiler fur-
nace substantially evenly on the whole air feeding level. The combus-
tion air is fed into the furnace from opposite edges of the furnace in
such a way that both and short long air jets are fed from both edges of
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the fumace. The long air jets extend close to the opposite edge of the
furnace, and the short air jets extend preferably less than half-way the
distance between the opposite edges of the furnace. According to the
invention, the long air jet extends close to the opposite edge, between
two short air jets emitted from said opposite edge.

The opposite walls of the boiler furnace are equipped with nozzles for
feeding combustion air. There are two different main types of nozzles:
primary nozzles, which are used to produce an air jet extending far in
the furnace, and auxiliary nozzles, whose air jets have a substantially
short range. The nozzles are placed in the wall of the boiler in such a
way that the auxiliary nozzles are placed on both sides of the primary
nozzle, and two auxiliary nozzles are placed between two primary noz-
zles. The primary nozzle and the auxiliary nozzle may be formed of
several nozzles, provided that they produce a jet which substantially
corresponds to a jet emitted by a single nozzle.

The primary nozzles and the auxiliary nozzles to be placed on the
same wall of the boiler furnace may be located at the same height or at
different heights in the vertical direction. However, in view of the air
jets, it 1s advantageous to place the nozzies substantially at the same
height so that the auxiliary nozzles are slightly above the primary noz-
zles.

The nozzles to be placed on opposite walls may be placed either at the
same height or at different heights in the vertical direction so that the
nozzles are directed substantially towards the nozzles in the opposite
wall in the furnace. By placing the nozzles of the opposite walls at
slightly different heights, the air feeding level becomes slanted, which

has, in some uses, an advantageous effect on the air and gas flows in
the furnace.

The supply of combustion air according to the invention provides a
uniform "flow mat” which covers substantially the whole air feeding
level and in which the air jets are preferably turned upwards, which, in
turn, has an advantageous effect on the mixing of the flue gas with air.
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The supply of combustion air according to the invention can be used on
different levels for feeding combustion air in the boiler, such as, for
example, the primary, secondary, tertiary or quaternary levels.

In the following, the invention will be described in more detail with
reference to the appended principle drawings, in which

Fig. 1 shows a vertical cross-section of a soda recovery boiler,

Fig. 2 shows a horizontal cross-section of the system for feeding
combustion air according to one embodiment of the inven-
tion,

Fig. 3 shows the horizontal cross-section of a system for feeding
combustion air according to another embodiment of the
invention,

Fig. 4 shows the vertical cross-section of the system for feeding

combustion air according to another embodiment of the
iInvention, and

Fig. 5 shows the horizontal cross-section of the system for feeding
combustion air according to a third embodiment of the
invention.

Figure 1 shows the typical structure of a soda recovery boiler. The
soda recovery boiler is a tower-like construction whose furnace 7 is
typically rectangular or square in the horizontal cross-section. The
boiler comprises means TP which are suitable for feeding fuel, such as
nozzles suitable for black lye, by means of which the substance to be
burnt is fed into the furnace 7. The combustion air needed for the com-
bustion is fed into the furnace 7 on different functional air feeding lev-
els, such as primary T1, secondary 12, tertiary T3 and quaternary T4
levels shown in the figure. The functional air feeding level T1-T4 typi-
cally comprises 1 to 3 sublevels.
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The system 1 for feeding combustion air according to the invention can
be placed on any functional air feeding level T1-T4 or on any sublevel
of the functional air feeding level. The following discussion of the
invention will deal with one air feeding level or sublevel and an air
feeding system 1 placed on the same. One of the simplest embodi-
ments of the combustion air feeding system 1 according to the inven-
tion is shown in Fig. 2. Another embodiment of the feeding system 1
according to the invention is shown in Fig. 3, seen from above, and the
same embodiment is shown in a side view in Fig. 4.

The opposite walls 2 of the furnace 7 are equipped with nozzles 3, 4 for
feeding combustion air. There are two different main types of the noz-
Zles: primary nozzles 3, which are used to produce an air jet 5 extend-
ing far in the furnace 7, and auxiliary nozzles 4, whose air jets 6 have a
short range. The nozzles 3, 4 are placed on the wall 2 as shown in
Fig. 3, wherein there are auxiliary nozzies 4 on both sides of the pri-
mary nozzle 3, and two auxiliary nozzies between two primary nozzles.
It is also possible to form the primary nozzle 3 and the auxiliary nozzle
4 of several separate nozzies, provided that the jet 5, 6 produced by
them substantially corresponds to a jet emitted by a single nozzle. In
the following description of the invention, the primary 3 and auxiliary 4
nozzles will be discussed as if they were single nozzles, but in the spirit
of the invention, said nozzles may also consist of several nozzles.

It is advantageous to place nozzles in opposite walls 2 of the furnace 7
INn such a way that the number of primary nozzles 3 differs by one
between the walls. For example, when there are two primary nozzles 3
In the first wall 2, it is advantageous to use one or three primary noz-
Zles in the opposite wall. Said arrangement has been shown to have an
advantageous effect on the mixing of air with flue gas in the furnace 7.
Naturally, it will be obvious that the number of primary nozzles 3 and
the primary air jets 5 produced by them may vary freely within the basic
idea of the invention, and naturally it is possible to provide the air sup-
ply In such a way that there are no primary nozzles in one of the walls.

The nozzles 3, 4 placed in opposite walls 2 are located horizontally so
that the jet 5 of the primary nozzle 3 is placed substantially between
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the jets 6 from two adjacent auxiliary nozzles 4 in the opposite wall, as
shown in Fig. 3. The auxiliary nozzles 4 of the opposite walls 2 may be
placed as shown in Fig. 3 so that the jets 6 from the auxiliary nozzies
are aligned. It is also possible to place the auxiliary nozzies 4 as shown
In Fig. 5, wherein the jets 6 from the auxiliary nozzles are on different
lines. The arrangement of Fig. 5 is advantageous when the number of
primary nozzles 3 is relatively small.

The primary nozzles 3 and the auxiliary nozzles 4 placed in the same
wall 2 can be in the same plane or in different planes in the vertical
direction; however, it is advantageous to place the nozzles, as shown
in Fig. 4, in substantially the same plane so that the auxiliary nozzles
are slightly above the primary nozzles.

The nozzles 3, 4 placed in opposite walls 2 may be positioned either on
the same level or on different levels in the vertical direction so that the
nozzles are directed substantially towards the nozzles in the opposite
wall. By placing the nozzles 3, 4 of the opposite walls 2 on slightly dif-
ferent levels, the blowing level can be made slanted, which has an
advantageous effect in some uses.

Next, we shall describe the principle of operation of the above-
presented system 1 for feeding combustion air.

The primary jet 5 supplied from the primary nozzle 3 is substantially
stronger than the auxiliary jets 6 supplied from the auxiliary nozzles 4.
The primary jet 5 penetrates the flue gas flowing vertically in the boiler
furnace 7, towards the opposite wall 2. Close to the opposite wall 2, the
primary jet 5 is positioned between two auxiliary jets 6 supplied from
said opposite wall. The strength of the primary jet 5 is preferably such
that the jet does not extend to the opposite wall 2, to avoid turbulences
caused by the impingement of the jet on the wall. Preferably, the length
of the primary jet § is about % of the distance between the opposite
walls 2. The strength of the auxiliary jets 6, which meet the sides of the
opposite primary jet 5, is, in turn, preferably such that the jets do not
extend to the area of influence of the opposite auxiliary jets, wherein no
so-calied droplet lift is developed in the furnace 7. Preferably, the
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length of the primary jets 6 is less than one half of the distance
between the opposite walls 2.

When the sides of the primary jet 5 and the opposite auxiliary jet 6
meet, an area of turbulence is formed in said area. This phenomenon
will make the mixing of air and flue gas more efficient as well as sup-
press the air jets 5, 6 in a desired manner, preventing the above-men-
tioned undesired impacts on other jets and/or walls 2. The primary jet 5
and the auxiliary jets 6 placed by its sides constitute a substantially
uniform flow area penetrating the furnace 7. Consequently, parallel and
opposite primary jets 5 and auxiliary jets 6 adjacent to each other, in
turn, constitute a substantially uniform "flow mat” covering the furnace
7 in the horizontal direction. In the area of said flow mat, the flows of
the jets 5, 6 turn preferably upwards when mixed with the flue gases,
wherein the mixing of air with the flue gas becomes more efficient and
said mixing takes place evenly in the area of the whole air feeding
level.

The feeding of combustion air according to the invention can be used
on different air feeding levels in the boiler, such as, for example, pri-
mary T1, secondary T2, tertiary T3 and quaternary T4 levels, as well as
on other possible air feeding levels and their sublevels. The supply of
the combustion air can be arranged on each different air feeding level
uniformly with the other levels, or the supply of combustion air can be
implemented on one or more air feeding levels in a mirror-like manner
or in a direction transverse to the inputs of other air feeding levels.

Naturally, it will be obvious that the invention is not limited only to the
embodiment presented in the preceding example, but the method for
feeding combustion air in a boiler can also be used in boilers of other
types than the soda recovery boiler given in the example, such as for
example power boilers; particularly in fluidized bed boilers, said method
for feeding air may be an advantageous arrangement.

By combining, in various ways, the operation modes and structures
presented in connection with the different embodiments of the invention
presented above, it is possible to produce various embodiments of the
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iInvention in accordance with the spirit of the invention. Therefore, the
above-presented examples must not be interpreted as restrictive to the
invention, but the embodiments of the invention can be freely varied
within the scope of the inventive features presented in the claims
hereinbelow.
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Claims

1. A method for feeding combustion air in a soda recovery boiler, in
which the air is fed into the boiler furnace (7) as primary air jets (5) and
auxiliary air jets (6) which are substantially shorter than the primary air
jets, characterized in that at least one primary air jet (5) is placed
between two auxiliary air jets (6) in the opposite direction.

2. The method (1) for feeding combustion air according to claim 1,
characterized in that one more primary air jet () is arranged from the
first wall (2) than from the second wall of the furnace (7).

3. A system (1) for feeding combustion air in a soda recovery boiler, for
feeding air into a furnace (7) limited by vertical walls (2), which system
for feeding combustion air comprises
- at least one primary nozzle (3) to produce a primary air jet
(5), and
- at least two auxiliary nozzles (4) to produce auxiliary air
jets (6) smaller than the primary air jet,
characterized in that at least one primary nozzle (3) and two auxiliary
nozzles (4) are arranged in such a way that the primary air jet (9) Is
placed between two auxiliary air jets (6), which auxiliary air jets are
substantially opposite to the primary air jet.

4. The system (1) for feeding combustion air according to claim 3,
characterized in that at least two auxiliary nozzles (4) are arranged
between two adjacent primary nozzles (3) producing opposite primary
air jets (5), and the auxiliary air jets (6) of said at least two auxiliary
nozzles are substantially opposite to each other.

5. The system (1) for feeding combustion air according to claim 3,
characterized in that at least two auxiliary nozzles (4) are placed
between two adjacent primary nozzles (3) producing primary air jets

(5).

6. The system (1) for feeding combustion air according to any of the
claims 3 to 5, characterized in that the primary nozzies (3) and the
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auxiliary nozzles (4) are placed substantially on the same horizontal
level.

7. The system (1) for feeding combustion air according to any of the
claims 3 to 5, characterized in that the auxiliary nozzles (3) are
placed above the primary nozzles (4).

8. The system (1) for feeding combustion air according to claim 1,

characterized in that the primary nozzle (3) and/or the auxiliary noz-
zle (4) comprises one or more nozzles.

9. A soda recovery boiler, characterized in that the soda recovery
boiler comprises the system (1) for feeding combustion air according to
claim 3, provided with an air feeding level or a sublevel for an air feed-
Ing level, for feeding air into the boiler.

10. The soda recovery boiler according to claim 9, characterized in
that the system (1) for feeding combustion air is placed on at least one
of the following air feeding levels or their sublevels: primary level (T1),
secondary level (T2), tertiary level (T3), quaternary level (T4).

11. The soda recovery boiler according to claim 9 or 10, characterized
in that the system (1) for feeding combustion air is placed on two or
more of the following air feeding levels or their sublevels: primary level
(T1), secondary level (T2), tertiary level (T3), quaternary level (T4).
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