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Description

[0001] The object of the invention is a method for processing, particularly for flame combustion, substances having
a wide particle size distribution, in which method the fuel is blown, with the aid of a current of air, tangentially into a
swirl chamber containing a burning mass thus creating a vortex, from the centre of which the flow of substance is led
out of the swirl chamber. The invention is also concerned with a reactor for carrying out the method. Though the
substances to be burned are generally granular solids, a low-grade liquid fuel may also be used. The reactor is usually
part of the burner, but simple carburation may also be involved, for example in an industrial process.
[0002] Traditionally, the flame combustion of pulverized materials has been based on grinding the substance to be
burned into a fine-particle dust, which is burned in a flame formed outside the actual burner. The greatest delay permitted
by flame combustion, i.e. the time, in which a particle must be able to burn completely, is clearly less than 1 second,
and is usually only a few tenths of a second. To stabilize the flame and maintain a reasonable length of flame, the
substance to be burned must be ground to a size of less than 0,1 mm. Grinding has taken place in a separate mechanical
mill. It is much more problematic to grind organic fuels to a particle size suitable for flame combustion than it is to grind
coal, for example. Grinding organic fuels to suit dust combustion consumes 1 - 5 MJ/kg of energy, which is much too
great to be economical. Milled peat must also be ground before it becomes suitable for flame combustion. Especially
in small units, dust combustion that requires effective grinding has been economically uncompetitive, while in such
units it has been also necessary to apply fluid bed combustion, which is quite expensive. It is even possible to say that
the lack of a cheap solution to the combustion technique has been one factor weakening the economic competitiveness
of peat and organic fuels.
[0003] A problem in dust combustion is the shortness of the reaction time of the particles, due to which the material
to be burned must be very finely ground. Stability conditions in dust burners are strict, due to the very small mass of
the ignition zone. Stable combustion also requires that the dust to be burned be adequately and evenly dry. For reasons
of safety, dust burners must usually be safeguarded with a support flame using oil or gas. A dust combustion system
thus requires the drying and grinding of the material to be burned, as well as stabilization burners and the dust burners
proper. In small units, a system of this kind is not economically competitive.
[0004] One known combustion method that has also previously been quite widely applied in practice is so-called
melt cyclone combustion, see example DE 1096531. In cyclone burners, all the combustion air is brought to the cyclone
and these generally operate at such a high temperature that the ash forming in the cyclone is removed in a molten
state. Problems with cyclone burners have included the control of the temperature. Too low a temperature has led to
the uncontrolled accumulation of a layer of slag on the walls of the cyclone, while at a high temperature the life of the
protective lining of the cyclone has been too short. Due to the high temperature, emissions of nitrogenous gases from
the cyclone burners have also been large and have exceeded permitted emission limits. For these reasons, cyclone
combustion is scarcely ever used now.
[0005] FR 713080, which is considered to be the closest prior art presents boilers for oil and pulverized coal. A boiler
has an integrated combustion chamber, which consists of a swirl chamber with tangential air and fuel inlets. All air is
fed into the combustion chamber which is efficiently cooled.
[0006] Solutions to these costs and technical problems in dust and cyclone combustion have been sought in fluid-
bed technology, among other things. Unfortunately, however, despite the development of fluid-bed technology, it seems
that its economic competitiveness will remain poor in small units. Fluid-bed technology is divided into the so-called
bubbling fluid bed (BFB) and circulating mass fluid bed (CFB) techniques. In the latter, a large flow of solids travels
through the combustion chamber, and is separated in the cyclone and then returned to the lower section of the vertical
combustion chamber. CFB combustion requires complicated equipment, which includes an air division chamber with
a nozzle base, a vertical reaction chamber, a cyclone, and solids return equipment. CFB combustion is used to create
a selective delay of coarse particles. In CFB combustion, the delay of the particles is primarily determined by the
conditions in the vertical chamber (riser). The essential difference between CFB combustion and traditional cyclone
combustion is in the quantity of solids stored in the system. In CFB combustion, the quantity of solids is much greater
than in cyclone combustion, and almost without exception other solids besides the fuel are used in CFB combustion,
these forming the greater part of the solids in the system. The large amount of solids is intended to improve the stability
of the system and in some applications to reduce emissions too. CFB combustion will clearly not operate above the
sintering temperatures of ash. In cyclone combustion, the quantity of solids is very small and the burners generally
operate in the molten ash range. Both combustion techniques have obvious advantages and certain similarities. The
question naturally arises whether it would be possible to combine the advantages of the simplicity of the equipment of
cyclone combustion with the process-technical advantages of CFB combustion. This invention concerns a method, in
which the principal advantages of a CFB reactor are achieved in a simple swirl chamber. Low-grade liquid fuels are
also a problem in combustion techniques. This invention is intended to solve these problems in the known technology.
[0007] The characteristics of a method according to the invention are described in the accompanying Claim 1 and
the characteristics of a corresponding burner are described in Claim 7. Other advantages and embodiments of the
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invention will become apparent later.
[0008] Using the method according to the invention, it is possible to burn coarse particle solid substances and low-
grade liquid fuels efficiently and at low cost. In the method according to the invention, a swirl chamber is used for the
simultaneous chemical and physical processing of the material being processed. Later, the name Chemi Mechanical
Reactor (CMR), which depicts its operation, will be used for the invention, which operates as follows. Coarse-particle
fuel, together with a gas containing oxygen, is fed to the CMR. The ratio of oxygen and fuel is regulated, generally to
a clearly sub-stoichiometric level, so that the temperature of the cylindrical jacket of the CMR settles to a most suitable
level' of 450 - 650°C. Air is most typically used as the gas containing oxygen, in which case the amount of the flow of
air to be directed to the CMR is, for a dry fuel, 30 - 50 % of the amount of air required for complete combustion. In a
quite restricted area in the centre of the reactor, the temperature becomes much higher than in the cylindrical jacket,
but this is not a problem. The oxidizing gas is brought to the CMR tangentially, so that a vortex is created in the CMR,
preventing the coarse particles from escaping from the CMR. Because of this, solid material collects in the CMR and
circulates as a band along the jacket of the CMR. Due to the internal turbulence in the CMR, the particles made friable
by the temperature collide with one another and with the walls of the CMR and are thus ground into fine particles. In
addition, pyrolysis and evaporation contribute to this phenomenon. When the particles go below a limit size that depends
on their physical state, they leave the CMR. The vortex in the CMR is adjusted so that it permits the passage of particles
whose reaction time in flame combustion is sufficiently small. In the CMR, the delay of large particles becomes great,
whereas fine particulate material leaves the CMR quickly. A selective delay is obviously advantageous to combustion.
[0009] From the above, the following advantages are achieved in the CMR:

1. Due to the full adequate circulation of solids and to sub-stoichiometry, the temperature can be easily and precisely
regulated.
2. The vortex of solids formed inside the CMR evens out circumferential differences in temperature and protect
the structure from overheating.
3. The consumption of energy required for the grinding of the combustible material using chemical and thermal
treatment becomes insignificantly small.
4. It is certain that the amount of solids collecting inside the CMR will stabilize the flame, making support combustion
unnecessary.
5. A great output density (MW/m3) is achieved inside the CMR.
6. Organically bound nitrogen is released under reduction conditions, so that the formation of nitrogen oxides is
minimized.
7. The CMR can be implemented as an uncooled steel structure, without materials problems.

[0010] A burner according to the invention can also operate as a carburettor. It is then better to speak of a reactor,
rather than a burner.
[0011] In what follows, the invention is illustrated with reference to the accompanying Figures, which present one
burner according to the invention.

Figure 1 shows a side view of the burner in partial cross-section.
Figure 2 shows a cross-section of the burner in Figure 1 at II - II.
Figure 3 shows components of the burner in an axonometric view.
Figure 4 shows a partial cross-section of another embodiment of a burner according to the invention.

[0012] Reference number 1 is used to mark the swirl chamber (CMR chamber), into which fuel is brought with the
aid of supporting air from pipe 11 through connection 12, which is set tangentially to swirl chamber 1. At the end of
swirl chamber 1 is a flange 8.1, by means of which it is attached to the end 8.2 of secondary chamber 6. Outlet duct
4 of the swirl chamber is set through these ends. It extends a short distance into secondary chamber 6, the outlet pipe
of which, secondary duct 5, extends at the inner end partly overlapping of outlet duct 4, so that a ring-shaped gap is
formed between them. Secondary air is brought through pipe 2 and connection 3, which is also set tangentially as
connection 12. The burner is attached, for example, to the wall of a boiler by flange 7.
[0013] To ignite the burner, there are electrical resistances 22 around the turbulence chamber 1, and an oil nozzle
9 of connection 12. Naturally, gas can also be used for ignition. In the centre of the front end of swirl chamber 1 there
is a shield pipe 21, inside which a thermo-element itself is set to measure the temperature of swirl chamber 1 (CMR
chamber).
[0014] In Figure 3, the swirl chamber and the secondary air system are separated from each other and swirl chamber
1 has been rotated through about 90° in relation to the situation in Figures 1 and 2. Here connecting pipe 4 is attached
to the flange 8.2 of secondary chamber 6, there being a hole 10 for this purpose in flange 8.1 of swirl chamber 1. Figure
3 does not show the electrical resistances, the temperature sensor, or the ignition burner.
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[0015] The principal dimensions of one pilot device (Figures 1 - 3) and a 2 MW (Figure 4) burners are as follows:

[0016] The amount of air for sub-stoichiometric combustion in swirl chamber 1, i.e. in the CMR chamber, is controlled
so that the temperature in the jacket settles to 450 - 650°C. This generally corresponds to 25-35 % of the consumption
of oxygen taking place in the swirl chamber. A temperature range of 450-550°C is used with organic fuel, and a range
of 550 - 650°C is used with, for example, anthracite. It is essential that the secondary airflow is a concentric toroidal
flow, most advantageously it is a vortical flow around the primary flow. It is also important that the secondary duct 5 is
so close to end 8.2, that a pressure loss is created between them, which evens the toroidal flow.
[0017] The ratio of the length to the diameter of swirl chamber 1 (CMR chamber) is most advantageously 0,5 - 1,1.
The length of the secondary chamber 6 is most advantageously 30 - 50 % of the length of swirl chamber 1. The outlet
duct 4 and the secondary chamber outlet pipe, secondary duct 5 most advantageously overlap by 20 - 30 % of the
diameter of the outlet duct. The diameter of the outlet duct 4 is most advantageously 25 - 35 % of the diameter of swirl
chamber 1. The outlet duct 4 extends advantageously also inside the swirl chamber 1 by 5 - 10 % of its diameter, which
particularly improves the selectivity of the swirl chamber.
[0018] Inside the swirl chamber, i.e. the CMR reactor, the question is not primarily of separation, but rather of the
processing of solid particles into gas compounds and small coke particles. These all leave the swirl chamber through
the outlet duct.
[0019] In certain cases using inert particulate material in the swirl chamber is advantageous, which improves the
grinding of the solid fuel and increases the thermal capacity by evening combustion. The use of an inert substance
can often be arranged so that only as much of it is fed in as leaves to a small extent from the swirl chamber.
[0020] Figure 4 shows a larger output burner, which here is set vertically, when, besides the normal boiler structures,
a second fluid bed can be set up, for example in a drier, which is located on top of the burner. The same reference
numbers as above are used for components that are operationally similar. Thus, here too there is a swirl chamber 1
in the burner, its outlet duct 4, a feed duct 12, a secondary chamber 6, and a secondary duct 5. The swirl chamber 1,
the outlet duct 4, the secondary chamber 6, the secondary duct 5, and the collar 16 described later are all concentric
cylindrical components. Here the burner is set on the base of the firebox 17 of the boiler or similar.
[0021] Fuel is blown, by means of a controlled amount of air, from the inlet connection 12 tangentially into the swirl
chamber 1. Here the inlet connection 12 is the length of the chamber and its height is 2,6 % of the diameter. The height
is advantageously 2 - 4 %. The angular momentum of the fuel flow and the geometry of the chamber determine the
delay time, which further determine the size of the escaping particles. The larger the size of the escaping particles, the

Pilot 2MW Units

Diameter of CMR chamber 200 895 mm
Length of CMR chamber 150 450 mm
Diameter of outlet pipe 50 250 mm
Height of inlet duct 23 mm
Length of inlet duct 450 mm

Properties of sawdust:

Mass ratio of water/solids 0,06 0,06
Maximum particle size 5 5 mm
Average particle size 1 1 mm

Airflow to CMR/stoichiometric airflow:

Minimum 0,4 0,35
Maximum 1,2 1,2

Sawdust input:

Maximum 4,0 110 g/s
Minimum 1,7 20 g/s
Minimum output density 5 1,33 MW/m3

Maximum output density 11 6,6 MW/m3

Length of flame:

Maximum 400 mm
Minimum 150 mm
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longer the flame created. According to a typical criterion, the maximum size of the escaping particles is 0,1 mm, in
which case the length of the flame remains reasonable.
[0022] Differing from the previous application, in this totality the secondary chamber 6 surrounds swirl chamber 1
and secondary blowing is guided to scavenge the outer surfaces of the swirl chamber 1. Operationally, a similar gap
to that above remains in the area of mutual overlapping between the outlet duct 4 of the swirl chamber 1 and the
secondary duct 5 of the secondary chamber 6. Secondary blowing is directed through this ring-shaped gap as a vortical
flow around the main flow. Here too, the secondary blowing creates angular momentum with the aid of wings 13. Eight
wings are welded to the outer end of the swirl chamber at an angle of 23° to the radius. These give the secondary
blowing a rotation with the same direction as that of the main flow of the outlet duct 4. On the other side, the wings 13'
even out the blowing above the swirl chamber 1.
[0023] The swirl chamber 1 is supported from the secondary chamber 6 on four retainers 24. In addition, the swirl
chamber 1 supports lugs 21, inside which sensors are placed to measure the temperature of the jacket. The burner
can be dismantled from below by opening hatch 25, through which swirl chamber 1 can be removed. Connections 23
in the end of the swirl chamber, which can be used to measure temperature or through which ash can be removed,
extend to hatch 25.
[0024] The secondary airflow of duct 19 is divided here into two parts, so that secondary air is led through valve 18
to distribution duct 2, to which secondary chamber 6 is connected, while the secondary air is distributed in the manner
described above. Air is also led from distribution duct 19 to duct 14, which has a ring-shaped opening between collar
16 and secondary duct 5. A third toroidal flow is blown from this.
[0025] During start-up, valve 18 is closed and the swirl chamber is heated by means of resistances 22, when it is
possible to ignite the flow of fuel using an auxiliary flame. After this, the temperature of the swirl chamber 1 is adjusted
on the one hand by adjusting valve 18 and on the other by controlling the fuel-air ratio. The total secondary airflow is
controlled using valve 15.
[0026] In one loading situation, 1,2 MW output was obtained from the burner when the input consisted of 65 g/s of
sawdust with a moisture content of 10 %, 200 g/s of primary air, and 2,6 kg/s (total) of secondary air. The stoichiometric
amount of air would have been only 0,37 kg/s, but is this case the burner was also connected to a fuel dryer. The flow
velocity of the input air was about 16 m/s.
[0027] The adjustment values of the burner are determined by, among other things, the length that the flame is set
to. This sets the limit value for the maximum size of the particles escaping from the swirl chamber. The fuel particles
must then be given such a great angular momentum, that the large particles remain in the swirl chamber for a sufficient
length of time and that when colliding and burning during this time they reach the maximum size permitted.
[0028] In some embodiments, the set criterion is easily fulfilled, in which case the air can be fed to the swirl chamber
separately and the fuel feed can be to some extent fragmentary.

Claims

1. A method for processing fuels with a wide particle size distribution, in which the fuel is blown (12) tangentially with
the aid of an airflow into a swirl chamber (1) containing a burning mass, thus creating a vortex, from the centre of
which a flow of material is led out (4) of the swirl chamber, characterized in that the

- vortex created by the feed of the fuel-air mixture and the diameter of the outlet flow are arranged to create a
selective delay for coarse particles, so that the size of the particles is reduced, through mechanical treatment
caused by evaporation, pyrolysis, and collision, to become smaller than the desired limit value, before they
escape from the swirl chamber (1), and

- that the temperature of the cylindrical jacket of the swirl chamber (1) is held below the melting point of the ash,
and,

- a secondary chamber (6) is provided, equipped with a secondary duct (5), which is arranged to form a sec-
ondary air flow around the outlet flow from the swirl chamber.

2. A method according to Claim 1, especially for flame combustion, characterized in that the feed of air is divided
into two or more stages, in the first of which the material to be burned is fed to the swirl chamber (1) with a sub-
stoichiometric amount of air, and in the subsequent stage the secondary airflow is added as a concentric toroidal
flow around the flow leaving the swirl chamber.

3. A method according to Claim 2, characterized in that the secondary airflow is formed into a vortex that is concentric
and parallel to the primary airflow.
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4. A method according to Claims 2 or 3, characterized in that the secondary airflow is led over the swirl chamber (1),
to cool it.

5. A method according to one of Claims 1 - 3, characterized in that the temperature of the cylindrical jacket of the
swirl chamber (1) is maintained in the range 450-650°C.

6. A method according to one of Claims 1 - 3, characterized in that inert particulate material is also fed to the swirl
chamber (1).

7. A reactor for processing solid substances with a wide particle size distribution, particularly for flame combustion,
which reactor includes essentially a cylindrical swirl chamber (1) having front and rear ends, at least one common
tangential fuel and air connection (11) and a central outlet duct (4), said air connection being arranged to use the
entire primary blowing to create angular momentum in the fuel, characterized in that the burner includes a sec-
ondary chamber (6) equipped with a secondary duct that is concentric to, and greater than the outlet duct (4), and
which is arranged concentrically in the rear end of the swirl chamber (1) so the said outlet duct (4) extends a short
distance into the secondary chamber (6) and the secondary duct (5) extends from the opposite direction partly
overlapping the outlet duct (4), when these form a ring-shaped gap to feed secondary air from the secondary
chamber around the main airflow.

8. A reactor according to Claim 7, characterized in that the ratio of the length and diameter of the swirl chamber (1)
is 0,5 -1,1.

9. A reactor according to Claim 7 or 8, characterized in that the diameter of the outlet duct (4) is 25 - 35 % of the
diameter of the swirl chamber (1).

10. A reactor according to Claim 7 or 8, characterized in that the outlet duct (4) extends inside swirl chamber (1) by 5
- 10 % of the diameter of swirl chamber (1).

11. A reactor according to Claim 7 or 8 characterized in that the secondary chamber surrounds the swirl chamber,
thus cooling it.

12. A reactor according to claim 7 or 8, characterized in that the outlet duct (4) and the outlet duct (5) of the secondary
chamber overlap by 20 - 30 % of the diameter of the outlet duct.

13. A reactor according claim 7 or 8, characterized in that the inlet connection is the same length as the entire swirl
chamber.

14. A reactor according to Claim 13, characterized in that the radial height of the inlet connection (12) is 2 - 4 % of the
diameter of the swirl chamber.

Patentansprüche

1. Verfahren zur Aufbereitung eine breite Teilchengrößenverteilung aufweisender Brennstoffe, bei dem Brennstoff
mit Hilfe eines Luftstroms tangential in die brennendes Material enthaltende Wirbelkammer (1) eingetragen (12)
und so ein Wirbel erzeugt wird, aus dessen Zentrum der Materialstrom aus der Wirbelkammer abgeführt (4) wird,
dadurch gekennzeichnet, dass

- der durch das Einspeisen des Brennstoff-Luft-Gemischs bewirkte Wirbel und der Durchmessers des abge-
henden Stroms so abgestimmt sind, dass für die groben Teilchen eine selektive Verweilzeit dergestalt erreicht
wird, dass sich die Größe der Teilchen infolge der durch Verdampfung, Pyrolyse und Gegeneinanderprallen
bewirkten mechanischen Behandlung auf einen Wert unterhalb eines gewünschten Grenzwertes verringert
bevor sie aus der Wirbelkammer abgehen, und dass

- die Temperatur des Zylindermantels der Wirbelkammer (1) unterhalb des Aschenschmelzpunktes gehalten
wird, und

- eine mit Sekundärkanal (5) ausgerüstete Sekundärkammer (6) eingesetzt wird, wobei dieser Sekundärkanal
(5) einen den aus der Wirbelkammer abgehenden Luftstrom umgebenden Sekundärluftstrom bildet.
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2. Verfahren nach Anspruch 1 insbesondere für Flammenverbrennung, dadurch gekennzeichnet, dass die Luftzufuhr
in zwei oder mehr Stufen unterteilt wird, wobei in der ersten Stufe das zu verbrennende Material zusammen mit
einer unterstöchiometrischen Luftmenge in die Wirbelkammer (1) eingetragen und in der folgenden Stufe ein Se-
kundärluftstrom in Form eines konzentrischen, ringförmigen Stroms um den aus der Wirbelkammer abgehenden
Strom gelegt wird.

3. Verfahren nach Anspruch 2, dadurch gekennzeichnet, dass der Sekundärlufstrom in Form eines zum Primärstrom
konzentrischen und gleichgerichteten Wirbels gebildet wird.

4. Verfahren nach Anspruch 2 oder 3 dadurch gekennzeichnet, dass der Sekundärluftstrom zwecks Kühlens der
Wirbelkammer (1) über diese hinweg geführt wird.

5. Verfahren nach irgendeinem der Ansprüche 1 bis 3, dadurch gekennzeichnet, dass die Temperatur des zylindri-
schen Mantels der Wirbelkammer (1) auf einem Wert im Bereich zwischen 450 und 650 °C gehalten wird.

6. Verfahren nach irgendeinem der Ansprüche 1 bis 3, dadurch gekennzeichnet, dass in die Wirbelkammer (1) auch
inertes körniges Material eingetragen wird.

7. Zur Aufbereitung eine breite Teilchengrößenverteilung aufweisender fester Stoffe insbesondere für die Flammen-
verbrennung dienender Reaktor, der eine im Wesentlichen zylindrische Wirbelkammer (1) mit tangentialen Brenn-
stoff- und Lufteintrittsstutzen (12) und einem zentrischen Abführungskanal (4) hat, dadurch gekennzeichnet, dass
der Brennstoff- und Lufteintrittsstutzen der Wirbelkammer, um mit Hilfe des gesamten Primärstroms dem Brennstoff
einen Drall zu verleihen, zusammengelegt sind, und dass der Brenner eine Sekundärkammer (6) mit einem zum
Abführungskanal (4) konzentrischen, im Durchmesser größeren Sekundärkanal aufweist, der konzentrisch so hin-
ter der Wirbelkammer (1) angeordnet ist, dass sich der besagte Abführungskanal (4) ein Stück in die Sekundär-
kammer (6) hinein erstreckt und der Sekundärkanal (5) aus der entgegengesetzten Richtung teilweise den Abfüh-
rungskanal (4) überlappt, so dass diese beiden Kanäle einen ringförmigen Spalt bilden, über den ein Sekundär-
luftstrom aus der Sekundärkammer um den Hauptstrom herum gelegt wird.

8. Reaktor nach Anspruch 7, dadurch gekennzeichnet, dass das Verhältnis aus Länge und Durchmesser der Wir-
belkammer (1) im Bereich zwischen 0,5 und 1,1 liegt.

9. Reaktor nach Anspruch 7 oder 8, dadurch gekennzeichnet, dass der Durchmesser des Abführungskanals (4) 25
bis 35 % des Durchmessers der Wirbelkammer (1) beträgt.

10. Reaktor nach Anspruch 7 oder 8, dadurch gekennzeichnet, dass der Abführungskanal (4) um einen Betrag von 5
bis 10 % des Durchmessers der Wirbelkammer (1) in die Wirbelkammer (1) hineinragt.

11. Reaktor nach Anspruch 7 oder 8, dadurch gekennzeichnet, dass die Sekundärkammer die Wirbelkammer umgibt
und so deren Kühlung bewirkt.

12. Reaktor nach Anspruch 7 oder 8, dadurch gekennzeichnet, dass sich der Abführungskanal (4) und der Sekundär-
kammer-Abführungskanal (5) um 20 bis 30 % des Abführungskanaldurchmessers überlappen.

13. Reaktor nach Anspruch 7 oder 8, dadurch gekennzeichnet, dass sich der Eintrittsstutzen über die gesamte Länge
der Wirbelkammer erstreckt.

14. Reaktor nach Anspruch 13, dadurch gekennzeichnet, dass die radiale Höhe des Eintrittsstutzens (12) 2 bis 4 %
des Durchmessers der Wirbelkammer beträgt.

Revendications

1. Procédé de traitement de substances comportant un vaste éventail de taille de particules où le combustible est
insufflé (12) tangentiellement à l'aide d'un courant d'air dans une chambre de turbulence (1) contenant une masse
incandescente, ce qui provoque un vortex du milieu duquel le flux de matière est évacué (4) de la chambre de
turbulence, caractérisé par le fait que
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- le vortex engendré par le mélange air-combustible et le diamètre du flux de sortie sont réglés de sorte à laisser
aux particules grossières un temps de réponse permettant de réduire la taille desdites particules grâce à
l'évaporation, la pyrolyse et le traitement mécanique provoqué par les chocs pour que cette taille passe en
dessous d'une valeur limite désirée avant que les particules ne quittent la chambre de turbulence (1), et par
le fait que

- la température autour du cylindre enveloppant la chambre de turbulence (1) est maintenue en dessous du
point de fusion de la cendre, et que

- on utilise une chambre secondaire (6) munie d'un conduit secondaire (5), lequel est disposé de sorte à former
un flux d'air de sortie secondaire autour du flux d'air sortant de la chambre de turbulence.

2. Procédé conforme à la revendication 1, particulièrement pour combustion par flamme, caractérisé par le fait que
l'alimentation d'air est divisée en deux ou plusieurs phases, pendant la première desquelles la matière à brûler
est dirigée avec une quantité d'air sub-stoechiométrique dans la chambre de turbulence (1) ; lors de la deuxième
phase, un flux d'air secondaire est ajouté comme flux circulaire toroïdal concentrique autour du flux sortant de la
chambre de turbulence.

3. Procédé conforme à la revendication 2 caractérisé par le fait que le flux d'air secondaire forme un vortex concen-
trique et parallèle au flux primaire.

4. Procédé conforme à la revendication 2 ou 3, caractérisé par le fait que le flux secondaire est dirigé par-dessus la
chambre de turbulence (1) pour refroidir celle-ci.

5. Procédé conforme à l'une des revendications 1 à 3 caractérisé par le fait que la température du cylindre de la
chambre de turbulence (1) est maintenue dans une zone comprise entre 450 et 650 °C.

6. Procédé conforme à l'une des revendications 1 à 3 caractérisé par le fait qu'on alimente également la chambre
de turbulence (1) avec une matière granuleuse inerte.

7. Réacteur pour le traitement de matières solides à large éventail de taille de particules particulièrement pour com-
bustion par flamme, comprenant comme élément essentiel une chambre de turbulence (1) cylindrique avec des
raccords tangentiels pour l'alimentation en combustible et en air (11) et un conduit d'évacuation central (4), carac-
térisé par le fait que les raccords pour l'alimentation en combustible et en air de la chambre de turbulence servent
ensemble à former un flux primaire engendrant un mouvement angulaire dans le combustible, et que le brûleur
comporte une chambre secondaire (6) munie d'un conduit de sortie secondaire plus grand et concentrique par
rapport au conduit de sortie (4), disposé de façon concentrique au bout de la chambre de turbulence (1) de façon
que ledit conduit de sortie (4) s'étende sur une courte distance à l'intérieur de la chambre secondaire (6) et que
le conduit secondaire (5) s'étende dans la direction opposée en recouvrant partiellement le conduit de sortie (4),
ces deux formant de la sorte un interstice annulaire permettant d'amener un flux d'air secondaire sortant de la
chambre secondaire et entourant le flux principal.

8. Réacteur conforme à la revendication 7, caractérisé par le fait que le rapport entre la longueur et le diamètre de
la chambre de turbulence (1) est compris entre 0,5 et 1,1.

9. Réacteur conforme à la revendication 7 ou 8, caractérisé par le fait que le diamètre du conduit de sortie (4) est
l'équivalent de 25 à 35 % du diamètre de la chambre de turbulence (1).

10. Réacteur conforme à la revendication 7 ou 8, caractérisé par le fait que le conduit de sortie (4) entre dans la
chambre de turbulence (1) sur une distance équivalente à 5 à 10 % du diamètre de la chambre de turbulence (1).

11. Réacteur conforme à la revendication 7 ou 8, caractérisé par le fait que la chambre secondaire entoure la chambre
de turbulence et en assure ainsi le refroidissement.

12. Réacteur conforme à la revendication 7 ou 8, caractérisé par le fait que le conduit de sortie (4) et le conduit de
sortie (5) se recouvrent sur l'équivalent de 20 à 30 % du diamètre du conduit de sortie.

13. Réacteur conforme à la revendication 7 ou 8, caractérisé par le fait que le raccord d'arrivée est d'une longueur
équivalente à la longueur totale de la chambre de turbulence.



EP 0 852 686 B1

5

10

15

20

25

30

35

40

45

50

55

9

14. Réacteur conforme à la revendication 13, caractérisé par le fait que la hauteur radiale du raccord d'arrivée (12)
est l'équivalent de 2 à 4 % du diamètre de la chambre de turbulence.
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