
 1 

Optimized nozzle for injecting pressurized water containing a dissolved 

gas.  

1.  Field of the invention 

The field of the invention is that of methods and devices for treating liquid 

effluents by flotation.  5 

2. Prior art  

Many methods for treating liquid effluents include a flotation step, 

generally following steps of coagulation and flocculation. 

Flotation is a technique that is aimed at separating the particles in 

suspension in a liquid effluent. 10 

To this end, pressurized water containing a dissolved gas such as air is 

injected through nozzles 1 at the base of the flotation zone 2 of a flotation reactor 

within which the effluent to be treated is conveyed via an inlet pipe 3. Under the 

effect of expansion of the gas dissolved in this water, microbubbles of gas get 

formed in the effluent to be treated. These microbubbles, in rising to the surface of 15 

the effluent to be treated, cling to the particles in suspension, which essentially 

take the form of flocs, and carry them along. These particles to which microbubbles 

are attached are then called floc-bubble agglomerates. The mixture of effluent and 

agglomerates passes from the flotation zone 2 to the separation zone 4 of the 

reactor.  These two zones are separated from each other by a vertical wall 7. The 20 

particles in suspension are thus separated in the separation zone 4. The treated 

effluent gets discharged at the lower part of the separation zone via 4 a pipe 5 

planned for this purpose. The particles separated from the effluent for their part 

are discharged at the upper part of the reactor via a chute 6 provided for this 

purpose.  25 

In order to inject pressurized water containing dissolved gas into the 

effluent to be treated, injection nozzles are used. They are distributed uniformly in 

the lower part of the flotation zone of the flotation reactor.  

As shown in figure 2, which illustrates an injection nozzle developed by the 

Applicant, such an injection nozzle comprises: 30 

- a cylindrical intake chamber 10 for pressurized water comprising an inlet 

100 and an outlet 101; 
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- a cylindrical expansion chamber 11 comprising an inlet 110 

communicating with the intake chamber 10 by an orifice 12;  

- a diffusion chamber 13 the section of which comprises one or more 

truncated cones of revolution extending in the prolongation of one 

another and widening out from the expansion chamber towards the 5 

outlet of the nozzle and communicating with the expansion chamber 11 

by means of apertures 14 distributed uniformly around the axis of 

revolution of the nozzle.  

Industrialists in the liquid effluent treatment sector have not ceased to 

increase the productivity of their treatment plants. To this end, they seek to 10 

increase the speed of passage of the effluents to be treated within the treatment 

plant to reach effluent front speeds of over 30 to 40 m/h in the zone of separation 

of the flotation reactor. More specifically, the front speed of the effluent is a speed 

of the effluent in the zone situated above the vertical wall 7 which separates the 

flotation zone 2 from the separation zone 4.  15 

The maximum speed of passage permissible for an effluent to be treated in 

a flotation reactor depends on the flotation capacity of the particles in suspension 

to be separated and of the microbubbles that get attached to them on top, i.e. of 

the agglomerates.  

In order to promote the clinging of gas microbubbles to the particles in 20 

suspension, those skilled in the art conventionally seek to produce the smallest 

possible microbubbles, i.e. microbubbles having an equivalent diameter of less 

than 100 micrometers.  

This approach however tends to reduce the floatability of the agglomerates 

because of a maximum number of microbubbles attachable per floc and hence to 25 

reduce the speed of treatment. This is incompatible with the goals of industrialists 

which are to increase the speed of treatment.  

From the opposite point of view, the use of large microbubbles, hence with 

an equivalent diameter greater than 200 micrometers, makes it possible to 

increase the floatability of the agglomerates.  This could lead to an increase in the 30 

speed of treatment. However, it induces a risk of breakage of the flocs of matter to 

be eliminated and also induces high major consumption.  

Stokes law has made it possible to relate the speed of treatment of the 
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effluent within a flotation reactor to the size of the microbubbles, as is illustrated 

by the curve of figure 3. As can be seen in this curve, the optimum diameter of the 

microbubbles needed to guarantee efficient flotation without any risk of carrying 

along microbubbles with the treated effluent or of breakage of the flocs, for a 

speed of passage of the effluent to be treated into the reactor of about 30 m/h, is 5 

in the range of 140 micrometers. As can also be seen in this curve, the optimum 

diameter of the microbubbles to ensure efficient flotation without any risk of 

carrying along microbubbles with the treated effluent or of breakage of the flocs 

for a speed of passage of the effluent to be treated into the reactor around 50 m/h 

is in the range of 190 micrometers.  10 

Thus, to ensure efficient and speedy flotation, the size of the microbubbles 

should be between 100 and 200 micrometers.  

However, there is no injection nozzle that can be used to maximize the 

production of microbubbles that are neither too small or too big, i.e. making it 

possible to increase the proportion of microbubbles produced with a diameter of 15 

100 to 200 micrometers, thus consequently making it possible to carry out speedy 

and efficacious flotation.  

3. Goals of the invention 

The invention is aimed especially at providing an efficient solution to at 

least some of these difficult problems.  20 

In particular, according to at least one embodiment, it is one goal of the 

invention to provide a technique that optimizes treatment by flotation.  

In particular, the invention is aimed, according to at least one embodiment, 

at providing a technique of this kind that increases the speed of treatment by 

flotation while at the same time preventing gas microbubbles from being carried 25 

along in the treated effluent.  

It is another goal of the invention, according to at least one embodiment, to 

provide a technique of this kind that improves the production of microbubbles 

having a diameter of 100 to 200 micrometers. 

It is another goal of the invention, in at least one embodiment, to provide a 30 

technique of this kind that is simple and/or efficient and/or reliable and/or 

economical. 

4. Presentation of the invention 
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To this end, the invention proposes a nozzle for injecting pressurized 

water containing a dissolved gas, said nozzle comprising: 

- a cylindrical chamber for the intake of said water ; 

- a cylindrical expansion chamber comprising an inlet communicating with 

said intake chamber by an orifice and an outlet; 5 

- a diffusion chamber of truncated conical section communicating with 

the outlet of said expansion chamber and widening out from said 

expansion chamber 

said nozzle comprising means for putting the stream of water that flows out of 

said expansion chamber into rotation. 10 

The stream flowing out of the expansion chamber is thus put into 

rotation about the axis of the expansion chamber, i.e. about the axis of the 

nozzle. This dissipates its energy and improves the subsequent clinging of the 

microbubbles with the flocs while preventing an injection of excessively 

turbulent whitewater into the stream to be treated and therefore a breaking of 15 

the flocs. This also redirects and disperses the stream within the diffusion 

chamber or chambers for better contact with the diffusion wall and a 

continuation of the dissipation of energy. 

Thus, the formation of microbubbles of a diameter of 100 to 200 

micrometers, is favored.  20 

In one particular embodiment, said outlet of said expansion chamber 

comprises at least two apertures distributed uniformly about the axis of 

revolution of said expansion chamber, each of said apertures extending along 

an axis: 

- situated in a plane parallel to the axis of revolution of said expansion 25 

chamber, and 

- tilted relative to the axis of revolution of said expansion chamber, 

the axes of said apertures being tilted in a same sense so as to put the stream 

of water flowing out of said expansion chamber into rotation along said sense. 



 5 

This implementation contributes to maximizing the formation of 

microbubbles, the diameter of which ranges from 100 to 200 micrometers, in a 

simple and efficient way.  

According to one particular embodiment, the angle  of said truncated 

conical diffusion chamber relative to its axis of revolution and the angle  of tilt 5 

of said apertures are chosen to maintain a bubble size essentially ranging from 

100 to 200 micrometers at the exit from said diffusion chamber. 

The choice of these values of angles also contributes to simply and 

efficiently maximizing the formation of microbubbles having a diameter of 100 

to 200 micrometers.  10 

 According to one particular characteristic of the invention, said nozzle 

comprises a needle placed in said expansion chamber facing said orifice and 

pointing in its direction. 

Thus, according to this aspect, the invention consists in placing a needle 

in the axis oriented towards the orifice connecting the intake chamber and the 15 

expansion chamber of a nozzle for injecting pressurized water containing a 

dissolved gas.  

The presence of the needle makes it possible to: 

- homogeneously distribute pressurized water within the expansion 

chamber,  20 

- increase the nucleation surface and thus improve the homogeneity of the 

size of the microbubbles.  

According to one particular characteristic of the invention, a nozzle can 

comprise means for sustaining the putting of said stream into rotation, said 

means for sustaining being housed in said diffusion chamber. 25 

This enables the stream flowing in the nozzle to keep its rotational 

motion. This improves the subsequent clinging of the microbubbles to the flocs 

while continuing to dissipate the energy of the injected stream: the stream is 

stabilized in limiting the turbulence. 

In this case, said means for sustaining could include at least two blades 30 

extending from the axis of revolution of said diffusion chamber up to its 
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peripheral contour and being distributed uniformly about this axis, each of said 

blades extending in a plane passing through an axis perpendicular to the axis of 

revolution of said diffusion chamber and tilted in said sense. 

According to one particular characteristic of the invention, a nozzle can 

comprise at least one truncated conical intermediate diffusion chamber placed 5 

between said expansion chamber and said diffusion chamber, and having a 

section that widens in the direction of the diffusion chamber. 

The implementation of an intermediate diffusion chamber prevents 

whirlpool-like azimuthal flows also called recirculating flows. 

There is a risk that a cone with an excessively large aperture will not 10 

contain this stream and will induce a recirculating flow at the walls because a 

fluid injected with a high speed differential into a medium at rest (in 

comparison with the injected fluid) will go into a whirling motion. This 

intermediate diffusion chamber therefore guides the fluid and prevents these 

whirlpool-like “recirculating flows” which are substantially present in the event 15 

of injection known as annular injection (which is the case here since the stream 

is distributed about an axis through the apertures).  

According to one particular characteristic of the invention, a nozzle can 

comprise lateral water inlets situated between said diffusion chamber and said 

intermediate diffusion chamber. 20 

The effluent to be treated contains particles in suspension that 

constitute, within the nozzle, nucleation sites which are the seat of the 

formation of microbubbles. Thus, the formation of air microbubbles is 

increased.  

In this case, the inlet diameter of said diffusion chamber could be 25 

greater than the outlet diameter of said intermediate diffusion chamber, the 

inlet of said diffusion chamber overlapping the outlet of said intermediate 

diffusion chamber to create spaces between said chambers, said spaces 

constituting said lateral water inlets.  
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According to one particular characteristic of the invention, the angle  of 

said truncated conical diffusion chamber relative to its axis of revolution and  

the angle  of said intermediate diffusion chamber relative to its axis of 

revolution are identical. 

According to one particular characteristic of the invention, the angle  of 5 

said truncated conical diffusion chamber relative to its axis of revolution is 

greater than the angle  of said intermediate diffusion chamber relative to its 

axis of revolution. 

According to one particular characteristic of the invention, the value of 

the angles  and  ranges from 0 to 30°. 10 

According to one particular characteristic of the invention, the angle  

of tilt of said apertures (901) ranges from 20° to 60°. 

According to one particular characteristic of the invention, the angle  of 

tilt of said blades (70) ranges from 20° to 60°. 

5. List of figures 15 

Other features and advantages of the invention shall appear from the 

following description of particular embodiments, given by way of simple illustratory 

and non-exhaustive examples, and from the appended drawings, of which: 

- Figure 1 illustrates the diagram of a flotation reactor; 

- Figure 2 illustrates a view in longitudinal section of an injection nozzle 20 

according to the prior art; 

- Figure 3 illustrates the link between the diameter of the microbubbles and 

the speed of passage of an effluent to be treated into a flotation reactor 

according to the Stokes's Law; 

- Figure 4 illustrates a view in perspective of a nozzle according to a first 25 

embodiment of the invention; 

- Figure 5 illustrates a view in longitudinal section of the nozzle illustrated in 

figure 4;  

- Figures 6 and 7 illustrate two details of figure 5; 

- Figure 8 illustrates a top view of the nozzle of  figures 4 and 5; 30 

- Figure 9 illustrates a view in longitudinal section of a nozzle according to a 

second embodiment of the invention;  
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- Figure 10 illustrates a view in cross-section of the nozzle of figure 9  

according to a plane passing through the lateral water inlets; 

- Figure 11 illustrates curves showing the size of the microbubbles formed by 

the implementation of a prior-art nozzle and a nozzle according to the 

invention. 5 

6. Description of particular embodiments  

6.1. Architecture 

The bottom, the base or the inlet of the nozzle designate the end by which 

pressurized water enters the nozzle. The top or the outlet of the nozzle designate 

the end by which expanded pressurized water comes out of the nozzle.  10 

6.1.1. First type 

Referring to figures 4 to 8, we present a first embodiment of an injection 

nozzle according to the invention.  

Thus, as shown in these figures, such a nozzle comprises an intake 

chamber 20 through which pressurized water containing dissolved gas can be 15 

introduced into the nozzle. This intake chamber 20 comprises an inlet 200 and 

an outlet 201. It has a cylindrical section of revolution. In this embodiment, the 

height of the intake chamber 20 is equal to 3/2 times its diameter D.  

The diameter D preferably ranges from 10 to 50mm.  

The diameter d of the orifice 401 preferably ranges from 2 to 6 mm. 20 

The nozzle also comprises an expansion chamber 30.  

The expansion chamber 30 extends in the prolongation of the intake 

chamber 20 and in the same axis. It has a cylindrical section of revolution.  It is 

separated from the intake chamber 20 by a wall 40. It comprises an inlet 301 which 

communicates with the outlet 201 of the intake chamber 20 by means of an orifice 25 

401 made through the wall 40 along the longitudinal axis of the expansion chamber 

30. In this embodiment, the thickness of the wall 40 is equal to the diameter d of 

the orifice 401, the thickness of the expansion chamber 30 is equal to the diameter 

d of the orifice 401, the diameter of the expansion chamber 30 is equal to that of 

the intake chamber 20.  30 
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The nozzle comprises an intermediate diffusion chamber 50 which extends 

in the prolongation and in the axis of the expansion chamber 30. In one variant, 

several intermediate diffusion chambers could be implemented in the prolongation 

of one another. This diffusion chamber has the shape of a truncated cone. It is 

separated from the expansion chamber 30 by a wall 90 crossed by apertures 901 5 

which constitute the outlet of the expansion chamber 30 and the inlet of the 

intermediate diffusion chamber 50. The expansion chamber 30 and the 

intermediate diffusion chamber 50 thus communicate with each other by means of 

the apertures 901. In this embodiment, the thickness of the wall 90 is equal to the 

diameter d of the orifice 401, the distance between the axis of revolution of the 10 

intermediate diffusion chamber 50 and the end of each aperture 901 placed 

towards it is equal to a quarter of the diameter D of the intake chamber 20. In this 

embodiment again, the apertures 901 have a square section, the side of which is 

equal to the diameter d of the orifice 401. Each aperture 901 extends along an axis:  

- situated in a plane parallel to the axis of revolution of the expansion 15 

chamber, and 

- tilted relatively to the axis of revolution of the expansion chamber.  

The axes of the apertures 901 are tilted in a same sense so as to put into 

rotation, in this sense, the stream of water flowing out of the expansion 

chamber as will be explained in greater detail here below. 20 

In this embodiment, the value of the angle  of tilt of the apertures 901 

relative to the upper surface of the wall 90 is equal to 45°. The apertures 901 

are herein four in number. They are distributed uniformly about the axis of 

revolution of the expansion chamber 30.  

The diameter of the base of the intermediate diffusion chamber 50 is 25 

equal to that of the expansion chamber 30. In this embodiment, the angle  of 

the truncated cone relative to its axis of revolution is equal to 7°. This truncated 

cone widens from the expansion chamber 30 to the outlet of the intermediate 

diffusion chamber 50. In this embodiment, the height of the intermediate 
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diffusion chamber 50 is equal to 3/2 times the diameter D of the intake 

chamber 20.  

The expansion chamber 30 houses a needle 80. This needle projects out 

of the surface of the wall 90 and faces and points towards the orifice 401. The 

needle 30 is therefore a pointed element projecting out of the surface of the 5 

wall 90 and pointing in the axis and towards the orifice 401. The height of the 

needle 80 is equal to the height of the expansion chamber. The diameter of the 

base of the needle is approximately equal to 6/10 of the diameter of the orifice 

401. 

The nozzle comprises a diffusion chamber 60 which extends in the 10 

prolongation of the intermediate diffusion chamber 50 and in the same axis. It 

has the shape of a truncated cone of revolution, the angle  of which relative to 

its axis of revolution, being equal in this embodiment to 15°. This truncated 

cone widens from the intermediate expansion chamber 50 towards the outlet 

of the diffusion chamber 60. The diameter of its base is equal to that of the final 15 

diameter of the intermediate diffusion chamber 50. In this embodiment, the 

height of the diffusion chamber 60 is equal to twice the diameter D of the 

intake chamber 20.  

The diffusion chamber 60 houses blades 70 also called paddles. These 

blades 70 are distributed uniformly about the axis of revolution of the diffusion 20 

chamber 60. They each extend from this axis up to the peripheral wall of the 

diffusion chamber 60. In this embodiment, they are four in number. Each blade 

70 extends along a plane passing through an axis perpendicular to the axis of 

revolution of the diffusion chamber 60 and tilted in the sense of rotation of the 

stream of water, at exit from the expansion chamber. The angle  of tilt of the 25 

blades 70 is in this embodiment equal to 45°relative to the horizontal or a plane 

perpendicular to the axis of the nozzle.  

In this embodiment: 

- the horizontally projected width of the blades 70 is equal to a quarter of the 

diameter D of the intake chamber 20;  30 
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- the vertically projected height of the blades 70 is equal to a quarter of the 

diameter D of the intake chamber 20; 

- the height of their longitudinal axis relative to the base of the diffusion 

chamber 60 is equal to the diameter of the intake chamber 20. 

In this embodiment, the diameter D of the intake chamber 20 is equal to 27 5 

mm and the diameter D of the orifice 401 is equal to 3.5 mm. 

The ranges of operation of said nozzle are preferably 3 to 10 bars of 

pressure and 0.3 to 3m3/h of flowrate. 

6.1.2. Second type 

Referring to figures 9 and 10, we present a second embodiment of a 10 

nozzle according to the invention. Only the differences between the nozzle 

according to the first embodiment and the nozzle according to this second 

embodiment are described in detail here.  

According to this embodiment, the nozzle comprises lateral water inlets 

100 situated between the diffusion chamber 60 and the intermediate diffusion 15 

chamber 50.  

To this end, the inlet diameter of the diffusion chamber 60 is greater 

than the outlet diameter of the intermediate diffusion chamber 50 and the base 

of the diffusion chamber 60 overlaps the outlet of the intermediate diffusion 

chamber 60 so that they mutually create spaces between them constituting the 20 

lateral water inlets 100. A space is thus prepared between the diffusion 

chamber 60 and the intermediate diffusion chamber 50 to constitute the lateral 

water inlets 100. Supports 101 are interposed between the diffusion chamber 

60 and the intermediate diffusion chamber 50 to mutually connect them at 

regular intervals.  25 

The height of overlapping of the diffusion chamber 60 and intermediate 

diffusion chamber 50 in this embodiment is equal to a quarter of the diameter 

D of the intake chamber 20, while the distance between the walls of the 

diffusion chamber 60 and the intermediate diffusion chamber 50 in the 

overlapping zone is equal to one-sixteenth of the diameter D of the intake 30 

chamber 20.  
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In this embodiment, the angles of the truncated cones of the diffusion 

chamber 60 and intermediate diffusion chamber 50 are identical and equal to 

7°. 

6.2. Operation  

6.2.1. Nozzle of the first type 5 

Nozzles according to the invention are to be placed at the base of a 

flotation reactor in order to treat a liquid effluent by flotation.  

During such treatment, pressurized water containing dissolved gas such 

as air is introduced into each nozzle by the intake chamber 20.  

The pressurized water then passes through the orifice 401 and 10 

penetrates the expansion chamber 30 within which it is subjected to high load 

loss and expands giving rise to the formation of microbubbles of air. The 

presence of the needle 80 enables:  

- the homogeneous distribution of pressurized water within the expansion 

chamber;  15 

- the increasing of the nucleation surface and thus the improvement of the 

homogeneity of the size of the microbubbles.  

The water continues to shift within the nozzle in passing through the 

apertures 901 to penetrate the interior of the intermediate diffusion chamber 

50.  20 

Owing to the tilt of the apertures 901 which form beveled edges, the 

stream coming out of the expansion chamber is put into rotation. This 

dissipates its energy and improves the subsequent clinging of the microbubbles 

to the flocs. This also redirects and disperses the stream between the diffusion 

chamber and intermediate diffusion chamber. 25 

The stream continues to move in the nozzle, flowing through the 

intermediate diffusion chambers 50, the implementing of which prevents 

whirlpool-like azimuthal flows by reattaching the stream to the wall.  

The stream then passes into the diffusion chamber 60, the 

implementation of which slows down the stream in dissipating its energy, while 30 

at the same time offering contact with the wall of the nozzle. Dissipating the 
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energy provides for a better clinging between flocs and bubbles at the exit from 

the nozzle and thus prevents the flocs from getting broken up. The stream flows 

along the blades 70, the implementing of which makes it possible to preserve a 

rotational motion. This further improves the subsequent clinging of the 

microbubbles with the flocs.  5 

A mixture of water and microbubbles also called whitewater then 

emerges from the nozzle through the end of the diffusion chamber 60. 

The use of tilted apertures enables the production of a microbubbles of 

sizes whose diameter ranges from 100 to 200 micrometers. The apertures 

should be tilted in such a way that the particles in suspension necessarily meet 10 

the upper surface of their contour. The ideal angle of tilt is therefore smaller 

than 45° but can range from 20°to 60°. The rotation induced by the tilted 

apertures thus makes it possible to cause the microbubbles and particles to 

encounter each other less violently than in a turbulent stream and thus makes it 

possible to create bigger microbubbles.  15 

The needle is not indispensable but homogenizes the production of 

microbubbles by increasing the numbers of nucleation sites.  

We thus prevent the formation of excessively small microbubbles or 

excessively big microbubbles which do not provide for swift and efficient 

flotation.  20 

6.2.2. Nozzles of the second type 

The working of a nozzle according to the second embodiment is identical 

to that of the first embodiment apart from the fact that, under the effect of the 

movement of pressurized water within the nozzle, the surrounding effluent to 

be treated in which the nozzle is immersed is aspirated by low pressure into the 25 

nozzle at the lateral water inlets 100.  

The effluent to be treated contains suspended particles which 

constitute, within the nozzle, nucleation sites which are the seat of formation of 

the microbubbles.  

Thus, the formation of air microbubbles is increased.  30 
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6.3. Results 

Comparative trials were made on the one hand with nozzles according 

to the prior art and on the other hand with nozzles according to the first 

embodiment.  

During these trials, the diameter of the intake chamber of the nozzles 5 

was equal to 27 mm, and the diameter of the orifice was equal to 3.5 mm and 

the diameter of the needle 80 was equal to 2 mm. The pressure of the 

pressurized water at its inlet into the intake chamber was equal to 5 bars and its 

flowrate was equal to 0.74m3/h. 

The curve of figure 11 illustrating the results obtained shows that the 10 

nozzles according to the invention enable the production of a majority of 

microbubbles with a size great enough to efficiently ensure flotation with a 

speed of passage of the effluent to be treated into the reactor of over 50 m/h. 

Indeed, most of the microbubbles formed by the nozzle according to the 

invention have a size close to that of the optimum size for a speed of 50 m/h 15 

computed by Stokes' law; microbubbles formed by nozzles according to the 

prior art have a part of the population below this threshold and therefore do 

not have sufficiently floatability to increase the speeds of passage into the 

flotation structures.  

 20 
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CLAIMS 

1. Nozzle for injecting pressurized water containing a dissolved gas, said 

nozzle comprising: 

- a cylindrical intake chamber (20) for said water; 

- a cylindrical expansion chamber (30) comprising a part (301) 5 

communicating with said intake chamber (20) by an orifice (401) and an 

outlet;  

- a diffusion chamber (60) of truncated conical section communicating 

with the outlet of said expansion chamber (30) and widening out from 

said expansion chamber 10 

said nozzle comprising means for putting the stream of water that flows out of 

said expansion chamber (30) into rotation. 

2. Nozzle according to claim 1, wherein said outlet of said expansion 

chamber (30) comprises at least two apertures (901), said at least two 

apertures (901) being distributed uniformly about the axis of revolution of said 15 

expansion chamber (30), each of said apertures (901) extending along an axis: 

- situated in a plane parallel to the axis of revolution of said expansion 

chamber (30), and 

- tilted relative to the axis of revolution of said expansion chamber (30),  

the axes of said apertures being tilted in a same sense so as to put the stream 20 

of water flowing out of said expansion chamber (30) into rotation along said 

sense.  

3. Nozzle according to claim 2, wherein the angle  of said truncated 

conical diffusion chamber (60) relative to its axis of revolution and the angle  

of tilt of said apertures (901) are chosen to maintain a bubble size essentially 25 

ranging from 100 to 200 micrometers at the exit from said diffusion chamber 

(60). 

4. Nozzle according to claim 2 or 3, comprising a needle (80) placed in said 

expansion chamber (30) facing said orifice (401) and pointing in its direction. 
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5. Nozzle according to any one of the claims 1 to 4, comprising means (70) 

for sustaining the putting of said stream into rotation, said means for sustaining 

being housed in said diffusion chamber (60). 

6. Nozzle according to claim  5, wherein said means for sustaining comprise 

at least two blades (70) extending from the axis of revolution of said diffusion 5 

chamber (60) up to its peripheral contour and being distributed uniformly 

about this axis, each of said blades (70) extending in a plane passing through an 

axis perpendicular to the axis of revolution of said diffusion chamber (60) and 

tilted in said sense. 

7. Nozzle according to any one of the claims 1 to 6, comprising at least one 10 

truncated conical intermediate diffusion chamber (50) placed between said 

expansion chamber (30) and said diffusion chamber (60), and having a section 

that widens in the direction of the diffusion chamber (60). 

8. Nozzle according to claim 7, comprising lateral water inlets (100) 

situated between said diffusion chamber (60) and said intermediate diffusion 15 

chamber (50).  

9. Nozzle according to claim 8, wherein the inlet diameter of said diffusion 

chamber (60) is greater than the outlet diameter of said intermediate diffusion 

chamber (50), the inlet of said diffusion chamber (60) overlapping the outlet of 

said intermediate diffusion chamber (50) to create spaces between said 20 

chambers, said spaces constituting said lateral water inlets (101).  

10. Nozzle according to any one of the claims 7 to 9, wherein the angle  of 

said truncated conical diffusion chamber (60) relative to its axis of revolution 

and  the angle  of said intermediate diffusion chamber (50) relative to its axis 

of revolution are identical. 25 

11. Nozzle according to any one of the claims 7 to 9, wherein the angle  of 

said truncated conical diffusion chamber (60) relative to its axis of revolution is 

greater than the angle  of said intermediate diffusion chamber (50) relative to 

its axis of revolution. 
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12. Nozzle according to any one of the claims 7 to 11 wherein the value of 

the angles  and  ranges from 0 to 30°. 

13. Nozzle according to any one of the claims 3 to12, wherein the angle  of 

tilt of said apertures (901) ranges from 20° to 60°. 

14. Nozzle according to any one of the claims 6 to 13, wherein the angle  of 5 

tilt of said blades (70) ranges from 20° to 60°. 

 


