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(54) Title: NOZZLE SYSTEM, POWDER BLASTING DEVICE AND METHOD FOR USING A NOZZLE SYSTEM 

(57) Abstract: Nozzle system (1) for a powder blasting device comprising a 
first nozzle element (10) for transporting a powder-gas mixture stream (21) 

2 along a transporting direction (T) and a second nozzle element (20), wherein 
the second nozzle element (20) surrounds the first nozzle element (10) such 

10 that at least one channel (25) is formed between the first nozzle element (10) 
20 and the second nozzle element (20), wherein the channel (25) is provided for 

-2 transporting a liquid stream (22), wherein the first nozzle element (10) and the 
second nozzle element (20) are arranged suchthat in operation the powder-gas
mixture stream (21) ejected by the first nozzle element (10) is encased by the 

10 2 liquid stream (22) ejected by the channel (25) for forming an output stream (2) 
w3 of the nozzle system (1), wherein the first nozzle element (10) has an acceler

ation part (11) having a first cross section and a spreading part (12) having a 
second cross section, wherein the spreading part (12) is arranged downstream 

- W2 of the acceleration part (11).  
FE 
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Nozzle system, powder blasting device and method for using a nozzle 

system 

The present invention refers to a nozzle system, a powder blasting device, and a 

5 method for using the nozzle system.  

The discussion of the background to the invention herein is intended to facilitate 

an understanding of the invention. However, it should be appreciated that the 

discussion is not an acknowledgement or admission that any aspect of the 

10 discussion was part of the common general knowledge as at the priority date of 

the application.  

Unless the context requires otherwise, where the terms "comprise", "comprises", 

"comprised" or "comprising" are used in this specification (including the claims) 

15 they are to be interpreted as specifying the presence of the stated features, 

integers, steps or components, but not precluding the presence of one or more 

other features, integers, steps or components, or group thereof.  

Nozzle systems in powder blasting devices are well known from the state of the 

20 art, for example from US 3 882 638 A or EP 0 294 548 Al. Such nozzle systems 

are typically used for cleaning teeth, in particular for removing stains, tartar and 

colorations from teeth and for removing dental biofilms. In particular, the aim of 

using a powder blasting device is to clean dental surfaces and free them form 

stains, tartar biofilms and colorations without harming the tooth surface 
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underneath which is enamel or dentine. According to the state of the art the 

powder is adapted to manipulate or to adjust a functionality of the output stream.  

Preferably, nozzle systems provide a powder-gas mixture stream being encased 

5 by a liquid stream. The outlet stream, formed by the powder-gas mixture encased 

by the liquid stream, is directed on the tooth surface and causes the removing of 

stains, tartar coloration and/or dental biofilms. The liquid stream encasing the 

powder-gas mixture stream is provided for trapping dust generated and to avoid 

mist during operation of the powder blasting device.  

10 

In particular, there are materials being extra prone for abrasion, for example 

dentine, when the outlet stream is directed to a body formed by this material. In 

such cases even a "soft" powder might cause a too strong abrasion, 

disadvantageously. However, making the powder even "softer" would counteract 

15 the main function of the powder blasting device, namely removing stains and 

various dental deposits.  

It would therefore be desirable to provide a nozzle system for reducing abrasivity 

of an output stream ejected without reducing efficiency of removing stains, tartar 

20 dental deposits and/or dental biofilms.  

The present invention provides a nozzle system for powder blasting device 

comprising a first nozzle element for transporting a powder-gas mixture stream 

along a transporting direction and a second nozzle element, wherein the second 

25 nozzle element surrounds the first nozzle element such that at least one channel is 

formed between the first nozzle element and the second nozzle element, wherein 

the channel is provided for transporting a liquid stream, wherein the first nozzle 

element and the second nozzle element are arranged such that in operation the 

powder-gas-mixture stream ejected by the first nozzle element is encased by the 

30 liquid stream ejected by the channel for forming an output stream of the nozzle 

system, wherein the first nozzle element has an acceleration part having a first 

cross section and a spreading part having a second cross section, wherein the 

spreading part is arranged downstream of the acceleration part, wherein that the 
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second cross section is larger than the first cross section, wherein that the 

acceleration part has a first cross section being constant in a direction extending 

along the transporting direction, wherein the first nozzle element and the second 

nozzle element terminate at a front end of the nozzle system or, wherein the first 

5 nozzle element protrudes at the front end of the nozzle system.  

Preferred embodiments are incorporated in the dependent claims, the description 

and the figures.  

10 According to embodiments of the invention a nozzle system for a powder blasting 

device may be provided, that may comprise 

- a first nozzle element for transporting a powder-gas mixture stream along a 

transporting direction and 

- a second nozzle element, wherein the second nozzle element surrounds the first 

15 nozzle element such that at least one channel is formed between the first nozzle 

element and the second nozzle element, wherein the channel is provided for 

transporting a liquid stream, wherein the first nozzle element and the second 

nozzle element are arranged such that in operation the powder-gas- mixture 

stream ejected by the first nozzle element is encased by the liquid stream ejected 

20 by the channel for forming an output stream of the nozzle system, wherein the first 

nozzle element has an acceleration part having a first cross section and a 

spreading part having a second cross section. It is provided that the spreading part 

is arranged downstream of the acceleration part and for reducing abrasivity of the 

output stream the second cross section is larger than the first cross section.  

25 

In contrast to the state of the art it is provided according to the present invention to 

modify an inner cross section of the first nozzle element, i. e. to modify an inner 

geometry of the first nozzle element, along the transporting direction. Thus, it is 

advantageously possible to reduce the abrasivity of the output stream without ef
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fecting its efficiency on the dental coverings which are to be removed. Thereby, 

particles of the powder-air mixture are accelerated inside the acceleration part for 

gaining speed. In the following spreading part the effective flow-cross-section of 

the powder-gas mixture is increased by the enlarged second cross section of the 

5 spreading part. In other words: the cross section of the powder-gas mixture stream 

is increased inside the first nozzle element in flow direction, in particular inside the 

spreading part of the first nozzle element. As a result, the envelope of the powder

gas mixture has an enlarged cross section, when it is ejected from the nozzle sys

tem, and therefore a larger surface can be treated by the output stream. Conse

10 quently, a cleaning surface is enlarged and powder abrasitivty is reduced, simulta

neously. In addition, a sound shock being generated otherwise outside of the noz

zle system, preferably at its front end, is generated inside the nozzle system.  

Therefore, the noise caused by the nozzle system in operation is advantageously 

reduced for giving an operator and/or a patient a more comfortable impres

15 sion/feeling.  

Another positive effect is the possibility of enlarging the cross section of the eject

ed output stream without increasing an air flow rate. Thus, it can be avoided that 

too much air is used during a treatment, which otherwise would increase an em

20 physema risk, i. e. pushing air within tissues. Another positive effect of increasing 

the cross section of the outlet stream, in particular of the cross section of the pow

der-gas mixture, is an opportunity to create or manipulate different nozzle proper

ties without changing a base unit in charge of supplying the nozzle system with air 

and/or powder, since the air flow rate remains constant as well as the powder flow 

25 rate. For example, it is advantageously possible to adapt an air speed of the eject

ed output steam as well as its pressure. Another positive effect of the nozzle sys

tem of the present invention is that less liquid (e.g. water) is needed and therefore 

used when using the powder blasting device comprising the nozzle system of the 

present invention. This may be due to the fact that the liquid stream is better 

30 spread and is therefore more efficient in entrapping the powder and/or powder-gas 

mixture stream.  
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Preferably, abrasivity defines an efficiency of removing particle from a material 

surface during a treatment. For example, the abrasivity is specified by the ratio of 

the crater depth generation rate over powder quantity. The larger -value, the big

ger the abrasivity, i. e. more particles of the treated material are removed from the 

5 surface.. A reduction of abrasivity is preferably referenced to a first nozzle element 

having a constant cross section, in particular a constant first cross section of the 

acceleration part.  

Preferably, the first nozzle element and/or the second nozzle element have a 

10 sleeve like body, wherein the first nozzle element is arranged inside the second 

nozzle element, in particular concentrically. In particular, the first nozzle element 

and the second nozzle element end or terminate at a front end of the nozzle sys

tem. Furthermore, it is conceivable that the first nozzle element and the second 

nozzle element end along the transporting direction simultaneously, i. e. in a plane 

15 perpendicular to the transporting direction. Alternatively, the first nozzle element 

protrudes at the front end of the nozzle system. Especially, the nozzle system is 

incorporated into a handheld device of a powder blasting device, such that an op

erator can easily direct the output stream onto the object to be treated. Further

more, it is provided that the spreading part forms the end of the first nozzle ele

20 ment in transporting direction. Furthermore, the spreading part follows down

stream to the acceleration part, preferably directly afterwards.  

In a preferred embodiment it is provided that the acceleration part has a first cross 

section being constant in a direction extending along the transporting direction 

25 and/or the spreading part has a second cross section being at least partially con

stant in a direction extending along the transporting direction. Preferably, the sec

ond cross section is constant over its whole extension along the transporting direc

tion. Alternatively, the acceleration part and/or the spreading part have subsec

tions having different cross sections. In particular, the cross section of these sub

30 sections increases in transporting direction, such that the subsection at the end of 

the acceleration part and/or spreading part has the largest cross section of all 

cross sections assigned to the subsections. Especially, the acceleration part has a 

4
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first length being longer than 0.5 mm, preferably longer than 0.75 mm and more 

preferably longer than 1 mm.  

In another preferred embodiment of the present invention it is provided that the 

5 first cross section has a first width measured perpendicular to the transporting di

rection and a second cross section has a second width measured perpendicular to 

the transporting direction, wherein the second width is up to three times, preferably 

up to 2.5 times and most preferably up to 2 times, in particular mainly 1.5 times, 

larger than the first width and/or wherein the first width has a width between 0.1 

10 and 2.5 mm, preferably between 0.25 and 1.5 mm and most preferably 0.6 mm. By 

these dimensions of the acceleration part and the spreading part a significant re

duction of the abrasivity can be realized. In the case of several subsections or a 

varying second cross section within the spreading part, the second cross section 

and/or a second width of the second cross section is preferably a mean value of all 

15 second cross sections or second widths of all subsections along the transporting 

direction.  

Preferably, it is provided that the first nozzle element comprises a collecting part, 

wherein the collecting part is arranged upstream to the acceleration part, wherein 

20 the collecting part has a third cross section being preferably at least partially con

stant along the transporting direction. In particular, it is provided that the accelera

tion part follows directly downstream to the collection part. The collection part di

rects the powder-gas mixture preferably of the acceleration part. For example, a 

funnel shaped subsection of the collecting part, in particular in a transition area 

25 between the collecting part and the acceleration part, directs the powder-gas mix

ture inside the acceleration part. In particular, the acceleration part, the collecting 

part and/or the spreading part are arranged adjacent and/or concentrically to each 

other.  

30 In another preferred embodiment, it is provided that the third cross section is larger 

than the first cross section, wherein 

- a third width of the third cross section is up to three times, preferably up to two 
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times and most preferably up to 1.6 times, in particular mainly 1.2 times, larger 

than the first width, wherein the first width has a width between 0.1 and 2.5 mm, 

preferably between 0.25 and 1.5 mm and most preferably 0.6 mm 

5 In particular, an inner curvature of the first nozzle element in a transition area or in 

the spreading part has a step-like and/or a cone-like shape. Forming the inner cur

vature in the spreading part in a step-like and/or cone like manner represents an

other advantageous possibility to manipulate the form of the cross section of the 

powder-gas mixture stream being ejected at the front end. In particular, the transi

10 tion area forms a transition between the collecting part and the acceleration part 

and/or a transition between the acceleration and the spreading part.  

Furthermore, it is preferably provided that the acceleration part has a first length 

measured along the transporting direction and the spreading part has a second 

15 length measured along the transporting direction, wherein the second length is 0.5 

to 3.5 times, preferably 1.1 to 2 times and most preferably 1.3 to 1.8 times, longer 

than the first length. Especially, the acceleration part has a first length being longer 

than 0.5 mm, preferably longer than 0.75 mm and more preferably longer than 1 

mm. By choosing a comparably large spreading part, it is advantageously possible 

20 to establish a homogeneous powder density across a plane being perpendicular to 

the transporting direction at the front end. Alternatively, it is also conceivable that 

the second length is shorter than the first length.  

In another preferred embodiment it is provided that the liquid stream is ejected 

25 from the channel via an output surface, wherein the channel is preferably config

ured such that the liquid stream encasing the powder-gas mixture stream is 

formed by droplets. By encasing the powder-gas mixture by droplets instead of a 

closed liquid stream it is advantageously possible to increase an ability of trapping 

dust powder by the liquid. As a consequence, less liquid, for example water, is 

30 needed in operation of the nozzle system, which is beneficial for a comfort of the 

patient. Another consequence is that less dust is generated and therefore less 

clogging of the nozzle system channels occur after repeated used. Preferably, the 

6



output surface, in particular a fourth cross section assigned to the output surface, 

has a structure or profile that supports the droplet formation.  

In particular, it is provided that the output surface has a fourth cross section, 

5 wherein the fourth cross section preferably has a size between 0.1 and 0.9 mm 2, 

preferably between 0.3 and 0.6 mm 2 and most preferably between 0.3 and 0.4 

mm 2 . Thus, a fourth cross section is realized that is smaller than the fourth cross 

sections typically known from the prior art. The reduction of the fourth cross 

section supports the formation of the droplets at the front end of the nozzle system 

10 advantageously.  

Other embodiments of the invention may relate to a nozzle system for a powder 

blasting device, comprising 

- a first nozzle element for transporting a powder-gas mixture stream along a 

15 transporting direction and 

- a second nozzle element, wherein the second nozzle element surrounds the first 

nozzle element such that at least one channel is formed between the first nozzle 

element and the second nozzle element, wherein the channel is provided for 

transporting a liquid stream, wherein the first nozzle element and the second 

20 nozzle element are arranged such that in operation the powder-gas-mixture 

stream ejected by the first nozzle element is encased by the liquid stream ejected 

by the channel via an output surface for forming an output stream of the nozzle 

system, wherein the output surface has a fourth cross section, wherein the fourth 

cross section has a size between 0.3 and 0.4 mm 2.  

25 

Preferably, it is provided that the fourth cross section is formed undulated or as a 

slit, an assembly of holes and/or assembly of grooves. Thus, it is advantageously 

possible to adapt the fourth cross section profile determining how the liquid is 

ejected from the nozzle system, in particular from the channel. Thereby, it is 

30 preferably provided that the fourth cross section of the output surface comprises 

six or more openings for ejecting the liquid stream. It is also conceivable that the 

fourth 

7



WO 2020/030691 PCT/EP2019/071217 

cross section comprises less than six openings. Preferably, the holes and/or 

grooves are distributed homogeneously or statistically along a circumferential di

rection. The holes might have a circular, rectangular elliptical shape and/or any 

other shape or a combination thereof.  

5 

In particular, it is provided that an outer curvature of the first nozzle element de

fines the shape of the fourth cross section, wherein the outer curvature of the first 

nozzle element comprises at least one recess being curved inwardly. Preferably, 

the recess is formed arched parabolic and/or circularly in a circumferential direc

10 tion. In other words: the outer curvature of the first nozzle element is an integral 

part of the channel, in particular defines the structure / profile of the fourth cross 

section at the front end. For example, the outer curvature/side of the first nozzle 

element is configured with regard to the inner surface of the second nozzle ele

ment, which is preferably circular, such that a set of sub-channels extending paral

15 lel to the transporting direction is realized. In particular, each end of the sub

channels forms an opening being part of the fourth cross section. Preferably the 

extension of the sub-channels is at least as long as the second length of the ac

celeration part.  

20 Alternatively, it is provided that an inner curvature of the second nozzle element 

defines the shape of the fourth cross section, wherein the inner curvature of the 

second nozzle element comprises at least one recess being curved outwardly.  

Preferably, the recess is formed arched parabolic and/or circularly in a circumfer

ential direction. In other words: the inner curvature of the second nozzle element is 

25 an integral part of the channel, in particular defines the structure / profile of the 

fourth cross section at the front end. For example, the inner curvature/side of the 

second nozzle element is configured with regard to the outer surface of the first 

nozzle element, which is preferably circular, such that a set of sub-channels ex

tending parallel to the transporting direction is realized. In particular, each end of 

30 the sub-channels forms an opening being part of the fourth cross section. Prefera

bly the extension of the sub-channels is at least as long as the second length of 

the acceleration part. Alternatively, the shape of the fourth cross section can be 

8
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defined by the insertion of elements between the first and second nozzle ele

ments.  

In another embodiment of the present invention it is provided that in a direction 

parallel to the transporting direction the first nozzle element extends further than 

5 the second nozzle element or the first nozzle element and/or the second nozzle 

element ends at a common plane being perpendicular to the transporting direction.  

In other words: the first nozzle element protrudes at the front end relative to the 

second nozzle element along the transporting direction or does not protrudes at 

the front end. Thus, the form of the output stream can be further manipulated. In 

10 particular the first nozzle element does not protrude further than 1 mm, preferably 

further than 0.8 mm and most preferably 0.5 mm.  

Another aspect of the present invention is a powder blasting device comprising the 

nozzle system according to the present invention. All features and benefits men

15 tioned in the context of the nozzle system can be transferred to the powder blast

ing device and vice versa.  

Another aspect of the present invention is a method for using a nozzle system ac

cording to the present invention, in particular in a powder blasting device. All fea

20 tures and benefits mentioned in the context of the nozzle system can be trans

ferred to the method and vice versa.  

In a preferred embodiment it is provided that the output stream has a fifth cross 

section that differs from a circularly formed cross section.  

25 

Wherever not already described explicitly, individual embodiments or their individ

ual aspects and features can be combined or exchanged with one another without 

limiting or widening the scope of the described invention, whenever such a combi

nation or exchange is meaningful and in the sense of this invention. Advantages 

30 which are described with respect to one embodiment of the present invention are, 

wherever applicable, also advantageous of other embodiments of the present in

vention.  

9
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In the drawings: 

Fig. 1 schematically shows a nozzle system according to a preferred 

5 embodiment of the present invention, 

Fig.2 schematically shows a first nozzle element according to the 

state of the art 

10 Fig2a to 2d schematically show different preferred embodiments of a first 

nozzle element for a nozzle system according to the present in

vention 

Fig.3 schematically shows a perspective view on a front end of a 

15 nozzle system according to the state of the art 

Fig. 3a to 3i schematically show different preferred embodiments for nozzles 

systems according to the present invention in a perspective 

view directed on the front end of the nozzle system and 

20 

Fig.4 a fifth cross section assigned to the output stream.  

In figure 1 a nozzle system 1 according to a preferred embodiment of the present 

25 invention is presented in a sectional side view along a transporting direction T.  

Such nozzle systems 1 are preferably an essential part of a powder blasting de

vice. Those power blasting devices are preferably used for removing stains, tartar 

or a coloration from a tooth and/or for removing dental biofilms. The nozzle system 

1 provides an output stream 2 that is able to remove stains and coloration and/or 

30 to remove dental biofilms. In operation, the output stream 2 is ejected by the noz

zle system 1 at its front end FE.  

10
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Besides a powder-gas mixture stream 21 the output stream 2 comprises a liquid 

stream 22 in order to guide the powder-gas mixture stream 21 and to trap dust 

generated and to avoid mist during operation. In particular, the powder-gas mix

ture stream 21 is encased or surrounded at least partially, preferably completely, 

5 by the liquid stream 22 in a plane expanding perpendicular to a transporting direc

tion T of the output stream 2. For realizing such an output stream 2 the nozzle sys

tem 1 comprises a first nozzle element 10 for transporting a powder-gas mixture 

stream 21 along the transporting direction T and a second nozzle element 20, 

wherein the second nozzle element 20 surrounds the first nozzle element 10 such 

10 that at least one channel 25 is formed between the first nozzle element 10 and the 

second nozzle element 20. Preferably, the first nozzle element 10 and/or the sec

ond nozzle element 20 have a sleeve - like body, wherein the first nozzle element 

10 is arranged inside the second nozzle 20 element, in particular concentrically to 

each other. Preferably, the output stream 2 is ejected from the nozzle system 1 at 

15 a front end FE or a front side of the nozzle system 2. Preferably, the first nozzle 

element 10 extends further than the second nozzle element 20 in a direction ex

tending parallel to the transporting direction T. Alternatively, the first nozzle ele

ment 10 and the second nozzle element 20 end in a common plane that extends 

perpendicular to the transporting direction T.  

20 

For improving a quality of the output stream 2, in particular regarding a reduced 

abrasivity in operation, it is provided to adapt a geometry of the first nozzle ele

ment 10. In particular, the first nozzle element 10 has an acceleration part 11 hav

ing a first cross section and a spreading part 12 having a second cross section, 

25 wherein the spreading part 12 is arranged downstream of the acceleration part 11.  

Thereby, the particles of the powder-gas mixture stream 21 are accelerated inside 

the acceleration part 11 and thus gain speed during their transport inside the ac

celeration part 11. The spreading part 12 is configured such that the particles of 

the powder-gas mixture stream 21 are spread. For realizing the spreading inside 

30 the spreading part 21 it is preferably provided that the second cross section is 

larger than the first cross section. In particular the acceleration part 11 is arranged 

11
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directly next to the spreading part 12 in a direction extending parallel to the trans

porting direction T.  

In particular, it is provided the first cross section has a first width W1 measured 

5 perpendicular to the transporting direction T and a second cross section has a 

second width W2 measured perpendicular to the transporting direction T, wherein 

the second width W2 is up to three times, preferably up to 2.5 times and most 

preferably up to 2 times, in particular mainly 1.5 times, larger than the first width 

W1 and/or wherein the first width W1 has a width between 0.2 and 1.5 mm, pref

10 erably between 0.4 and 0.9 mm and most preferably 0.6 mm. By enlarging the 

cross section, in particular by using the mentioned dimensions of the first width W1 

and the second width W2, it is advantageously possible to reduce the abrasivity of 

the output stream 2. Further, a sound shock is generated inside the nozzle system 

1 and not at the front end of the nozzle system 1. As a consequence, noises gen

15 erated by the nozzle system 1 during operation can be reduced for giving an oper

ator and/or patient a more comfortable impression. Additionally, it is possible to 

enlarge an absolute output cross section of the powder-gas mixture stream 12 be

ing ejected by the first nozzle element 10 without increasing an air flow rate. As a 

consequence of the enlarged output cross section of the powder-gas mixture 

20 stream 21, an emphysema risk is reduced and a wider range of properties regard

ing the output stream 2 can be established, for example a thinner or larger output 

stream measured in a direction perpendicular to the transporting direction T.  

Further, it is provided that in a direction extending parallel to the transporting direc

25 tion T a curvature / inner side 14 of the first nozzle element 10 has a step-like 

shape for forming a transition between the acceleration part 11 and the spreading 

part 12. Furthermore, it is provided that the acceleration part 12 is arranged con

centrically to the spreading part 12. Thus, a homogeneous spreading can be guar

anteed.  

30 

Furthermore, the first nozzle element 10 comprises a collecting part 13, wherein 

the collecting part 13 is arranged upstream to the acceleration part 11, wherein the 

12
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collecting part has a third cross section being preferably constant along the trans

porting direction T. By using the collecting part 13 it is advantageously possible to 

prepare particles for entering the acceleration part 11 properly. The third cross 

section might correspond to the second cross section of the spreading part 12 or 

5 might be different form the second cross section, for example regarding size and 

steps, i. e. a form of the inner side 14 of the first nozzle element 10. In particular, 

the inner curvature/side 14 of the first nozzle element 10 has another step-like 

shape forming the transition from the collecting part 13 to the acceleration part 11.  

It is also conceivable the transition between the collecting part 13 and the acceler

10 ation part 11 is funnel shaped. In particular, the third cross section is larger than 

the first cross section, wherein a third width W3 of the third cross section is up to 

three times, preferably up to two times and most preferably up to 1.6, in particular 

mainly 1.2 times, larger than the first width, wherein the first width has a width be

tween 0.2 and 1.5 mm, preferably between 0.4 and 0.9 mm and most preferably 

15 mainly 0.6 mm.  

Moreover, the acceleration part 11 has a first length Li measured along the trans

porting direction T and the spreading part 12 has a second length L2 measured 

along the transporting direction T, wherein the second length L2 is 0.5 to 3.5 

20 times, preferably 1.1 to 2 times and most preferably 1.3 to 1.8 times, longer than 

the first length L1. In particular, the first length Li should be longer than 0.5 mm.  

Furthermore, it is provided that the channel 25 is configured such that a small/thin 

liquid jet is generated for the output stream 2. In particular, an output surface 23 

25 from which the liquid jet is ejected preferably has comparable small fourth cross 

section. Preferably, the fourth cross section is measured in a plane extending per

pendicular to the transporting direction T at the front end FE. Hereby, all openings 

used and/or being available for ejecting the liquid stream preferably form the fourth 

cross section, i. e. the fourth cross section might be formed by sub-cross sections 

30 assigned to several separated or individual openings at the front end for ejecting 

the liquid stream 22. In particular, the fourth cross section has a structure or profile 

formed by a plurality of openings that for example are arranged circumferential at 
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the front end FE of the channel 25, preferably uniformly along a circle. In particu

lar, the fourth cross section preferably has a size between 0.1 and 0.8 mm 2, pref

erably between 0.6 and 0.3 mm 2 and most preferably between 0.3 and 0.4 mm 2 . In 

contrast to that, the forth cross section according to the state of the art is larger 

5 than 0.8 mm 2.  

In particular, the fourth cross section is preferably configured such that the liquid 

stream 22 encasing the powder-gas mixture stream 12 is formed by droplets. Due 

to the use of droplets it is advantageously possible to increase a probability of the 

10 liquid to trap dust powder. Furthermore, a controlled liquid stream 22 supports di

recting or guiding of the powder - gas mixture stream 21.  

Such geometry of the channel 25 allows by itself to reduce the abrasivity of the 

output stream. Therefore, a nozzle system (1) for a powder blasting device is pro

15 vided, comprising 

- a first nozzle element (10) for transporting a powder-gas mixture stream (21) 

along a transporting direction (T) and 

- a second nozzle element (20), wherein the second nozzle element (20) sur

rounds the first nozzle element (10) such that at least one channel (25) is formed 

20 between the first nozzle element (10) and the second nozzle element (20), where

in the channel (25) is provided for transporting a liquid stream (22), wherein the 

first nozzle element (10) and the second nozzle element (20) are arranged such 

that in operation the powder-gas-mixture stream (21) ejected by the first nozzle 

element (10) is encased by the liquid stream (22) ejected by the channel (25) ) via 

25 an output surface (23) for forming an output stream (2) of the nozzle system (1), 

wherein the output surface (23) has a fourth cross section, wherein the fourth 

cross section has a size between 0.3 and 0.4 mm 2 for reducing abrasivity of the 

output stream.  

30 In Figure 2 a first nozzle element 10 according to the prior art is presented for 

comparing it to the geometries of the first nozzle elements 10 of the figures 2a to 

2d representing different exemplary embodiments of first nozzle elements 10 for a 
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nozzle system 1 according to the present invention. In particular, figure 2a shows 

a first nozzle element 10, assigned to a nozzle system 1 being named EA-5698 in 

the following, which has no collecting part. Further, the first nozzle element 10 has 

a comparable long acceleration part 11 compared to the spreading part 12. The 

5 elements 17, such as struts or rips, extending at an outer side 15 of the first nozzle 

element 10 are intended for realizing sub-channel and a structured output surface 

23 of the channel 25 ejecting the liquid stream 22. Preferably, the struts and/or rips 

have a length longer than the second length L2. Moreover, the second width W2 is 

about 0.8 mm, whereas the inner diameter of the first nozzle element 10 according 

10 to the prior art is about 0.65 mm. The first nozzle element 1 in figure 2b has a col

lecting area 13 and refers to a nozzle system 1 named EA 5682 in the following.  

Its second width W2 is about 0.7 mm. The first length L is about 3 to 5 mm and 

the second length L2 about 2 to 3 mm. A third length L3 assigned to the collecting 

part 13 is about 0.3 to 0.7 mm and the third width is about 1 mm. Furthermore, it is 

15 provided that the transition between the collecting part 13 and the acceleration 

part 11 is funnel shaped. Moreover, the third width W3 being for example about 1 

mm is larger than the second with being for example about 0.7 mm. The first width 

is about 0.61 mm.  

20 The first nozzle element 10 of figure 2c is for example part of a nozzle system 1 

assigned to the name EA-5701. The first nozzle element 10 of figure 2c differs 

from that of figure 2b by the design of the inner curvature/side 14 of the spreading 

part 12, wherein the inner curvature/side along the transporting direction T has a 

step like shape. In the illustrated embodiment, several subsection, in particular 

25 three subsection 25, are provided, wherein the sub-sections 25 have the same 

length measured along the transporting direction T. For example, the length of 

each subsection is about 1.5 mm, consequently forming a second length L2 of 

about 4.5 mm. Furthermore, it is preferably provided that a respective second 

width W2 assigned to each of the subsection increases along the transporting di

30 rection T. For example the second width W2 is increased by 0.2 mm by each tran

sition from one subsection 26 to the next subsection 26 in transporting direction T.  

Alternatively, it is also convincible that the enlargement of the second width W2 
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between adjacent subsections 26 and/or the length of each subsection 26 differs 

along the transporting direction T.  

In figure 2d a further first nozzle element 10 is presented and this first nozzle ele

5 ment is part of the nozzle system called EA-5697 in the following. Compared to the 

embodiment of figure 2b, a longer collecting part 13 is provided. Furthermore, it is 

provided that the third width W3 being for example about 0.8 mm is smaller than 

the second with W2 being for example about 1 mm.  

10 In Figure 3 a front end FE of a nozzle system 1 according to the prior at is pre

sented in a perspective view for comparing it to front ends FE of nozzle systems 1 

of the figures 3a to 3i representing different exemplary embodiments of nozzle 

system 1 according to the present invention. In particular, the view at the front end 

FE shows the fourth cross section formed at the end of the channel 25 for ejecting 

15 the liquid stream 22. The nozzle system 1 representing the prior art is called in the 

following EMS. This nozzle system 1 is ring-shaped and has no structures includ

ed in the channel 25 for forming a profiled fourth cross section. In contrast to that, 

the channel 25 of the nozzle systems 2 illustrated by the figure 3a to 3h is formed 

by several sub-channels, in particular groove like sub-channels, between the first 

20 nozzle element 10 and the second nozzle element 20. The sub-channels extends 

preferably parallel to the transporting direction T and their ends at the front end of 

the nozzle system 1 forms the fourth cross section. In particular, the sub-channels 

have a fourth length L4 measured in a direction extending parallel to the transport

ing direction T. Preferably, the fourth length L4 is determined by the length of rip 

25 elements and/or strut elements 17 protruding from the first nozzle element 10 ra

dially. For example, the fourth length L4 is longer than the second length L2. In 

particular, a ratio of the second length L2 to the fourth length L4 is larger than 1, 

preferably larger than 2 and most preferably larger than 3.  

30 In particular, the struts elements 17 are part of the first nozzle element 10. Moreo

ver, it is provided that the outer surface/side 15 of the first nozzle element 10 has 

an arched shape between two adjacent strut elements 17. In particular the first 
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nozzle element 10 includes grooves 35 for forming the sub-channels. Thereby the 

outer surface/side 15 of the first nozzle element 10 is shaped/curved inwardly. In 

the nozzle systems of the figure 3a to 3d the arched shape is mainly parabolic and 

six different sub-channels are formed by six radially extending strut elements 17.  

5 The nozzle system of the figures 3a to 3d mainly differs from each other by the 

thickness of a wall assigned to the first nozzle element 10.  

In the figures 3e and 3f more than six sub-channels are realized. In the figure 3f 

and 3g are less than six sub-channels formed and the arched shape is mainly like 

10 a circular arc. In figure 3i the fourth cross section is formed by a slit 36.  

Furthermore, the nozzle system of figure 3a refers to EA 5682, the nozzle system 

of figure 3b to EA 5701, the nozzle system of figure 3c to EA 5698 and the nozzle 

system of figure 3d to EA 5697. For those nozzle systems an abrasivity of the out

15 put stream 1 was measured and compared to the abrasivity of the nozzle system 

named EMS. Abrasivity test is carried out by using a test bench where the nozzle 

is placed at 450 and 2 mm of projected distance. A shutter in front of the nozzle is 

used to determine the exposure time. To determine the abrasivity, the test material 

is a PMMA plate. 16 abrasion points are made for each test using the same appli

20 cation time. In order to avoid experimental bias, the exposure time is adjusted to 

get abrasion holes of 20 to 200 microns. The exposure time is mostly between 1 

and 5 seconds. This exposure time is not a key parameter as the outcome is nor

malized according to the powder amount used. Therefore the abrasivity is defined 

as the crater depth generation rate over powder quantity. Abrasivity = Crater depth 

25 [pm] / powder quantity used [g] 

The abrasivity of EMS had a value between 1700 and 2333 pm/g, EA-5682 had a 

value between 1300 and 1600 pm/gm, EA-5701 had a value between 900 and 

1100 pm/g, EA-5698 had a value between 700 and 1100 pm/g and ES 5697 had a 

value between 400 and 600 pm/g.  

30 

In figure 4 a fifth cross section Q5 assigned to the output stream realized by EA

5701 is shown. The fifth cross section of the output stream is visualized by direct
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ing the output stream 2 on a painted steel surface located at a distance of 2.2 mm 

from the front end FE of the nozzle system 1. It can be seen that the fifth cross 

section differs from a circularly formed cross section.  

5 

Reference signs: 

1 nozzle system 

2 output stream 

10 10 first nozzle element 

11 acceleration part 

12 spreading part 

13 collecting part 

14 inner side 

15 15 outer side 

17 strut elements 

20 second nozzle element 

21 powder-gas mixture stream 

22 liquid stream 

20 23 output surface 

25 channel 

26 subsection 

35 groove 

36 slit 

25 T transporting direction 

FE front end 

Li first length 

L2 second length 

L3 third length 

30 W1 first width 

W2 second width 

W3 third width 

Q5 fifth cross section 
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The Claims Defining The Invention Are As Follows: 

1. Nozzle system for a powder blasting device comprising 

5 a first nozzle element for transporting a powder-gas mixture stream along a 

transporting direction and 

a second nozzle element, wherein the second nozzle element surrounds the 

first nozzle element such that at least one channel is formed between the first 

nozzle element and the second nozzle element, wherein the channel is 

10 provided for transporting a liquid stream, wherein the first nozzle element and 

the second nozzle element are arranged such that in operation the powder

gas-mixture stream ejected by the first nozzle element is encased by the 

liquid stream ejected by the channel for forming an output stream of the 

nozzle system, 

15 wherein the first nozzle element has an acceleration part having a first cross 

section and a spreading part having a second cross section, wherein the 

spreading part is arranged downstream of the acceleration part, wherein the 

second cross section is larger than the first cross section, wherein the 

acceleration part has a first cross section being constant in a direction 

20 extending along the transporting direction, 

wherein the first nozzle element and the second nozzle element terminate at 

a front end of the nozzle system or, wherein the first nozzle element 

protrudes at the front end of the nozzle system.  

25 2. Nozzle system according to claim 1, wherein the spreading part has a 

second cross section being at least partially constant in a direction extending 

along the transporting direction.  

3. Nozzle system according to one of the preceding claims, wherein the first 

30 cross section has a first width measured perpendicular to the transporting 

direction and a second cross section has a second width measured 

perpendicular to the transporting direction, wherein the second width is up to 

three times, preferably up to 2.5 times and most preferably up to 2 times, in 

particular mainly 1.5 times, larger than the first width and/or wherein the first 
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width has a width between 0.1 and 2.5 mm, preferably between 0.25 and 1.5 

mm and most preferably 0.6.  

4. Nozzle system according to one of the preceding claims, wherein the first 

5 nozzle element comprises a collecting part, wherein the collecting part is 

arranged upstream to the acceleration part, wherein the collecting part has a 

third cross section being preferably at least partially constant along the 

transporting direction.  

10 5. Nozzle system according to claim 4, wherein the third cross section is larger 

than the first cross section, wherein 

- a third width of the third cross section is up to three times, preferably up to 

two times and most preferably up to 1.6 times, in particular mainly 1.2 times, 

larger than the first width, wherein the first width has a width between 0.1 and 

15 2.5 mm, preferably between 0.25 and 1.5 mm and most preferably 0.6 mm.  

6. Nozzle system according to one of the preceding claims, wherein an inner 

curvature of the first nozzle element in a transition area or in the spreading 

part has a step-like and/or a cone-like shape.  

20 

7. Nozzle system according to one of the preceding claims, wherein the 

acceleration part has a first length measured along the transporting direction 

and the spreading part has a second length measured along the transporting 

direction, wherein the second length is 0.5 to 3.5 times, preferably 1.1 to 2 

25 times and most preferably 1.3 to 1.8 times, longer than the first length.  

8. Nozzle system according to one of the preceding claims, wherein the liquid 

stream is ejected from the channel via an output surface, wherein the 

channel is preferably configured such that the liquid stream encasing the 

30 powder-gas mixture stream is formed by droplets.  

9. Nozzle system according to claim 8, wherein the output surface has a fourth 

cross section, wherein the fourth cross section preferably has a size between 

20



0.1 and 0.9 mm 2 , preferably between 0.3 and 0.6 mm 2 and most preferably 

between 0.3 and 0.4 mm 2.  

10. Powder blasting device comprising the nozzle system according to one of the 

5 preceding claims.  
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