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ative pressure region (125) in the main flow passage
(110), wherein the passage constriction (140) comprises
atleastone lateralinlet opening (220, 221) through which
a second fluid (230) enters the main flow passage (110)
for being mixed with the first fluid (210) in the main flow
passage (110), and wherein at least one bluff body (150,
151) is arranged in the main flow passage (110).

— 7

199—IN\( |~

S/

210%\\5{;;' i

120— "
210

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 3 919 815 A1
Description
Background of the Invention

[0001] The present invention relates to a Venturi-type mixing nozzle with a nozzle body that comprises a main flow
passage having an inlet end and an outlet end, wherein a first fluid enters the main flow passage via the inlet end, the
main flow passage comprising a passage constriction between the inlet end and the outlet end for creation of a negative
pressure region in the main flow passage, wherein the passage constriction comprises at least one lateral inlet opening
through which a second fluid enters the main flow passage for being mixed with the first fluid in the main flow passage.
Moreover, the present invention relates to a combustion device having such a Venturi-type mixing nozzle.

[0002] Document WO 2018/015130 A1 describes a Venturi-type mixing nozzle having a nozzle body with a main flow
passage that has an inlet end and an outlet end. The main flow passage includes a passage constriction between the
inlet end and the outlet end for creation of a negative pressure region in the main flow passage. The passage constriction
is provided with a plurality of lateral inlet openings. In operation, a first fluid enters the main flow passage via the inlet
end and a second fluid enters the main flow passage via the lateral inlet openings for being mixed with the first fluid in
the main flow passage.

[0003] Other Venturi-type mixing nozzles are e.g. described in documents US 2017/108213 A1, EP 3 006 827 A1,
and WO 2016/194056 A1. All of these Venturi-type mixing nozzles are provided to allow mixing of a first fluid with a
second fluid in a respective main flow passage provided by means of the Venturi-type mixing nozzles.

Summary of the Invention

[0004] The present invention relates to a Venturi-type mixing nozzle with a nozzle body that comprises a main flow
passage having an inlet end and an outlet end, wherein a first fluid enters the main flow passage via the inlet end. The
main flow passage comprises a passage constriction between the inlet end and the outlet end for creation of a negative
pressure region in the main flow passage. The passage constriction comprises at least one lateral inlet opening through
which a second fluid enters the main flow passage for being mixed with the first fluid in the main flow passage. At least
one bluff body is arranged in the main flow passage between the inlet end and the at least one lateral inlet opening. The
at least one bluff body extends in radial direction of the main flow passage towards a nozzle body central axis for creation
of a low pressure zone that extends in the radial direction of the main flow passage along the at least one bluff body.
[0005] Advantageously, the at least one bluff body is positioned in the main flow passage upstream of the at least one
lateral inlet opening such that its wake shields the at least one lateral inlet opening. The pressure in the shielded region
of the at least one lateral opening may, thus, be reduced compared to the pressure in circumjacent unshielded regions
of the passage constriction, such that pressure loss at the at least one lateral inlet opening is significantly reduced. As
aresult, injection of the second fluid into the main flow passage and, thus, mixing of the first and second fluids is improved
and performed over a significantly reduced longitudinal length inside of the Venturi-type mixing nozzle.

[0006] According to one aspect, the low pressure zone is created such that the first fluid has a flow velocity in the low
pressure zone that is at least reduced compared to a flow velocity that is otherwise attributed to the first fluid in the
negative pressure region.

[0007] Thus, the second fluid is reliably injected close to the nozzle body central axis such that the first fluid will flow
along the nozzle body wall, which improves boundary layer attachment, especially when the second fluid has a significantly
lower flow density than the first fluid. More particularly, by injecting the second fluid close to the nozzle body central axis,
the second fluid is directly and entirely surrounded by the first fluid for mixing of the first and second fluids. As a result,
a respective surface area or shear layer between the first and second fluids is enlarged, which enhances the mixing of
the first and second fluids. Thus, a respective volume of unburned fluid mix in an associated combustion device may
advantageously be reduced, thereby reducing the severity of an unintended ignition inside the Venturi-type mixing nozzle.
[0008] According to one aspect, the at least one bluff body creates at least partly in the negative pressure region
turbulences of the first fluid flowing around the at least one bluff body.

[0009] The creation of the turbulences further improves boundary layer attachment, thereby reducing an overall pres-
sure drop of the Venturi-type mixing nozzle. More specifically, if the flow density of the second fluid is significantly lower
than the flow density of the first fluid, e.g. if the first fluid is air and the second fluid is hydrogen, then a respective second
fluid flow will tend to be laminar, having a lower Reynolds number than a given first fluid flow. As a result, the second
fluid flow will be more susceptible to boundary layer separation than the first fluid flow. By creating the turbulences and
injecting the second fluid close to the nozzle body central axis, the first fluid flow will be closer to the nozzle body wall
than the second fluid flow. Because the denser first fluid flow is more turbulent (higher Reynolds number), it is therefore
more resistant to boundary layer separation. Therefore, a respective downstream flow in the diverging part of the main
flow passage will have better boundary layer attachment, and therefore a more uniform velocity profile and greater flow
deceleration, resulting in a lower overall pressure drop. This lower overall pressure drop may advantageously be used
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to increase the operating range of the Venturi-type mixing nozzle and/or to reduce a required fan power for creation of
the first fluid flow.

[0010] According to one aspect, the atleast one bluff body is adapted to ensure that the second fluid is fully surrounded
by the first fluid after having entered the main flow passage through the at least one lateral inlet opening.

[0011] Thus, a direct and entire surrounding of the second fluid by the first fluid upon its injection into the main flow
passage can easily and reliably be achieved.

[0012] Preferably, the at least one bluff body is attached to, or integrally formed with, the nozzle body.

[0013] Accordingly, a robust and solid nozzle body may be provided, which may advantageously be manufactured
using cost-effective processes, such as casting or injection moulding.

[0014] Alternatively, the at least one bluff body may be attached to, or integrally formed with, a bluff body support that
is mounted to the nozzle body.

[0015] Thus, even retrofitting of existing Venturi-type mixing nozzles may be considered and the nozzle body may
respectively be manufactured using cost-effective methods, such as casting, turning or extruding.

[0016] Preferably, the at least one lateral inlet opening is connected to a support channel that is arranged at a prede-
termined angle of more than 90° relative to the nozzle body central axis such that the second fluid is injected into the
main flow passage in a direction that points away from the at least one bluff body.

[0017] Accordingly, the second fluid may directly be injected into turbulences of the first fluid flowing around the at
least one bluff body such that mixing of the first and second fluids may further be improved.

[0018] According to a variant, the at least one lateral inlet opening is connected to a support channel that is arranged
at a predetermined angle of less than 90° relative to the nozzle body central axis such that the second fluid is injected
into the main flow passage in a direction that points towards the at least one bluff body.

[0019] Thus, the second fluid may be injected into the main flow passage such that it flows all along the at least one
bluff body up to a closest possible point relative to the nozzle body central axis.

[0020] According to one aspect, the at least one bluff body may be wedge-shaped and may comprise an arc-shaped
or straight surface that faces the nozzle body central axis. The at least one bluff body may also be pin-shaped and may
comprise an arc-shaped surface that faces the inlet end. The at least one bluff body may also be plate-shaped.

[0021] Accordingly, various different forms and shapes are available for realization of the at least one bluff body.
[0022] The at least one bluff body may comprise an overhang that shields at least partly the at least one lateral inlet
opening in direction of the nozzle body central axis.

[0023] Such an overhang may advantageously be provided for initially guiding the second fluid after injection through
the at least one lateral inlet opening into the main flow passage.

[0024] Preferably, the at least one lateral inlet opening is punctiform or slot-shaped.

[0025] Thus, the at least one lateral inlet opening may be manufactured using a cost-effective process, such as e.g.
drilling or milling.

[0026] According to one aspect, at least one additional bluff body is arranged in the main flow passage downstream
of the at least one lateral inlet opening.

[0027] Such an additional bluff body may advantageously create swirl or turbulence of the second fluid, thereby further
improving mixing of the first and second fluids.

[0028] According to one aspect, the at least one bluff body has a width that amounts at least to half of a hydraulic
diameter of the at least one lateral inlet opening, and at most to twice the hydraulic diameter. Preferably, the at least
one bluff body has a height that amounts at least to half of a hydraulic diameter of the at least one lateral inlet opening,
and at most to a radial distance between the nozzle body and the nozzle body central axis at the passage constriction.
[0029] Thus, the at least one bluff body may easily be optimised for proper functioning, at least to the greatest possible
extent.

[0030] A longitudinal distance between the at least one bluff body and the at least one lateral inlet opening preferably
amounts at most to a hydraulic diameter of the at least one lateral inlet opening.

[0031] Accordingly, creation of the low pressure zone that extends in the radial direction of the main flow passage
from the at least one lateral inlet opening along the at least one bluff body may reliably be achieved.

[0032] Preferably, the hydraulic diameter of the at least one lateral inlet opening is less than the Maximum Experimental
Safety Gap of the second fluid.

[0033] If the second fluid is a combustible gas, this advantageously prevents a flame from being able to travel in
operation upstream the Venturi-type mixing nozzle into the associated lateral inlet opening, thereby safely preventing a
flame flashback event.

[0034] Preferably, the first fluid is air and the second fluid is a combustible gas.

[0035] Thus, the Venturi-type mixing nozzle may advantageously be used with a combustion device that is adapted
for combustion of a gas/air mixture, e.g. a hydrogen/air mixture.

[0036] According to one aspect, the passage constriction comprises a plurality of lateral inlet openings, wherein the
at least one bluff body is arranged in the main flow passage between the inlet end and two or more of the plurality of
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lateral inlet openings.

[0037] Thus, a simplified construction of the Venturi-type mixing nozzle may advantageously be enabled, wherein
provision of a separate bluff body for each lateral inlet opening can be omitted.

[0038] According to one embodiment, the nozzle body central axis is a plane of symmetry.

[0039] Accordingly, a symmetrical nozzle body may easily be provided.

[0040] Preferably, the atleast one bluff body has the shape of a saw tooth, a rounded unsymmetrical tooth, a pyramidal
tooth, a dome, a conical tooth, or a wedge-type fin.

[0041] Thus, the at least one bluff body may be provided with a shape selected out of various different available
shapes, which may easily be formed in an efficient and uncomplicated manner.

[0042] According to one embodiment, the at least one bluff body extends in radial direction of the main flow passage
at least partly from the nozzle body towards the nozzle body central axis.

[0043] Thus, an improved shielding of the at least one lateral inlet opening by means of the at least one bluff body’s
wake may be obtained. The pressure in the shielded region of the at least one lateral opening may, thus, further be
reduced compared to the pressure in circumjacent unshielded regions of the passage constriction, such that pressure
loss at the at least one lateral inlet opening is significantly reduced.

[0044] Preferably, the low pressure zone created by the at least one bluff body extends in the radial direction of the
main flow passage from the at least one lateral inlet opening along the at least one bluff body.

[0045] Thus, a required supply pressure for the second fluid may advantageously be reduced.

[0046] Furthermore, the presentinvention relates to a combustion device with a Venturi-type mixing nozzle as described
above.

[0047] In this case, the atleast one bluff body of the Venturi-type mixing nozzle has preferably a shape that is designed
dependenton the size of an associated lateral inlet opening, such that the associated lateral inlet opening has a hydraulic
diameter that is smaller than a so-called "Maximum Experimental Safe Gap" of the second fluid. This advantageously
prevents a flame from being able to travel in operation of the combustion device upstream the Venturi-type mixing nozzle
into the associated lateral inlet opening, thereby safely preventing a flame flashback event.

Brief Description of the Drawings
[0048] Exemplary embodiments of the present invention are described in detail hereinafter with reference to the

attached drawings. In these attached drawings, identical or identically functioning components and elements are labelled
with identical reference signs and they are generally only described once in the following description.

Fig. 1 shows a perspective view of a Venturi-type mixing nozzle with bluff bodies according to a first
embodiment,

Fig. 2 shows a sectional view of the Venturi-type mixing nozzle of Fig. 1,

Fig. 3 shows a schematic view of exemplary flows of first and second fluids in the Venturi-type mixing

nozzle of Fig. 1 and Fig. 2,

Fig. 4 shows a perspective view of a Venturi-type mixing nozzle with bluff bodies according to a second
embodiment,

Fig. 5 shows a perspective view of a Venturi-type mixing nozzle with bluff bodies according to a third
embodiment,

Fig. 6 shows sectional views of a bluff body and exemplary support channels,

Fig. 7 show perspective views of exemplary bluff bodies,

Fig. 8 and Fig. 9 show sectional views of exemplary bluff bodies,

Fig. 10 and Fig. 11 show sectional views of exemplary arrangements with an additional bluff body,

Fig. 12 shows a perspective view of a Venturi-type mixing nozzle with bluff bodies according to a fourth
embodiment,
Fig. 13 shows a partial sectional view of the Venturi-type mixing nozzle of Fig. 1, and
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Fig. 14 shows a schematic view of a constriction passage of the Venturi-type mixing nozzle of Fig. 1 with
a plurality of bluff bodies having exemplarily differing shapes.

Detailed Description

[0049] Fig. 1 shows an exemplary Venturi-type mixing nozzle 100 with a nozzle body 105 that forms a main flow
passage 110. According to one aspect, the Venturi-type mixing nozzle 100 is used for mixing of a combustible gas, e.
g. hydrogen, with air in an associated combustion device at a desired concentration or ratio. Such a combustion device
may e.g. be used in building heating systems.

[0050] The main flow passage 110 has an inlet end 120 and an outlet end 130 and is illustratively formed along the
longitudinal direction of the nozzle body 105. More specifically, the main flow passage 110 in the nozzle body 105 is
generally formed as a tubular channel with a smooth inner surface 199.

[0051] According to one aspect, the main flow passage 110 has a passage constriction 140 that is arranged between
the inlet end 120 and the outlet end 130. lllustratively, the main flow passage 110 is funnel-shaped between the inlet
end 120 and the passage constriction 140 and, thus, having a converging inflow section. Between the passage constriction
140 and the outletend 130, the main flow passage 110 isillustratively conical and, thus, having a diverging outflow section.
[0052] Preferably, atleast one bluff body is arranged in the main flow passage 110 between the inlet end 120 and the
passage constriction 140, i.e. in the converging inflow section. lllustratively, a plurality of bluff bodies is provided but,
however, only two bluff bodies are separately labelled with the reference signs 150, 151, for simplicity and clarity of the
drawing. In the following description, reference is generally made to one or both of the bluff bodies 150, 151, representative
for all respectively provided bluff bodies.

[0053] The bluff bodies 150, 151 protrude illustratively from the smooth inner surface 199 of the main flow passage
110 and are preferably attached to, or integrally formed with, the nozzle body 105. In other words, the bluff bodies 150,
151 are formed as bumps or dents on the otherwise smooth inner surface 199 inside of the main flow passage 110 and,
thereby, form additional constrictions of the main flow passage 110.

[0054] Fig. 2 shows the Venturi-type mixing nozzle 100 of Fig. 1 with the nozzle body 105 that forms exemplarily along
its nozzle body central axis 290 the main flow passage 110 having the inlet end 120, the outlet end 130, and the passage
constriction 140. lllustratively, the nozzle body central axis 290 is a plane of symmetry.

[0055] The passage constriction 140 is arranged between the inlet end 120 and the outlet end 130 for creation of a
negative pressure region 125 in the main flow passage 110 during operation of the Venturi-type mixing nozzle 100. The
negative pressure region 125 is only by way of example and for illustration purposes delimited by means of two dashed
lines.

[0056] According to one aspect, the passage constriction 140 comprises at least one lateral inlet opening. Preferably,
a plurality of lateral inlet openings is provided but, however, only two lateral inlet openings are illustrated and separately
labelled with the reference signs 220, 221, for simplicity and clarity of the drawing. In the following description, reference
is generally made to one or both of the lateral inlet openings 220, 221, representative for all respectively provided lateral
inlet openings.

[0057] As described above at Fig. 1, the bluff bodies are arranged in the main flow passage 110 between the inlet
end 120 and the passage constriction 140. More specifically, the bluff bodies 150, 151 are preferably arranged in the
main flow passage 110 between the inlet end 120 and the lateral inlet openings 220, 221. The bluff body 150 isillustratively
arranged between the inlet end 120 and the lateral inlet opening 220, and the bluff body 151 is illustratively arranged
between the inlet end 120 and the lateral inlet opening 221.

[0058] According to one aspect, one bluff body is provided for each lateral inlet opening. However, at least one bluff
body may alternatively also be provided for two or more lateral inlet openings. In other words, it is possible to provide a
single bluff body for all lateral inlet openings.

[0059] Each one of the bluff bodies 150, 151 preferably extends at least partly from the nozzle body 105 and, more
particularly, from the smooth inner surface 199 of the main flow passage 110 towards the nozzle body central axis 290,
preferentially in radial direction 107 of the main flow passage 110, for creation of an associated low pressure zone during
operation of the Venturi-type mixing nozzle 100. At least one of the bluff bodies 150, 151 may be attached to, or integrally
formed with, the nozzle body 105. Alternatively, at least one of the bluff bodies 150, 151 may be attached to, or integrally
formed with, a bluff body support that is adapted to be mounted to the nozzle body. Furthermore, at least one of the
bluff bodies 150, 151 may be in contact with the nozzle body 105 or, alternatively, be spaced apart therefrom.

[0060] A respective low pressure zone that is associated with the bluff body 150 is illustratively labelled with the
reference sign 240, and a respective low pressure zone that is associated with the bluff body 151 is illustratively labelled
with the reference sign 241. Each one of the associated low pressure zones 240, 241 extends along the respectively
associated bluff body 150, 151, preferably from its associated lateral inlet opening 220, 221 along the respectively
associated bluff body 150, 151, and preferentially in the radial direction 107 of the main flow passage 110.

[0061] In an exemplary operation of the Venturi-type mixing nozzle 100, a first fluid 210 enters the main flow passage
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110 via the inlet end 120 and a second fluid 230 enters the main flow passage 110 via the lateral inlet openings 220,
221 for being mixed with the first fluid 210 in the main flow passage 110. By way of example, the first fluid 210 is air and
the second fluid 230 is a combustible gas, e.g. hydrogen. More specifically, the first fluid 210 that enters the main flow
passage 110 via the inlet end 120 backs up in the converging section between the inlet end 120 and the passage
constriction 140 such that the negative pressure region 125 is created due to an acceleration of the first fluid 210 by
means of the nozzle effect. Since the lateral inlet openings 220, 221 open into the passage constriction 140, the second
fluid 230 is drawn into the main flow passage 110, where the second fluid 230 is mixed with the first fluid 210. lllustratively,
the second fluid 230 is guided to the lateral inlet openings 220, 221 via associated support channels 227, 229, which
are exemplarily arranged at an angle of 90° relative to the nozzle body central axis 290.

[0062] According to one aspect, the bluff bodies 150, 151 are provided for creation of the low pressure zones 240,
241 in the negative pressure region 125 such that the first fluid 210 has a flow velocity in the low pressure zones 240,
241 that is at least reduced compared to a flow velocity that is otherwise attributed to the first fluid 210 in the negative
pressure region 125. More particularly, the bluff bodies 150, 151 are preferably adapted to ensure that the second fluid
230 is fully surrounded by the first fluid 210 after having entered the main flow passage 110 through the lateral inlet
openings 220, 221.

[0063] Fig. 3 shows a section of the main flow passage 110 with the smooth inner surface 199 that is formed by the
nozzle body 105 of the Venturi-type mixing nozzle 100 of Fig. 1 and Fig. 2. lllustratively, the bluff body 150 protrudes
from the smooth inner surface 199 of the main flow passage 110 at a predetermined position upstream of the lateral
inlet opening 220. The bluff body 150 is preferably attached to, or integrally formed with, the nozzle body 105.

[0064] According to one aspect, the bluff body 150 creates at least partly turbulences 310 of the first fluid 210 flowing
around the bluff body 150. Preferably, the turbulences 310 are at least created in the negative pressure region 125.
[0065] In an exemplary operation of the Venturi-type mixing nozzle 100, the second fluid 230 is drawn through the
lateral inlet opening 220 along the bluff body 150 into the main flow passage 110 such that the first fluid 210 flows along
the smooth inner surface 199 and directly surrounds the second fluid 230 downstream of the lateral inlet opening 220.
By creating the turbulences 310 of the first fluid 210 around the second fluid 230, mixing of the first and second fluids
210, 230 is significantly improved.

[0066] Fig. 4 shows a Venturi-type mixing nozzle 400 with a nozzle body 405 that forms a main flow passage 410
having aninletend 420 and a passage constriction 440 that is illustratively provided with a plurality of lateral inlet openings
421. The Venturi-type mixing nozzle 400 is illustratively provided with a plurality of bluff bodies. However, for simplicity
and clarity of the drawing only a single bluff body is separately labelled with the reference sign 451.

[0067] According to one aspect, the Venturi-type mixing nozzle 400 is embodied similar to the Venturi-type mixing
nozzle 100 of Fig. 1 to Fig. 3 so that a detailed description of the Venturi-type mixing nozzle 400 may be omitted for
brevity and conciseness. However, in contrast to the Venturi-type mixing nozzle 100 of Fig. 1 to Fig. 3, the bluff body
451 of the Venturi-type mixing nozzle 400 is attached to, or integrally formed with, a bluff body support 450 that is adapted
to be mounted to the nozzle body 405. By way of example, the bluff body support 450 is ringshaped and at least partly
funnel-shaped.

[0068] Fig. 5 shows a Venturi-type mixing nozzle 500 with a nozzle body 505 that forms a main flow passage 510
having an inlet end 520, an outlet end 530, and a passage constriction 540 that is illustratively provided with a plurality
of lateral inlet openings 521. The Venturi-type mixing nozzle 500 is illustratively provided with a plurality of bluff bodies.
However, for simplicity and clarity of the drawing only a single bluff body is separately labelled with the reference sign 551.
[0069] According to one aspect, the Venturi-type mixing nozzle 500 is embodied similar to the Venturi-type mixing
nozzle 100 of Fig. 1 to Fig. 3 so that a detailed description of the Venturi-type mixing nozzle 500 may be omitted for
brevity and conciseness. However, in contrast to the Venturi-type mixing nozzle 100 of Fig. 1 to Fig. 3, the bluff body
551 of the Venturi-type mixing nozzle 500 is attached to, or integrally formed with, a bluff body support 550 that is adapted
to be mounted to the nozzle body 505. lllustratively, the bluff body support 550 is cruciform and consists of two crossing
bars, each supporting two exemplary bluff bodies.

[0070] By way of example, the bluff body support 550 is provided with one or more positioning members 555. The
positioning members 555 preferably interact with associated counterpart members 525 provided at the nozzle body 505
in order to enable an adequate positioning of the bluff body support 550 at the nozzle body 505. lllustratively, the
associated counterpart members 525 are slots and the positioning members 555 are extensions of the crossing bars of
the bluff body support 550 that fit into the slots.

[0071] Fig. 6 shows the nozzle body 105 of Fig. 1 to Fig. 3 that forms the main flow passage 110 having the nozzle
body central axis 290. The nozzle body 105 is provided with the bluff body 150 and the lateral inlet opening 220.
[0072] Part (A) of Fig. 6 further illustrates an exemplary support channel 610 which may e.g. be used instead of the
support channel 227 of Fig. 2. By way of example, the support channel 610 is connected to the lateral inlet opening 220
and preferably arranged at a predetermined angle 620 of more than 90° relative to the nozzle body central axis 290
such that the second fluid (230 of Fig. 2) is injected into the main flow passage 110 in a direction that points away from
the bluff body 150.
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[0073] Part (B) of Fig. 6 further illustrates another exemplary support channel 615 which may e.g. be used instead of
the support channel 227 of Fig. 2. By way of example, the support channel 615 is connected to the lateral inlet opening
220 and preferably arranged at a predetermined angle 625 of less than 90° relative to the nozzle body central axis 290
such that the second fluid (230 of Fig. 2) is injected into the main flow passage 110 in a direction that points towards
the bluff body 150.

[0074] Fig. 7 shows the bluff body 150 and the lateral inlet opening 220 formed on/in the nozzle body 105 of Fig. 1 to
Fig. 3. In parts (A) to (D) of Fig. 7, different possible forms and shapes of the bluff body 150 are illustrated.

[0075] In part (A), the bluff body 150 is exemplarily wedge-shaped and has an arc-shaped surface 710 that faces the
nozzle body central axis (290 in Fig. 2), as well as a straight surface 715 that faces the lateral inlet opening 220. In other
words, the bluff body 150 has a sawtooth-like shape.

[0076] In part (B), the bluff body 150 is exemplarily wedge-shaped and has a straight surface 720 that faces the nozzle
body central axis (290 in Fig. 2), as well as a straight surface 725 that faces the lateral inlet opening 220. In other words,
the bluff body 150 has at least approximatively a V-shaped form.

[0077] In part(C), the bluff body 150 is exemplarily pin-shaped and has an arc-shaped surface 730 that faces the inlet
end (120 in Fig. 2), as well as a straight surface 735 that faces the lateral inlet opening 220. In other words, the bluff
body 150 has the shape of a half or semi-circular cylinder.

[0078] In part (D), the bluff body 150 is exemplarily plate-shaped. lllustratively, the plate-shaped bluff body 150 has
two opposing flat surfaces 740, 745, wherein the flat surface 745 faces the lateral inlet opening 220.

[0079] Fig. 8 shows the bluff body 150 and the lateral inlet opening 220 formed on/in the nozzle body 105 of Fig. 1 to
Fig. 3. The bluff body 105 protrudes from the nozzle body 105 into the main flow passage 110.

[0080] More specifically, part (A) of Fig. 8 is a sectional view of part (B) of Fig. 7, which further illustrates the straight
surfaces 720, 725 of the exemplarily wedge-shaped bluff body 105. By way of example, the straight surface 725 is at
least approximately arranged at an angle of 90° relative to the nozzle body 105.

[0081] Part (B) of Fig. 8 is a sectional view of part (A) of Fig. 7, which further illustrates the arc-shaped surface 710
and the straight surface 715 of the exemplarily wedge-shaped bluff body 105. By way of example, the straight surface
715 is at least approximately arranged at an angle of 90° relative to the nozzle body 105.

[0082] Fig. 9 shows the bluff body 150 and the lateral inlet opening 220 formed on/in the nozzle body 105 of Fig. 1 to
Fig. 3. The bluff body 105 protrudes from the nozzle body 105 into the main flow passage 110 having the nozzle body
central axis 290. According to one aspect, the bluff body 150 is provided with an overhang that shields at least partly
the lateral inlet opening 220 in direction of the nozzle body central axis 290.

[0083] More specifically, part (A) of Fig. 9 is a sectional view of part (B) of Fig. 7, which further illustrates the exemplarily
wedge-shaped bluff body 105 with the straight surface 720. However, instead of the straight surface 725 of part (B) of
Fig. 7 that is at least approximately arranged at an angle of 90° relative to the nozzle body 105, a straight surface 910
is provided that is exemplarily arranged at an angle of 45° relative to the nozzle body 105 and embodied such that it
shields the lateral inlet opening 220 at least partly in direction of the nozzle body central axis 290 by extending the
wedge-shaped bluff body 105 over the lateral inlet opening 220. The angle may be selected in an application-specific
manner and, thus, be smaller or greater than 45°.

[0084] Part (B)of Fig. 9 is a sectional view of part (A) of Fig. 7, which further illustrates the exemplarily wedge-shaped
bluff body 105 with the arc-shaped surface 710. However, instead of the straight surface 715 of part (A) of Fig. 7 that is
at least approximately arranged at an angle of 90° relative to the nozzle body 105, an arc-shaped surface 920 is provided
that is embodied such that it shields the lateral inlet opening 220 at least partly in direction of the nozzle body central
axis 290 by extending the wedge-shaped bluff body 105 over the lateral inlet opening 220.

[0085] Fig. 10 shows the bluff body 150 and the lateral inlet opening 220 formed on/in the nozzle body 105 of Fig. 1
to Fig. 3. The bluff body 105 protrudes from the nozzle body 105 into the main flow passage 110. The bluff body 105 is
exemplarily embodied wedge-shaped according to Fig. 7, part (B), with the straight surfaces 720, 725. According to one
aspect, at least one additional bluff body 1010 is arranged in the main flow passage 110 downstream of the lateral inlet
opening 220.

[0086] More specifically, in part (A) of Fig. 10 a single additional bluff body 1010 is arranged downstream of the bluff
body 105. By way of example, the single additional bluff body 1010 has a shape that is similar to the shape of the bluff
body 105. In part (B) of Fig. 10, the single additional bluff body 1010 is simply horizontally mirrored.

[0087] It should be noted that in Fig. 10 the additional bluff body 1010 is only by way of example wedge-shaped with
straight surfaces, such that it exhibits a triangular cross section, but not for limiting the invention accordingly. Instead,
the additional bluff body 1010 may have various suitable shapes and forms, as exemplarily described hereinafter with
reference to Fig. 11.

[0088] Fig. 11 shows the bluff body 150 and the lateral inlet opening 220 formed on/in the nozzle body 105 of Fig. 1
to Fig. 3. The bluff body 105 protrudes from the nozzle body 105 into the main flow passage 110. The bluff body 105 is
exemplarily wedge-shaped according to Fig. 7, part (B), with the straight surfaces 720, 725. Furthermore, the additional
bluff body 1010 of Fig. 10 is arranged in the main flow passage 110 downstream of the lateral inlet opening 220.
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[0089] More specifically, in part (A) of Fig. 11 the single additional bluff body 1010 is illustratively pin-, plate- or bloc-
shaped, e.g. similar to Fig. 7, part (C) or (D). In part (B) of Fig. 11 the single additional bluff body 1010 is illustratively
wedge-shaped with an arc-shaped surface and a straight surface, e.g. similar to Fig. 7, part (A).

[0090] Fig. 12 shows the Venturi-type mixing nozzle 400 of Fig. 4 with the nozzle body 405 that forms the main flow
passage 410 having the inlet end 420, an outlet end 430, and the passage constriction 440. The Venturi-type mixing
nozzle 400 further incudes the bluff body support 450 with the bluff body 451.

[0091] However, in contrast to Fig. 4 the lateral inlet opening 421 is now exemplarily slot-shaped instead of being
punctiform. In other words, in all variants of the present invention that are described in detail with reference to the
drawings, one or more slot-shaped lateral inlet openings may be provided instead of, or in addition to, respective punc-
tiform lateral inlet openings.

[0092] Fig. 13 shows the lower part of Fig. 2 with the bluff body 150 and the lateral inlet opening 220 formed on/in the
nozzle body 105. The bluff body 105 is illustratively embodied according to part (A) of Fig. 7 with the straight surface
715 and protrudes from the nozzle body 105 into the main flow passage 110 having the nozzle body central axis 290.
Furthermore, the lateral inlet opening 220 is connected to the support channel 227 at the passage constriction 140.
[0093] According to one aspect, the bluff body 150 has a height H that amounts at least to half of a hydraulic diameter
D of the lateral inlet opening 220, and at most to a radial distance R between the nozzle body 105 and the nozzle body
central axis 290 at the passage constriction 140. In addition, or alternatively, a longitudinal distance L between the bluff
body 150 and the lateral inlet opening 220 preferably amounts at most to the hydraulic diameter D of the lateral inlet
opening 220. The hydraulic diameter D is preferably smaller than a so-called "Maximum Experimental Safe Gap" of the
second fluid (230 of Fig. 2).

[0094] Fig. 14 shows the Venturi-type mixing nozzle 100 of Fig. 1 to Fig. 3, with the nozzle body 105 that forms the
main flow passage 110 having the passage constriction 140, wherein the lateral inlet opening 220 and the support
channel 227 are formed according to Fig. 2. Upstream of the lateral inlet opening 220 and the support channel 227, the
wedge-shaped bluff body 150 with the arc-shaped surface 710 according to part (A) of Fig. 7 is exemplarily arranged.
Preferably, the bluff body 150 has a width W that amounts at least to half of the hydraulic diameter D of the lateral inlet
opening 220 according to Fig. 13, and at most to twice the hydraulic diameter D.

[0095] By way of example, the Venturi-type mixing nozzle 100 is provided with five additional support channels 1410,
1420, 1430, 1440, 1450 that are connected to respectively associated lateral inlet openings which, however, are not
separately labelled for simplicity and clarity of the drawings. lllustratively, the support channels 1410, 1430, 1440, 1450,
and 227 are radially oriented with respect to the main flow passage 110, while the support channel 1420 is inclined with
respect to the radial direction of the main flow passage 110.

[0096] According to one aspect, the support channel 1410 is associated with a bluff body 1415 that is formed as a
wedge-type fin and that is moveably arranged close to the support channel 1410 for acting as a Vortex generator. The
support channel 1420 is exemplarily associated with a bluff body 1425 in the form of a rounded unsymmetrical tooth
having its height direction oriented along the inclination of the support channel 1420. Furthermore, the support channel
1430 is illustratively associated with a bluff body 1435 in the form of a pyramidal tooth, the support channel 1440 with
a dome- or mushroom-shaped bluff body 1445, and the support channel 1450 is illustratively associated with a bluff
body 1455 in the form of a conical tooth.

Claims

1. Venturi-type mixing nozzle (100) with a nozzle body (105) that comprises a main flow passage (110) having an inlet
end (120) and an outlet end (130), wherein a first fluid (210) enters the main flow passage (110) via the inlet end
(120), the main flow passage (110) comprising a passage constriction (140) between the inlet end (120) and the
outlet end (130) for creation of a negative pressure region (125) in the main flow passage (110), wherein the passage
constriction (140) comprises at least one lateral inlet opening (220, 221) through which a second fluid (230) enters
the main flow passage (110) for being mixed with the first fluid (210) in the main flow passage (110), and wherein
at least one bluff body (150, 151) is arranged in the main flow passage (110) between the inlet end (120) and the
at least one lateral inlet opening (220, 221), the at least one bluff body (150, 151) extending in radial direction (107)
of the main flow passage (110) towards a nozzle body central axis (290) for creation of a low pressure zone (240,
241) that extends in the radial direction (107) of the main flow passage (110) along the at least one bluff body (150,
151).

2. Venturi-type mixing nozzle of claim 1, wherein the low pressure zone (240, 241) is created such that the first fluid
(210) has a flow velocity in the low pressure zone (240, 241) that is at least reduced compared to a flow velocity
that is otherwise attributed to the first fluid (210) in the negative pressure region (125).
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Venturi-type mixing nozzle of claim 1 or 2, wherein the at least one bluff body (150, 151) creates at least partly in
the negative pressure region (125) turbulences (310) of the first fluid (210) flowing around the at least one bluff body
(150, 151).

Venturi-type mixing nozzle of any one of the preceding claims, wherein the at least one bluff body (150, 151) is
adapted to ensure that the second fluid (230) is fully surrounded by the first fluid (210) after having entered the main
flow passage (110) through the at least one lateral inlet opening (220, 221).

Venturi-type mixing nozzle of any one of the preceding claims, wherein the at least one bluff body (150, 151) is
attached to, or integrally formed with, the nozzle body (105).

Venturi-type mixing nozzle of any one of claims 1 to 4, wherein the at least one bluff body (451; 551) is attached to,
or integrally formed with, a bluff body support (450; 550) that is mounted to the nozzle body (405; 505).

Venturi-type mixing nozzle of any one of the preceding claims, wherein the at least one lateral inlet opening (220)
is connected to a support channel (610) that is arranged at a predetermined angle (620) of more than 90° relative
to the nozzle body central axis (290) such that the second fluid (230) is injected into the main flow passage (110)
in a direction that points away from the at least one bluff body (150).

Venturi-type mixing nozzle of any one of claims 1 to 7, wherein the atleast one lateral inlet opening (220) is connected
to a support channel (615) that is arranged at a predetermined angle (625) of less than 90° relative to the nozzle
body central axis (290) such that the second fluid (230) is injected into the main flow passage (110) in a direction
that points towards the at least one bluff body (150).

Venturi-type mixing nozzle of any one of the preceding claims, wherein the at least one bluff body (150) is wedge-
shaped and comprises an arc-shaped or straight surface (710, 720) that faces the nozzle body central axis (290).

Venturi-type mixing nozzle of any one of claims 1 to 8, wherein the at least one bluff body (150) is pin-shaped and
comprises an arc-shaped surface (730) that faces the inlet end (120).

Venturi-type mixing nozzle of any one of claims 1 to 8, wherein the at least one bluff body (150) is plate-shaped (740).

Venturi-type mixing nozzle of any one of the preceding claims, wherein the at least one bluff body (150) comprises
an overhang (910, 920) that shields at least partly the at least one lateral inlet opening (220) in direction of the nozzle
body central axis (290).

Venturi-type mixing nozzle of any one of the preceding claims, wherein the at least one lateral inlet opening (220;
421) is punctiform or slot-shaped.

Venturi-type mixing nozzle of any one of the preceding claims, wherein at least one additional bluff body (1010) is
arranged in the main flow passage (110) downstream of the at least one lateral inlet opening (220).

Venturi-type mixing nozzle of any one of the preceding claims, wherein the at least one bluff body (150) has a width
(W) that amounts at least to half of a hydraulic diameter (D) of the at least one lateral inlet opening (220), and at
most to twice the hydraulic diameter (D).

Venturi-type mixing nozzle of any one of the preceding claims, wherein the at least one bluff body (150) has a height
(H) that amounts at least to half of a hydraulic diameter (D) of the at least one lateral inlet opening (220; 421), and
at most to a radial distance (R) between the nozzle body (105) and the nozzle body central axis (290) at the passage
constriction (140).

Venturi-type mixing nozzle of any one of the preceding claims, wherein a longitudinal distance (L) between the at
least one bluff body (150) and the at least one lateral inlet opening (220) amounts at most to a hydraulic diameter
(D) of the at least one lateral inlet opening (220; 421).

Venturi-type mixing nozzle of any one of claims 15 to 17, wherein the hydraulic diameter (D) of the at least one
lateral inlet opening (220; 421) is less than the Maximum Experimental Safety Gap of the second fluid (230).
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Venturi-type mixing nozzle of any one of the preceding claims, wherein the first fluid (210) is air and the second fluid
(230) is a combustible gas.

Venturi-type mixing nozzle of any one of the preceding claims, wherein the passage constriction (140) comprises
a plurality of lateral inlet openings (220, 221), and wherein the at least one bluff body (150, 151) is arranged in the
main flow passage (110) between the inletend (120) and two or more of the plurality of lateralinlet openings (220, 221).

Venturi-type mixing nozzle of any one of the preceding claims, wherein the nozzle body central axis (290) is a plane
of symmetry.

Venturi-type mixing nozzle of any one of the preceding claims, wherein the at least one bluff body (150, 1415, 1425,
1435, 1445, 1455) has the shape of a saw tooth, a rounded unsymmetrical tooth, a pyramidal tooth, a dome, a
conical tooth, or a wedge-type fin.

Venturi-type mixing nozzle of any one of the preceding claims, wherein the at least one bluff body (150, 151) extends
in radial direction (107) of the main flow passage (110) at least partly from the nozzle body (105) towards the nozzle
body central axis (290).

Venturi-type mixing nozzle of any one of the preceding claims, wherein the low pressure zone (240, 241) created
by the at least one bluff body (150, 151) extends in the radial direction (107) of the main flow passage (110) from
the at least one lateral inlet opening (220, 221) along the at least one bluff body (150, 151).

Combustion device with a Venturi-type mixing nozzle (100) according to any one of the preceding claims.

10
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