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locity fluctuations are both large, the flame front may fluctuate beyond
the lean limit for combustion TECHNICAL FIELD
of the mixture resulting in extinction of the flame. Hence, if the
spreading rate and mixing of the fluid This invention relates generally to
the control of   5   jet emanating from the nozzle can be greatly en- the
motion of a gaseous, liquid or mixed-phase        hanced, the flame front
will be more stable and will fluid jet emanating from a nozzle. The
invention is  be positioned closer to the nozzle. In a similar concerned
with enhancing or controlling the rate of  manner, improvements in the
mixing process for mixing of the jet with its surroundings. A particu-  the
combustion of particulate fuel (for example, larly useful application of
the invention is to mixing   10  pulverised coal) which is entrained in a
gas stream nozzles, burners or combustors which burn gas-       can lead to
more effective control over the particle eous, liquid or particulate solid
fuels, where it is  residence times required for drying, preheating,
necessary for a fuel-rich stream of fluid or particles  release of
volatiles, combustion of the particles and to be mixed as efficiently as
possible with an      the control of undesirable emission products such
oxidizing fluid prior to combustion. The invention is  15  as oxides of
sulphur and nitrogen. however directed generally to mixing of fluids and
Swirl burners, bluff-body flow expanders or is not confined to applications
which involve a     flame-holders and so-called slot-burners are among
combustion process.                                 the devices which have
been used to enhance mixing of the fuel jet with its surroundings to over-
BACKGROUND ART                                 20  come, or delay, the type
of combustion instability described in the preceding paragraph, at the cost
Heat energy can be derived from "renewable"      of increased pressure loss
through the mixing noz- natural sources and from non-renewable fuels. Cur-
zle and/or secondary airflow system. Such nozzles rently the most usual
fuels used in industry and for  are constrained to operate below a critical
jet mo- electricity generation are coal, oil, natural and man-  25   mentum
at which the stabilising flow structures ufactured gas. The convenience of
oil and natural   they  generate  change  suddenly, losing  their gas will
ensure they remain preferred fuels until   stabilising qualities, and
causing the flame to be- limitations on their availability, locally or
globally,  come unstable and eventually to be extinguished. cause their
prices to rise to uneconomic levels.        All of the above-mentioned
means of improving Reserves of coal are very much greater and it is  30
flame stability are usually combined with partial likely that coal will
meet a substantial portion of  "pre-mixing" of the fuel with air or
oxidant. Such energy needs, especially for electricity generation,
pre-mixing has the effect of reducing the amount of well into the future.
The burning of pulverised coal  mixing required between the fuel jet and
its ox- in nozzle-type burners is presently the preferred   idising
surroundings to produce a combustible mix- method of combustion in furnaces
and boiler in-  35  ture. stallations. It is predicted that this preference
will  If incorrectly designed or adjusted, a pre-mixed continue for all but
the lowest grades of coal, for  burner can allow "flash-back", a condition
in which which grades fluidised beds, oil/coal slurries or   the flame
travels upstream from the burner nozzle. some form of pre-treatment may be
preferred.        In several cases where normal safety procedures
Gasification of the coal is a recognised form of  40   have failed or been
ignored, this can lead to an pre-treatment. The viability of using lower
grade   explosion. coals, via a gasification process, as an energy
Another means of producing a stable flame at source for power generation
and heating could be    increased fuel flow rates is by pulsating the flow
of increased if an inherently stable gas burner, which  fluid or by
acoustically exciting the nozzle jet to is tolerant of wide variations in
the quality of the   45  increase mixing rates. Excitation may be by means
gas supplied to it, could be developed.             of one or more pistons,
by a shutter, by one or One usual constraint in the design and opera-
more rotating slotted discs or by means of a loud tion of prior combustion
nozzles for gaseous fuels  speaker or vibrating vane or diaphragm
positioned is that the mass flow rate of the fuel through a    upstream at,
or downstream from, the jet exit. nozzle of given size is restricted by the
rate at  50   When a loud speaker is used, the phase and which the nozzle
jet velocity decays through mixing  frequency of the sound may be set by a
feed-back to that of the flame propagation velocity in the    circuit from
a sensor placed at the jet exit. Under mixture. For a flame to exist this
condition must   certain conditions, the jet can be expanded and occur at a
mixture strength within the combustible  mixed very rapidly through the
action of intense range for the particular fuel and oxidant. If the flow
55  vortices at the jet exit. It is also possible to cause rate through the
nozzle is high, such that the con-  the jet to excite itself acoustically,
without requiring dition occurs far from the exit plane of the nozzle  any
electronic circuits or the like, by causing natu- where the intensity and
scale of the turbulent ve-  rally occurring flow fluctuations to excite a
cavity to 2    
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Some advantage has been        second fluid to the exterior of the chamber.
claimed for a cavity at the nozzle exit at specific jet  The invention
further provides a method of flow velocities. By positioning the resonant
cavity  mixing first and second fluids, comprising: admit- between an inlet
and an outlet section within the jet  ting the first fluid into a chamber
as a flow which nozzle, enhanced mixing occurs over a wider range   5
separates from the chamber wall structure; and of jet flow velocities. This
is the principle of the so-  allowing the separated flow to reattach itself
asym- called "whistle" burner which has been described   metrically to the
chamber wall structure upstream in the specification of Australian patent
application  of an outlet of the chamber disposed generally no. 88999/82.
opposite the admitted flow, and to exit the chamber One severe limitation
of the whistle burner is  10  through the outlet asymmetrically; whereby a
re- that enhancement only occurs at the high end of    verse flow of the
first fluid at said reattachment the operating range of the burner as the
excitation  swirls in the chamber between said flow separation requires a
high exit speed of the fuel jet from the  and said reattachment and thereby
induces preces- nozzle. The driving pressure required to achieve   sion of
said separated/reattached  flow, which this high exit speed is larger than
that normally  15  precession enhances mixing of this flow with the
available in industrial gas supplies.              second fluid to the
exterior of the chamber. A further disadvantage of the whistle burner is
In each case a flow of said second fluid in- the high level of noise
produced at a discrete     duced from the exterior of the chamber through
frequency.                                         said outlet may also
swirl with said reverse flow of 20  the second fluid between said flow
separation and SUMMARY OF THE INVENTION                           said
reattachment. The invention still further provides a combus- An object of
the invention in one or more of its  tion nozzle comprising a fluid mixing
device ac- aspects is to provide a fluid mixing device which  cording to
the invention. The first fluid may be a may be utilized as a combustion
nozzle to at least  25  gaseous fuel and the second fluid air or oxygen in
part alleviate the aforementioned disadvantages  about the nozzle. In a
combustor or in the mixing of combustion nozzles currently in use.
of dissimilar fluids, the roles of the two fluids may A particular object
for a preferred embodiment  be interchanged if such interchange is advanta-
of the invention is to provide enhanced mixing     geous. between a fluid
jet and its surroundings, of mag-  30  The device is preferably
substantially axially nitude similar to that achieved with a "whistle"
symmetrical, although non-asymmetrical embodi- burner but at much lower
fuel jet exit speeds, at  ments are possible. When the device is axi-sym-
much lower driving pressures and without generat-  metric, the asymmetry of
the reattachment of the ing high intensity noise at a discrete frequency.
primary jet inside the chamber results from the The invention accordingly
provides a fluid mix-  35   minor azimuthal variations, which occur
naturally, in ing device comprising: wall structure defining a   the rate
of entrainment of surrounding fluid from chamber having a fluid inlet and a
fluid outlet    within the confined space of the chamber. This disposed
generally opposite the inlet; and said    situation is inherently unstable
so that the rate of chamber being larger in cross-section than said
deflection of the primary jet increases progres- inlet at least for a
portion of the space between   40  sively until it attaches to the inside
wall of the said inlet and outlet, said chamber, inlet and outlet  chamber.
being arranged along a centre axis of the device;      The outlet is
advantageously larger than the characterised in that flow separation means
is pro-  inlet, or at least larger than the chamber cross- vided to cause a
flow of a first fluid wholly occupy-  section at the said separation of the
flow. This ing said inlet to separate from said wall structure  45
ensures, at least with liquids, a sufficient cross- upstream of the outlet;
and in that the distance   section to contain both the asymmetrically
exiting between said flow separation means and said outlet  precessing flow
and the induced flow. The outlet is sufficiently long in relation to the
transverse  may be simply an open end of a chamber or dimensions of the
chamber therebetween for the     chamber portion of uniform cross-section
but it is separated flow to reattach itself asymmetrically to  so
preferable that there may be at least some periph- the chamber wall
structure upstream of the outlet  eral restriction at the outlet to induce
or augment a and to exit the chamber through the outlet asym-   transverse
component of velocity in the reattached metrically with respect to the
centre axis whereby a  precessing flow. The fluid inlet is most preferably
a reverse flow of said first fluid at said reattachment  contiguous single
opening which does not divide swirls in the chamber between said flow
separation   65  up the first fluid as it enters the chamber. and said
reattachment and thereby induces preces-      The term  "precession" as
being employed sion of said separated/reattached  flow, which     herein
refers simply to the revolving of the ob- precession enhances mixing of the
flow with said   liquely directed asymmetric flow about the axis 3    
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and outlet. It does not necessarily  said inlet and outlet, this ratio is
that of the cham- indicate or imply any swirling within the flow itself
ber length to its diameter. as the flow revolves, though this may of course
occur.                                             BRIEF DESCRIPTION OF THE
DRAWINGS The first and second aspects of the invention   5 are embraced by
this broad invention but in those     Figures 1 (a-h) illustrate a
selection of alternative cases the precession of the flow is caused by the
embodiments of mixing nozzle constructed in geometry of the device itself.
accordance with the present invention, suitable When a mixing nozzle
according to the first       for mixing a flow with the fluid surrounds of
the aspect of the invention is embodied as a burner jet  10  nozzle; for
the combustion of gaseous fuel, the mixing, and   Figures 2 (a-e)
illustrate a selection of applica- hence the flame stability, are enhanced
over the     tions of mixing nozzle according to the inven- whole range of
operation from a pilot flame through   tion, where the mixing of two flows
is required; to many times the driving pressure required to        Figure 3
depicts the measured total pressure produce sonic flow through the smallest
aperture  15    (static pressure plus dynamic pressure) on the within the
burner.                                   jet centreline at a location two
exit diameters Thus, for normal operation a jet nozzle em-       downstream
from the nozzle exit, for a particular bodying the invention can produce a
flame of im-      nozzle, as a function of the length of the cham- proved
stability at operating pressures and flows     ber. Note that a low value
of total pressure typical of prior combustion nozzles. For special  20
indicates a low flow velocity; applications requiring very high intensity
combus-     Figure 4 depicts the measured ratio of stand-off tion it also
produces a stable flame up to and        distance of the flame to exit
diameter as a beyond the pressures required to cause sonic         function
of Reynolds Number [Figure 4(A)] and ("choked") flow within the nozzle.
as a function of the average velocity through the It is important to note
that the above superior  25  exit plane [Figure 4(B)], for a standard,
unswir- level of stability is achieved without the need to   led burner
nozzle compared with that for a bur- pre-mix the fuel and oxidant. However,
if a limited   ner nozzle according to the invention; amount of pre-mixing
is employed the enhanced         Figure 5 depicts, for two different
nozzles ac- mixing between the pre-mixed jet and its surround-    cording
to the present invention and for the prior ings again improves the flame
stability.      30      "whistling" nozzle, the geometric ratios required
The jet mixing nozzle embodying the invention     to achieve stable
combustion nozzles; may be combined with other combustion devices
Figure 6 is a purely schematic sectional flow such as swirling of the
secondary air, an inlet quarl  diagram  depicting a perspective view of the
and, for some applications, a "combustion tile"       instantaneous pattern
of the three-dimensional forming a chamber and contraction to produce a
35   dynamically  precessing  and  swirling  flow high momentum flame.
thought to exist in and around an inventive noz- Because the jet mixing
nozzle can be operated     zle once enhanced mixing has become estab- at
low jet velocities and is not dependent on the     lished; acoustic
properties of the flow through it, it can be applied to the combustion of
pulverised solid fuels,  40   DETAILED DESCRIPTION OF THE ILLUSTRATED
atomised liquid fuels or fuel slurries.            EMBODIMENTS In some
applications and embodiments the en- hancement of the mixing may exhibit
occasional        In the embodiments of the present invention
intermittency, especially in very small nozzles.   illustrated in Figures
1(a-e), the nozzle comprises a Such intermittency may be eliminated by the
45  conduit (5) containing a chamber (6). The chamber placement of a small
bluff body or hollow cylinder  (6) is defined by the inner cylindrical face
of the within the chamber or just outside the chamber     conduit (5), by
orthogonal end walls defining an outlet. Alternatively the flow entering
the chamber  inlet plane (2), and an exit plane (3). Inlet plane (2) may be
induced to swirl slightly by pre-swirl vanes,  contains an inlet orifice
(1) of diameter [err] the or by other means, to reduce or eliminate the
50  periphery of which thereby serves as means to intermittency as
required.                         separate a flow through the inlet orifice
(1) from the The ratio of the distance between the flow      walls of the
chamber. Exit plane (3) essentially separation means and the outlet to
diameter of the  comprises a narrow rim or lip (3a) defining an chamber at
the reattachment locus is preferably    outlet orifice (4) of diameter d2
somewhat greater greater than 1.8, more preferably greater than or  55
than [err]. Rim or lip (3a) may be tapered as shown equal to 2.0, and most
preferably about 2.7. Where  at its inner margin, as may be the periphery
of the the chamber is a cylinder of uniform cross-section  inlet orifice
(1). Fluid is delivered to orifice (1) via a extending between orthogonal
end walls containing  supply pipe (o) of diameter [err]. 4    



7                 EP 0 287 392 B1                    8 All four embodiments
illustrated in Figures 1   of divergence must be sufficient to cause full
sepa- (a-e) consist of a substantially tubular chamber of  ration of flow
admitted through and fully occupying length I and diameter D (wherein
diameter D is     the inlet orifice (1) for precession of the jet to
greater than the inlet flow section diameter [err]). The  occur. chamber
need not be of constant diameter along   5     Figures 2 (a-e) illustrate
typical geometries for its length in the direction of the flow. Preferably,
a  the mixing of two fluid streams, one inner and the discontinuity or
other relatively rapid change of  other outer designated by FLOW  1 or FLOW
2 cross-section occurs at the inlet plane (2) such that  respectively.
Either FLOW 1 or FLOW 2 may re- the inlet throat diameter is [err]. The
relationship  present e.g. a fuel, and either or both FLOW  1 between the
diameter of the upstream conduit [err]  10  and/or FLOW 2 may contain
particulate material or and the inlet diameter [err] is arbitrary but [err]
.  droplets. In the case of Figure 2(a), FLOW 2 is Typical ratios of
dimensions I to D lie in the  introduced in such a manner as to induce a
swirl, range 2.0 [err] [err]/D [err] 5.0.                              the
direction of which is preferably, but not nec- A ratio of [err]2.7 has been
found to give       essarily, opposed to that of the jet precession. The
particularly good enhancement of the mixing.  15  relationship between
diameters D and d may take Typical ratios of dimensions [err] to D lie in
the  any physically possible value consistent with the range 0.15 [err]/D
[err] 0.3.                            achievement of the required mixture
ratio between Typical ratios of dimensions d2 to D lie in the  the streams.
The expansion (8) is a quarl the shape range 0.75 [err]/D [err] 0.95.
and angle of which may be chosen appropriately These ratios are typical for
the embodiments  20  for each application. illustrated in Figure 1 (a-e)
but are not exclusive and  Figure 2(b) depicts a variation of figure 2(a)
in are not necessarily those applicable for all embodi-  which a chamber
(10) has been formed by the ments. The relationship of the geometric ratios
of  addition of a combustion tile (9) through which the the present
invention, as given above, to those of  burning mixture of fuel and oxidant
is contracted prior art nozzles is illustrated in Figure 5. It should  25
from the quarl diameter [err] to form a burning jet be noted that the range
of geometric ratios for    from an exit (11) of diameter dE or from an exit
slot which mixing enhancement is consistently stable is  (11) of height dE
and whatever width may be con- increased substantially by means of the
embodi-    venient. In this configuration, by suitable choice of ment
illustrated in Figure 1(e).                   the shape and expansion angle
of the quarl (8) In Figure 1(e) is indicated a body (7) suitably  30
relative to the swirl of FLOW 1 and the precession suspended in the flow
for the aforementioned pur-  rate of FLOW 2, a vortex burst may be caused
to pose of preventing intermittency, i.e. reversals of  produce fine-scale
mixing between the fluids for- the direction of precession. The body may be
solid  ming FLOW  1 and FLOW  2, in addition to the or it may be hollow. It
may also be vented from its  large-scale mixing which is generated by the
inside surface to its outside surface. Body (7) may   35  precession of the
jet. have any upstream and downstream shape found           A nozzle
according to the present invention is to be convenient and effective for a
given applica-  preferably constructed of metal. Other materials tion. For
instance, it may be bullet shaped or     can be used, either being moulded,
cast or fab- spherical. It may further provide the injection point
ricated, and the nozzle could be made, for exam- for liquid or particulate
fuels. The length of the   40  pie, of a suitable ceramic material. Where a
com- body ([err] - [err]) is arbitrary but is usually less than  bustion
tile is employed, both the tile and the quarl half the length I of the
cavity and is typically less  should ideally be made of a ceramic or other
heat than approximately D/4. It is typically placed within  resisting
material. For non-combustion applications the cavity as illustrated in
Figure 1(e), in which  in which temperatures are relatively low, plastic,
case both [err]  and [err]; it may also be placed   45  glass or organic
materials such as timber may be spanning the exit plane (3), in which case
[err]   used to construct the nozzle. and [err]; or it may be wholly
outside the exit        The nozzles of the present invention are prefer-
plane (3) of the nozzle, in which case [err] and    ably circular in
cross-section, but may be of other [err]. The outside diameter [err] of the
body is less  shapes such as square, hexagonal, octagonal, ellip- than the
cavity diameter D and the inside diameter  so  tical or the like. If the
cross-section of the cavity [err] may take any value from zero (solid body)
up to  has sharp corners or edges some advantage may a limit which
approaches da. The body is typically  be gained by rounding them. As
described herein- placed symmetrically relative to the conduit but it
before, there may be one or more fluid streams, may be placed
asymmetrically.                      and any fluid stream may carry
particulate matter. The embodiments of Figure 1(f), (g) and (h)  55   The
flow speed through the inlet orifice (1) of differ in that the chamber (6)
diverges gradually  diameter [err] may be subsonic or, if a sufficient from
inlet orifice (1). In this case, the angle of  pressure ratio exists across
the nozzle, may be divergence and/or the rate of increase of the angle
sonic. That is, it may achieve a speed equal to the 5    



9                 EP0287392B1                        10 speed of sound in
the particular fluid forming the  flow (24) to develop a swirl which
amplifies greatly flow through orifice (1). Other than in exceptional  as
the inlet end of the chamber is approached. circumstances in which the
supply pipe (o) is heat-  Flow streamlines in this region are almost wholly
in ed sufficiently to cause the flow to become super-  the azimuthal
direction as indicated by the broken sonic, the maximum speed through
orifice (1) will   5   lines (25) in Figure 6. It is thought that the fluid
be the speed of sound in the fluid. In most com-  then spirals into the
centre of the chamber, being bustion applications the speed is likely to be
sub-  re-entrained into the main flow (20). The pressure sonic. In some
applications, it may be appropriate  field driving the strong swirl within
the chamber to follow the throat section [err] with a profiled sec-
between the points of separation (1) and reattach- tion designed to produce
supersonic flow into the   10   ment (22) applies an equal and opposite
rotational chamber.                                           force on the
main flow (20), tending to make it From a combination of careful
visualisation of  precess about the inside periphery of the chamber. the
flow within and beyond the mixing nozzle ac-   This precession is in the
opposite direction from cording to the invention, (by means of high and low
that of the fluid swirl (25) within the chamber and speed cinematography of
dye traces in water, of  15  produces a rotation of the pressure field
within the smoke patterns in air, of particle motions and of the  chamber.
The steady state condition is thus one of migrations of oil films on the
inner surfaces of the  dynamic instability in which the (streamwise) an-
nozzle), and measurements of mean and fluctuat-    gular momentum
associated with the precession of ing velocities in the system, the
following sequence  the primary jet and its point of reattachment (22)
appears to describe the flow. This detailed descrip-  20  within the
chamber (6), is equal and opposite to tion is not to be construed as
limiting on the scope  that of the swirling motion of the remainder of the
of the invention, as it is a postulate based on    fluid within the
chamber. This is because there is analysis of observed effects. The
sequence is de-  no angular momentum in the inlet flow, and no scribed with
reference to Figure 6.                externally applied tangental force
exerted on the Beginning with unswirled (parallel) flow in the   25  flow
whithin the chamber; thus the total angular upstream inlet pipe (o), the
fluid discharges into the  momentum must be zero at all times. chamber (6)
through inlet orifice (1), where the flow  The main flow, on leaving the
nozzle, is, as separates as a jet (20). The geometry of the nozzle  already
noted directed asymmetrically relative to is selected so that naturally
occurring flow instabil-  the centre line of the nozzle and precesses
rapidly ities will cause the flow (20) (which is gradually  so  around the
exit plane. There is then, on average, a diverging as it entrains fluid
from within the cavity  very marked initial expansion of the flow from the
(21)) to reattach asymmetrically at (22) to part of  nozzle. Note that as
the main flow precesses ar- the inner surface of the chamber (6). The
majority  ound the exit plane, so too does the induced flow of the flow
continues in a generally downstream    (24) from the surroundings as it
enters the cham- direction until it meets the lip or discontinuity (3a)  35
ber. This external fluid is entrained into the main about the outlet
orifice (4) in the exit plane (3) of  flow within the chamber, so
initiating the mixing the nozzle. The lip induces a component of the
process. A consequence of the observations of the flow velocity directed
towards the geometric cen-  previous paragraph concerning angular momentum
treline of the nozzle, causing or assisting the main  is that because the
main flow is precessing as it diverging flow or jet to exit the nozzle
asymmet-  40  leaves the nozzle, the fluid within the jet must be rically
at (23). The static pressure within the cham-  swirling in the direction
opposite to the direction of ber and at the exit plane of the nozzle is
less than  precession in order to balance the angular momen- that in the
surroundings, due to the entrainment by  tum. the primary jet within the
chamber, and this pres-     There is no necessarily preferred direction for
sure difference across the exiting jet augments its  45  the swirl which is
initiated within the chamber. deflection towards and across the geometric
cen-   Once initiated it tends to maintain the same swirl treline. As the
main flow does not occupy the      direction, and the opposing precession
direction, whole of the available area of the outlet orifice of  for
considerable periods. However, on occasion, the nozzle, a flow (24) from
the surroundings is   the directions may, for some reason which is not
induced to enter into the chamber (6), moving in  50  yet understood,
change. When this occurs there is the upstream direction, through that part
of the   a momentary change in the degree of mixing en- outlet orifice not
occupied by the main flow (20). .  hancement. The frequency of such changes
in the That part (26) of the reattaching flow within the  swirl and
precession directions appears to increase chamber which reverses direction
takes a path      as the size of the nozzle decreases. Thus the which is
initially approximately axial along the in-  55  incidence with which the
degree of enhancement side surface of the chamber (6) but which begins to
changes is greater for small nozzles than for large slew  and to be
directed increasingly in the       nozzles. This is the "intermittency"
referred to ear- azimuthal direction. This in turn causes the induced
lier. It can be eliminated by introducing into the 6    
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immediately beyond the outlet from      chamber length of 240mm, equivalent
to [err]/D  = the chamber, some minor obstacle such as the        2.64, the
measured total pressure is approximately body 7 in Figure 1(e), or a solid
body as previously  zero for all flow rates indicating a very low jet
described, or by prescribing a preferred direction  velocity just two
nozzle exit diameters away from of swirl by means of a swirl producing
device in the   5   the nozzle exit. This in turn indicates a very rapid
feed pipe (o) to the nozzle. The resulting preces-  diffusion of the jet
and an enhancement of the sion is then stable and in the direction opposite
mixing with its surroundings. (In more detail, the from that of the swirl.
The total angular momentum   curvature of the mean streamlines in the jet,
asso- at any time must then equal that introduced into    ciated with the
extremely rapid spreading rate, the flow by the swirl producing device in
the feed   10  causes the static pressure on the centre-line close pipe (0)
to the nozzle.                             to the nozzle exit to be
initially below ambient but An indication of the effectiveness of a mixing
to return to ambient within a distance of two nozzle burner nozzle, in
which the exiting flow precesses  diameters from the exit plane. Thus zero
total pres- according to the invention, in improving flame sta-  sure very
close to the nozzle exit plane does not bility may be obtained by examining
Figure 4, in  is  necessarily means that the velocity is zero. Never- which
is plotted the stand-off distance of a natural  theless, it is very
small.). gas flame against the Reynolds Number and               When
operating the nozzle as a burner to mix against the mean nozzle exit
velocity. The stand-off  the fuel and an oxidant which is in a co-flowing
distance is the distance between the nozzle exit    annular stream, which
may be swirling, according plane and the flame front and is a measure of
the   20  to the embodiments of Figures 2(a) and 2(b), or rate at which the
fuel and oxidant are mixed rela-  which may be otherwise directed, it is
advanta- tive to the rate at which they are advected. In      geous to use
a quarl, as illustrated in Figure 2(a), simple terms this means that, for a
given rate of   or a combination of a quarl and a combustion tile, mixing,
the higher the jet exit velocity (which is  as illustrated in Figure 2(b).
Such arrangements proportional to the advection velocity) the further  25
stimulate very fine scale mixing between the reac- the flame will stand off
from the nozzle. Similarly,  tants to supplement the large scale mixing
asso- for a given jet exit velocity, th greater the mixing  ciated with the
precession. By these means stable rate the shorter will be the stand-off
distance. From  flames can be achieved at all mixture ratios from Figure 4
it can be seen that the stand-off distance  very rich to extremely lean.
for the enhanced mixing burner is extremely small  30   All results
obtained to date indicate that the indicating that the rate of mixing is
very high.    same flow phenomenon occurs for all flow rates, A jet of
fluid from  a nozzle into otherwise    thus overcoming the problem of
limited turn down stationary surroundings decreases in velocity as it
ratio which occurred when using the "whistling" moves downstream. As the
fluid in the jet entrains,  nozzle. or mixes with, the surrounding fluid it
must acceler-  35  In summary, the results indicate that a mixing ate it
from rest up to the mixture velocity. To     nozzle according to the
present invention greatly achieve this the jet must sacrifice some of its
enhances the rate of entrainment of the surround- momentum and hence must
decrease in velocity.       ing fluid by the jet exiting the nozzle,
causing very Associated with the decrease in velocity is an in-  rapid
spreading of the jet. Consequently, when crease in the jet cross-section;
that is, the jet  40   used as a burner nozzle, the mixture strength nec-
spreads. Hence the rate of decrease in jet velocity  essary to support a
flame is established much is a measure of the spreading rate, or of the
rate of  closer to the nozzle than would be the case with a mixing of the
jet with its surroundings. Thus, a    comparable flow rate from a standard
burner noz- simple comparison of the mixing rates for different  zle. The
large spreading angles are associated with nozzle configurations may be
obtained by locating   45   a very rapid decrease in the jet velocity which
a velocity sensor on the jet centre-line at a fixed  allows the flame front
to be located very close to geometric position relative to the jet exit
plane.  the nozzle exit where the scale of turbulence fluc- The results of
such an experiment are shown in  tuations is small, giving rise to a very
stable flame. Figure 3 in which the time averaged total pressure  This is
especially important when burning fuels in the jet at a position two nozzle
exit diameters  so   with a low flame speed, such as natural gas, and
downstream from the exit plane is plotted as a      fuels with a low
calorific value. function of the length of the chamber within a          A
combustion/burner nozzle according to the particular enhanced mixing nozzle
according to the  present invention offers the following advantages:
invention for a range of driving pressures, that is,  (i) It is stable over
the full operating range from for a range of flow rates. If the static
pressure is  55  "pilot" flows, with driving pressures of a fraction
constant, the total pressure is proportional to the    of one kilopascal,
through to effectively choked square of the velocity of the jet at the
measuring     flow (that is, e.g., at a driving pressure for natu- point.
It can be seen from Figure 3 that for a         ral gas or LPG of
approximately 150kPa relative 7    



13                EP 0 287 392 B1                    14 to atmosphere; at
180kPa the flow is certainly  frequencies appear when the jet is ignited.
The fully choked). This driving pressure is to be    noise radiated from a
jet emerging from a mixing compared with normal domestic gas pressure of
nozzle according to the invention is less than or approximately 1.2 to 1.4
kPa; industrial mains   comparable with that radiated from a conventional
pressure of approximately 15 to 50kPa; and   5   jet of the same mass flow
rate and is very substan- "special users" pressures ranging from 70 to
tially less than that from a "whistling" nozzle ac- 350kPa approximately.
cording to Patent Application No. 88999/82. (ii) The nozzle can be
"overblown". Tests up to     The resonant cavity of the prior "whistling"
800kPa (gauge pressure) have failed to blow the  nozzle is formed by
positioning two orifice plates in flame off the burner.
10  the nozzle. The enhanced mixing flow patterns (iii) With the quarl and
tile arrangement of Figure  observed in and from said prior whistle burner
are 2(b) and gas supply Pressures of 2.5kPa or       produced as a result
of the cavity between the two greater, it has not been possible to blow the
orifice plates being caused to resonate in one or flame off the nozzle
within the capacity of the air  more of its natural acoustic modes. These
are supply available in the experimental apparatus.  15  excited by strong
toroidal vortices being shed pe- The peak air flow available is equivalent
to    riodically from  the upstream  inlet orifice plate. above 1000
percent more air than is required for  These vortices, through interaction
with the restric- stoichiometric combustion.                      tion at
the exit plane, drive the major radial acous- (iv) The operating noise is
lower than that of the  tic (0,1) mode in the cavity. While not being
suffi- "whistling" nozzle and contains no dominant  20  cient by itself to
cause significant mixing enhance- discrete tones. Relative to a
conventional nozzle  ment, this (0,1) mode may couple into one or more
operating stably at the same mass flow rate, the  of the resonant modes of
the cavity, such as the noise level is at least comparable.
organpipe mode. The resonant mode or resonant (v) The fuel can be simply
ignited at and point  modes in turn drive an intense toroidal vortex, or
over the whole operating range.             25  system  of toroidal
vortices, close to and down- (vi) The flame is not extinguished by creating
a  stream from the nozzle outlet. The ratio of the large disturbance at the
burner exit - for exam-  length of the cavity of the "whistling" nozzle to
its pie, by cross flows or by waving a paddle at the  diameter is less than
2.0 and is critically dependent flame or through the flame.
on the operating jet velocity. A typical ratio is 0.6. (vii) The operation
is tolerant of relatively large   30  The acoustic resonance of the cavity
of the variations (approximately  10% in the dimen-    "whistling" nozzle
is driven by vortices which are sions [err] & [err] for a given [err] and
D). Hence        shed at the Strouhal shedding frequency from the
durability may be anticipated to be good.        upstream orifice. This
frequency must match the Although superficially resembling the "whis-
resonant frequency of one or more of the acoustic tling" nozzle disclosed
in Patent Application No.  35   modes of the cavity for the mixing
enhancement to 88999/82, the described embodiments of the inven-  occur in
the resulting jet. The ability of the Strouhal tion have a very different
detailed geometry and   vortices to excite the resonant modes of the cavity
achieve the mixing enhancement by a completely     depends on their
strength, which in turn depends different physical process. No acoustic
excitation of  on the velocity at their point of formation. Since the the
flow, either forced or naturally occurring, is  40  Strouhal shedding
frequency also is dependent on involved. This fact is demonstrated by
detailed    velocity, there is a minimum flow rate at which the acoustic
spectra and by the following result. For a  resonance will "cut-on". The
pressure drop across given embodiment of mixing nozzle according to     an
orifice plate increases with the square of the the present invention, the
mixing rate achieved    velocity, and hence achievement of the minimum,
when a jet of water emerges from the nozzle into a   45  or "cut-on", flow
rate requires a high driving pres- stationary body of water is
substantially the same  sure. as when a jet of air or gas emerges from the
The present enhanced mixing jet nozzle differs nozzle, at the same Reynolds
number, into station-  from the "whistling" nozzle in that it does not ary
air. If the mixing depended on an acoustic     depend on any disturbance
coupling with any of phenomenon this result could not have been ob-  50
the acoustic modes of a chamber or cavity. Fur- tained as the differences
in the material properties  ther, it does not require the shedding of
strong of water and air cause the Mach numbers in the     vortices into the
chamber from the inlet and the two flows to differ by a factor of
approximately   minimum flow rate at which enhancement occurs is seventy.
not determined by the "cut-on" of any resonance. The spectrum of the noise
produced by an   55 inert jet of gas emerging from a mixing nozzle
according to the invention displays no dominant discrete frequencies, nor
do any dominant discrete 8    
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APPLICATIONS                               this by conventional means
requires very large combustion chambers, complex igniter and pilot A nozzle
according to the present invention is     flame systems and possibly the
addition of expected to be well adapted to use in the following    some
high quality gas at times when the coal combustion applications:
5      gas quality is low. Flame stability can be greatly increased and
combustion space can be greatly Gaseous fuel
reduced with the present invention. (i) Conversion of oil fired furnaces to
natural gas.  Liquid fuel Natural gas has about 1/3 of the calorific value
10 of oil. Accordingly, to maintain the rating of the   (i) The present
nozzle should improve the per- furnace, 3 times the mass flow of gas
relative to   formance of oil fired plant, especially if air-blast oil is
needed. In volume terms the increase is      atomisation is used. around
2000 times. With conventional burners         (ii) If successful with
liquid fuels, the applications this results in very long gas flames which
can   15  would embrace those listed for gaseous fuel but bum out the back
end of the furnace, or can         to these would be added: operate
unstably due to flame front oscillation        - Aircraft gas turbines
(especially if the abil- which can lead to intermittent flame-out or can
ity to light the flame at full fuel flow, found excite one or more system
resonances. Both               with gas, can be repeated with a liquid
results force either a de-rating of the furnace or   20  fuel). a major
rebuild of the firing end of the furnace.      - Automotive fuel injection
system -especial- The shape of the flame from the new burner is
ly the air-blast system as developed and relatively short and bulbous or
ball-like.               patented by the Orbital Engine Co. (ii) Combustion
of low calorific value "waste" gases, as from chemical process plants or
blast  25   Solid (Pulverised) fuels furnaces, or from carbon black or
smokeless fuel manufacture, should be possible.               (i)
Preliminary investigations for pulverised fuel (iii) Correction of unstable
operation of gas fired  have indicated that the chamber within the noz-
boilers in industry or in power stations can be     zle is self-cleaning
and will not clog with fuel. effected. Such instability is very common and
is  30  (ii) The ability of a burner with the present frequently called
"intrinsic" by combustion en-      nozzle to operate at low flow rates, and
the fact gineers. Many of the gas fired boilers in power     that it does
not rely on a recirculating zone at stations suffer from the problem. The
present       the nozzle exit, suggest that successful pul- inventors
suggest that the instability is not whol-  verised fuel firing may be
possible with the new ly intrinsic but is due primarily to poor mixing   35
design. Embodiments such as that shown in which aggravates the effect of a
low flow spread     Figure 1(e) with the pulverised fuel admitted via in
the gas/air mixture.                             the body (7), or in Figure
2(a), with the pul- (iv) Domestic and industrial water heaters. Safe-
verised fuel introduced with Flow 1, show prom- ty is determined by the
possibility that the flame   ise. If successful, the range of applications
of will go out without this being detected due to  40   the burner would
expand to include fired boilers failure of the flame detection system. With
the      of all types from power stations to industrial present invention,
the probability of the flame     boilers, including those in the metals
industry. being unexpectedly extinguished is reduced.         (iii) A
possible side benefit may be that sul- (v) Industrial gas turbine
combustors. Many ap-     phurous coals may be able to be fired by blend-
plications for gas turbines in marine propulsion   45  ing the pulverised
fuel with dolomite. The reason systems, in industrial process plants, or as
a      for this being a possibility is that some control topping cycle for
power generating steam plant,      over combustion temperature should be
avail- are emerging and many installations exist. The      able by
establishing the appropriate relationship development of new generation
coal gasification      between primary air quantity and temperature plants,
for   example   Uhde-Rheinbraun,  so       and the mixing rate with the
secondary air. Sumitomo, Westinghouse, etc., which produce          An
enhanced mixing nozzle according to the relatively low calorific value gas,
will extend ap-  present invention, if it is considered as a simple
plications. Such plants are usually followed by a  nozzle which produces
intense mixing in addition to stage in which the gas is reconstituted to
be-   the combustion  applications discussed  above, come a synthetic
natural gas (SNG). This is an   55  could be adapted to the following
non-combustion expensive process and, if by-passed, leaves the
applications: problem of burning a low calorific value, low       (a)
Ejectors - which are used either to produce a flame speed, variable quality
gas stably. To do     small pressure rise from [err] to [err] (as in a
steam 9    17                 EP0287392B1                        18 



"eductor" - for which there would be many            for the separated flow
to reattach itself asym- applications in the process industry if [err]
metrically (22) to the chamber wall structure could be increased for a
given high pressure         upstream of the outlet (4) and to exit the
cham- steam consumption by the nozzle) or to produce       ber through the
outlet (4) asymmetrically with a reduced pressure [err] (for example, the
labora-   5  respect to the centre axis whereby a reverse tory jet vacuum
pump on a tap) or to induced a       flow of said first fluid at said
reattachment (22) mass flow through the system. One embodiment
swirls in the chamber (6) between said flow of this is the swimming pool
"vacuum cleaner"        separation and said reattachment and thereby but
another more important one is the rocket         induces   precession   of
said  separat- assisted ram-jet in which a small solid, liquid or  10
ed/reattached flow, which precession enhances gaeous fuel rocket produces a
high temperature,      mixing of the flow with said second fluid to the
high pressure jet which entrains the surrounding     exterior of the
chamber. air and so induces a greater mass flow through the system  than
would occur simply through      2. A fluid mixing device according to claim
1 forward flight. Such a system is also self-starting   15  wherein said
wall structure chamber (5), cham- in that the vehicle does not have to
reach some      ber (6), inlet (1), outlet (4) and flow separation minimum
speed before the ram jet effect begins       means (2) are axially
symmetrical. to operate - that is, there is no need for a secondary power
unit.                            3. A fluid mixing device according to
claim 1 or 2 (b) Aircraft jet engine exhaust nozzles. The mo-  20  wherein
said fluid outlet (4) is larger than the mentum flux through the exit plane
of the ex-        chamber cross-section at the separation of the haust
nozzle determines the nozzle thrust. This     flow. is not affected by the
rate of spread of the jet (mixing rate) downstream of the exit plane. By
4. A fluid mixing device according to claim 1, 2 or inducing a high mixing
rate, jet noise can be   25   3 further comprising a peripheral restriction
reduced significantly.                              (3a) at said fluid
outlet (4) to induce or aug- (h) The accuracy and range of shells fired
from      ment a transverse component of velocity in the large guns can be
increased by igniting a small      reattached precessing flow. rocket motor
on the base of the shell. Reliability of ignition is critical in such an
application and   30  5. A fluid mixing device according to any preced-
hence the applicability of the present invention.    ing claim wherein said
fluid inlet (1) is a contig- (j) Basic Oxygen conversion of iron to steel.
The     uous single opening which does not divide up actual immersion of
the oxygen lance (for exam-      the first fluid as it enters the chamber.
pie, if made of ceramic) may be possible rather than having to rely on
penetration of the surface   35  6. A fluid mixing device according to any
preced- of the melt by a very high velocity oxygen jet,     ing claim
further comprising means to reduce thus resulting in a reduced consumption
of oxy-      intermittency in said mixing, said means com- gen.
prising a body (7) disposed within said cham- ber (6) or just outside said
fluid outlet (4). Claims                                           40 7. A
fluid mixing device according to any preced- 1. A fluid mixing device
comprising wall structure     ing claim wherein the chamber has a circular
(5) defining a chamber (6) having a fluid inlet     cross-section and the
ratio of the distance [err] (1) and a fluid outlet (4) disposed generally
between said flow separation means (2) and opposite the inlet and said
chamber (6) being   45  said outlet (4) to the diameter (D) of the cham-
larger in cross-section than said inlet (1) at      ber (6) at the
reattachment locus is greater least for a portion of the space between said
than 1.8. inlet and outlet, said chamber, inlet and outlet being arranged
along a centre axis of the de-   8. A fluid mixing device according to
claim 7, vice;                                      50       wherein said
ratio is about 2.7. characterised in that flow separation means (2) is
provided to cause a flow of a first  9. A fluid mixing device according to
any preced- fluid wholly occupying said inlet (1) to separate   ing claims
wherein said flow separation means from said wall structure upstream of the
outlet     (2) is provided by an inlet quarl (8) divergent (4); and in that
the distance between said flow   55  from said fluid inlet (1) into said
chamber (6). separation means (2) and said outlet (4) is sufficiently long
in relation to the transverse  10. A fluid mixing device according to any
one of dimensions of the chamber (6) therebetween          claims 1 to 9
wherein a flow of said second 10    17                EP 0 287 392 B1
18 



"eductor" - for which there would be many           for the separated flow
to reattach itself asym- applications in the process industry if [err]
metrically (22) to the chamber wall structure could be increased for a
given high pressure        upstream of the outlet (4) and to exit the cham-
steam consumption by the nozzle) or to produce      ber through the outlet
(4) asymmetrically with a reduced pressure [err] (for example, the labora-
5  respect to the centre axis whereby a reverse tory jet vacuum pump on a
tap) or to induced a        flow of said first fluid at said reattachment
(22) mass flow through the system. One embodiment        swirls in the
chamber (6) between said flow of this is the swimming pool "vacuum cleaner"
separation and said reattachment and thereby but another more important one
is the rocket        induces   precession   of  said  separat- assisted
ram-jet in which a small solid, liquid or  10  ed/reattached flow, which
precession enhances gaeous fuel rocket produces a high temperature,
mixing of the flow with said second fluid to the high pressure jet which
entrains the surrounding    exterior of the chamber. air and so induces a
greater mass flow through the system than would occur simply through
2. A fluid mixing device according to claim 1 forward flight. Such a system
is also self-starting   is  wherein said wall structure chamber (5), cham-
in that the vehicle does not have to reach some     ber (6), inlet (1),
outlet (4) and flow separation minimum speed before the ram jet effect
begins      means (2) are axially symmetrical. to operate - that is, there
is no need for a secondary power unit.                            3. A
fluid mixing device according to claim 1 or 2 (b) Aircraft jet engine
exhaust nozzles. The mo-  20  wherein said fluid outlet (4) is larger than
the mentum flux through the exit plane of the ex-       chamber
cross-section at the separation of the haust nozzle determines the nozzle
thrust. This     flow. is not affected by the rate of spread of the jet
(mixing rate) downstream of the exit plane. By   4. A fluid mixing device
according to claim 1, 2 or inducing a high mixing rate, jet noise can be
25  3 further comprising a peripheral restriction reduced significantly.
(3a) at said fluid outlet (4) to induce or aug- (h) The accuracy and range
of shells fired from     ment a transverse component of velocity in the
large guns can be increased by igniting a small     reattached precessing
flow. rocket motor on the base of the shell. Reliability of ignition is
critical in such an application and   30  5. A fluid mixing device
according to any preced- hence the applicability of the present invention.
ing claim wherein said fluid inlet (1) is a contig- (j) Basic Oxygen
conversion of iron to steel. The    uous single opening which does not
divide up actual immersion of the oxygen lance (for exam-     the first
fluid as it enters the chamber. ple, if made of ceramic) may be possible
rather than having to rely on penetration of the surface  35  6. A fluid
mixing device according to any preced- of the melt by a very high velocity
oxygen jet,     ing claim further comprising means to reduce thus resulting
in a reduced consumption of oxy-     intermittency in said mixing, said
means com- gen.                                                prising a
body (7) disposed within said cham- ber (6) or just outside said fluid
outlet (4). Claims                                        40 7. A fluid
mixing device according to any preced- 1. A fluid mixing device comprising
wall structure     ing claim wherein the chamber has a circular (5)
defining a chamber (6) having a fluid inlet    cross-section and the ratio
of the distance [err] (1) and a fluid outlet (4) disposed generally
between said flow separation means (2) and opposite the inlet and said
chamber (6) being   45  said outlet (4) to the diameter (D) of the cham-
larger in cross-section than said inlet (1) at     ber (6) at the
reattachment locus is greater least for a portion of the space between said
than 1.8. inlet and outlet, said chamber, inlet and outlet being arranged
along a centre axis of the de-   8.  A fluid mixing device according to
claim 7, vice;                                      50      wherein said
ratio is about 2.7. characterised in that flow separation means (2) is
provided to cause a flow of a first  9. A fluid mixing device according to
any preced- fluid wholly occupying said inlet (1) to separate  ing claims
wherein said flow separation means from said wall structure upstream of the
outlet    (2) is provided by an inlet quarl (8) divergent (4); and in that
the distance between said flow  55  from said fluid inlet (1) into said
chamber (6). separation means (2) and said outlet (4) is sufficiently long
in relation to the transverse  10. A fluid mixing device according to any
one of dimensions of the chamber (6) therebetween         claims 1 to 9
wherein a flow of said second 10    19                EP0287392B1
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fluid induced from the exterior of the chamber     sind; (6) through said
outlet (4) also swirls in the     dadurch gekennzeichnet, daB chamber (6)
between said flow separation and       ein Stromungsabldsemittel (2)
vorgesehen ist, said reattachment.                                 um zu
bewirken, daB eine den EinlaB (1) vollig 5       ausfUllende Stromung eines
ersten Fluids sich 11. Combustion apparatus having a combustion
von der Wandanordnung stromaufwarts des nozzle which comprises a fluid
mixing device       Auslasses (4) abldst; und daB die Entfernung according
to any preceding claim.                  zwischen dem Strbmungsabidsemittel
(2) und dem AuslaB (4) relativ zu den Querabmessun- 12. A combustion
apparatus according to claim 11   10  gen der Kammer (6) dazwischen
ausreichend further comprising combustion tile means con-      lang ist, so
daB sich die abgeloste Stromung tacting said chamber to said fluid outlet.
stromaufwarts von dem AuslaB (4) assymme- trisch (22) an die
Kammerwandanordnung wie- 13. A method of mixing first and second fluids,
deranlegt und aus der Kammer durch den Aus- comprising: admitting the first
fluid into a   15  laB (4) relativ zur Mittelachse assymmetrisch chamber as
a flow which separates from the         austritt, wodurch eine
Gegenstromung des er- chamber wall structure; and allowing the sepa-
sten Fluids bei dem Wiederanliegen (22) in der rated flow to reattach
itself asymmetrically to    Kammer (6) zwischen der Str6mungsablosung the
chamber wall structure upstream  of an         und dem Wiederanliegen
wirbelt und dadurch outlet of the chamber disposed generally op-  20   eine
Prazession     der      abgelo- posite the admitted flow, and to exit the
cham-    stenlwiederanliegenden  Strdmung  induziert, ber through the
outlet asymmetrically; whereby     welche Prazession das Mischen der
Str6mung a reverse flow of the first fluid at said reattach-  mit dem
zweiten Fluid zu dem KammerauBe- ment swirls in the chamber between said
flow       ren verstarkt. separation and said reattachment and thereby   25
induces   precession   of  said  separat-      2. Fluidmischvorrichtung
nach Anspruch 1, bei ed/reattached flow, which precession enhances
welcher die Wandanordnungskammer (5), die mixing of this flow with the
second fluid to the   Kammer (6), der EiniaB (1), der AuslaB (4) und
exterior of the chamber.                           das
Stromungsabldsemittel (2) axialsymme- 30      trisch sind. 14. A method
according to claim 13 wherein said flow is divergent as it exits the
chamber       3. Fluidmischvorrichtung nach Anspruch 1 oder 2, through the
outlet.                                bei welcher der FluidauslaB (4)
grdBer ist als der Kammerquerschnitt bei der Abl6sung der 15. A method
according to claim 13 or 14 further  3s   Strdmung. comprising obstructing
said flow at the outlet to induce or augment a transverse component     4.
Fluidmischvorrichtung nach Anspruch 1, 2 oder of velocity in the reattached
precessing flow.     3, weiterhin umfassend eine periphere Be- schrankung
(3a) bei dem FluidauslaB (4), um 16. A method according to claim 13, 14 or
15   40      eine Querkomponente der Geschwindigkeit der wherein a flow of
the second fluid is induced      wiederanliegenden, prazedierenden Stromung
from the exterior of the chamber through said      zu induzieren oder zu
vergr6Bem. outlet to swirl with said reverse flow of the first fluid in the
chamber between said flow separa-  S. Fluidmischvorrichtung nach einem der
vorher- tion and said reattachment.                45      gehenden
AnsprOche, bei welcher der Fluid- einlaB (1) eine zusammenhangende,
einzelne PatentansprUche                                        6ffnung
ist, welche das erste Fluid nicht auf- teilt, wenn es in die Kammer
eintritt. 1. Fluidmischvorrichtung, umfassend eine Wan- danordnung (5),
welche eine Kammer (6) mit  50  6. Fluidmischvorrichtung nach einem der
vorher- einem FluideinlaB3 (1) und einem aligemein ge-     gehenden
AnsprUche, weiterhin umfasend ein gen~ber dem ElnlaB angeordneten
FluidauslaB        Mittel zum  Reduzieren der Intermittenz bei (4)
festlegt, wobei die Kammer (6) wenigstens      dem  Mischen, welches Mittel
einen in der in einem Abschnitt des Raums zwischen dem          Kammer (6)
oder direkt auBerhalb des Fluid- EinlaB und dem AuslaB einen groBeren Quer-
55     auslasses (4) angeordneten Korper (7) umfaBt. schnitt aufweist als
der EinlaB (1) und wobei der EinlaB und der AuslaB der Kammer entlang    7.
Fluidmischvorrichtung nach einem der vorher- einer Mittelachse der
Vorrichtung angeordnet       gehenden Ansprlche, bei welcher die Kammer
21                EP0287392B1                        22
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das Verhaltnis der Entfernung (I) zwischen         umfassend Behindem der
Str6mung an dem dem Str6mungsablosemittel (2) und dem Aus-        AuslaB,
um  eine transversale Geschwindig- laB (4) zu dom Durchmesser (D) der
Kammer          keitskomponente der wiederanliegenden, pra- (6) an der
Wiederanliegestelle groBer ist als   5  zedierenden Stromung zu induzieren
oder zu '-    1,8.
vergr8Bern. . Fluidmischvorrichtung nach Anspruch 7, bei       16.
Verfahren nach Anspruch 13, 14 oder 15, bei welcher das Verhaltnis ungefahr
2,7 ist.          welchem eine Stromung des zweiten Fluids tO      von
auBerhalb der Kammer durch den AuslaiB 9. Fluidmischvorrichtung nach einem
der vorher-       induziert wird, um mit der Gegenstromung des gehenden
AnsprUche, bel woicher das Stro-         ersten Fluids in der Kammer
zwischen der mungsabl8semittel (2) durch einen EinlaBbren-
Stromungsablosung und dem Wiederanliegen nerstein (8) vorgesehen ist,
welcher sich von     zu wirbein. dem FluideinlaB (1) in die Kammer (6)
aufwei-  75 tot.                                           Revendlcatlons
10. Fluidmischvorrichtung nach einem der AnsprU-   1. Dispositif de melange
de fluides comportant che 1 bis 9, bei welcher auch eine induzierte
une structure de paroi (5) ddlimitant une cham- Str6mung des zweiten Fluids
von auBerhalb  20     bre (6) possddant une admission de fluide (1) der
Kammer (6) durch den AusbaB (4) in der        et une sortie de fluide (4)
disposoe g9ndrale- Kammer (6) zwischen der Stromungsablosung         ment
on vis-a-vis de l'admission at ladite und dem Wiederanliegen wirbelt.
chambre (6) 8tant de surface de section sup8- rieure a ladite admission (1)
au moins pour 11. Verbrennungsoinrichtung mit einer Verbren-  25    une
partie de l'espace entre ladite admission nungsdUse, welche eine
Fluidmischvorrichtung      et laditb sortie, ladite chambre, ladito admis-
nach einem der vorhergehenden Ansprache           sion et ladite sortie
6tant disposees le long umfa~t.
d'un axe central du dispositif; caract~ris8 en ce quo des moyens de d8- 12.
Verbrennungsoinrichtung nach Anspruch 11,  3o     collement d'ecoulement
(2) sont prdvus pour weiterhin umfassend ein Verbrennungskachel-
amener un ecoulement d'un premier fluide oc- mittbl, welches die Kammer mit
dem Fluidaus-       cupant entibrement ladite admission (1) & so laB
verbindet.                                    decoller de ladite structure
de paroi en amont de la sortie (4) ; et on ce que la distance entre 13.
Verfahren zum Vermischen erster und zweiter  35   lesdits moyens de
decollement d'ecoulement Fluide, umfassend:
(2) et ladite sortie (4) est suffisamment longue Einlassen des ersten
Fluids in eine Kammer        par rapport aux dimensions transversales de la
als eine Strdmung, welche sich von der Kam-        chambre (6) entre eux
pour quo 1'8coulement merwandanordnung ablost; und Ermoglichen,
ddcoll8 se recolle de lui-mdme asym~trique- -M     daB die abgelostb
Stromung stromaufwarts ei-  40   ment (22) A la structure de paroi de la
cham- nes im allgemeinen gogenUber der eingelasse-       bre en amont de la
sortie (4) et quitte la nen Stromung angeordneten Auslasses sich
chambre par l'intermddiaire de la sortie (4) assymmetrisch an die
Kammorwandanordnung          asym6triquement par rapport & l'axe central,
wiederanlegt und aus der Kammer durch den          un ecoulement inverse
dudit premier fluide au- AuslaB assymmetrisch austritt; wodurch eine   46
dit recollement (22) tourbillonnant dans la Gegenstr6mung des ersten Fluids
bei dem           chambre (6) entre ledit decollement de 1'8cou-
Wiederanliegen in der Kammer zwischen der         lement et ledit
recollement, et ainsi provoquant Stromungsabl6sung und dem Wiederanliegen
une  prdcession  de  1'6coulement  d~col- wirbelt und dadurch eine
PrIzession der abge-     1l/recolle, precession qui accrolt un m8lange
Iosten/wiederanliegenden Stromung induziert,  5o  de I1dcoulement avec
ledit second fluide A welche Prazession das Mischen der Stromung
l'extdrieur de la chambre. mit dem zweoitn Fluid zu dem KammerauBe- ren
verstarkt.                                 2. Dispositif de m8lange de
fluides selon la re- vendication 1, dans lequel ladito structure de 14.
Verfahren nach Anspruch 13, bei welchem sich   5s  paroi de chambre (5), la
chambre (6), I'admis- die Strdmung aufweitt, wenn sie aus der          sion
(1). la sortie (4) et les moyens de decolle- Kammer durch den AuslaB
austritt.                 ment d'ecoulement (2) sont axialement sym8-
triques. 12    23                EP 0 287 392 BI                   24    I
11111Hu 1111  I 3. Dispositif de m6lange de fluides solon la re-  11.
Dispositif de combustion possddant une buse vendication 1 ou 2, dans lequel
ladite sortie de  de combustion qui comporte un dispositif de fluide (4)
est plus grande quo la surface de      m6lange de fluides solon I'une
quelconque des 



section de la chambre I I'endroit du ddcolle-     revendications
prdcedentes. ment de I'6coulement.                     5 12. Dispositif de
combustion selon la revendication 4. Dispositif de m~lange de fluides solon
la re-      11, comportant en outre des moyens de res- vendication 1, 2 ou
3, comportant en outre un     triction de combustion en aval de ladite
cham- 6tranglement pdripherique (3a) I ladite sortie    bro I ladite sortie
de fluide. de fluide (4) pour provoquer ou accrottre une  1O composante
transversale de vitbsse dans       13. Procdd6 de m6lange d'un premier et
d'un se- I'ecoulement ddcrivant une precession recolle.    cond fluides,
comportant les 6tapes consistant a: admettre le premier fluide dans une
cham- 5. Dispositif de melange de fluides solon l'une       bre sous la
forme d'un 6coulement qui so quelconque des revendications prec~dentes,  15
decolle de la structure de paroi de la chambre; dans lequel ladite
admission de fluide (1) est    et permettre a l'ecoulement d6coII4 de
recoller une unique ouverture adjacente qui no divise      de lui-meme
asym~triquement & la structure pas le premier fluide lorsqu'il penetre dans
la   de paroi de chambre en amont d'une sortie de chambre.
Ia chambre disposde gendralement en vis-a-vis 20      de l'ecoulement admis
; et a quitter la cham- -   6. Dispositif de melange de fluides solon l'une
bro par l'intermediaire de la sortie asym6tri- quelconque des
revendications pr~cddentes,        quement ; de telle sorte qu'un
6coulement comportant on outre des moyens pour rdduire      inverse du
premier fluide audit recollement une intermittence dans ledit mdlange,
lesdits    tourbillonne dans la chambre entre ledit ddcol- moyens
comportant un corps (7) dispos6 &   25     loment et ledit recollement de
fluide et ainsi l'int6riour de ladite chambre (6) ou juste &      provoque
une procession dudit dcoulement dd- I'exterieur de ladite sortie de fluide
(4).       colld/recollM, prdcession qui accrolt un m~lan- go de cot
dcoulement avec le second fluide & 7. Dispositif de mdlange de fluides
solon l'une      l'exterieur de la chambre. quelconque des revendications
prec6dentes,  so dans loquel la chambre possbde une section    14. Proc~d6
selon la revendication 13, dans lequel transversale circulaire et le
rapport de la dis-  ledit ecoulement est divergent lorsqu'il quitte la
tance (I) entre lesdits moyens de decollement     chambre par
l'interm~diaire de la sortie. d'6coulement (2) et ladite sortie (4) au
diamb- tre (D) de la chambre (6) au point de recolle-  35  15. Procede
solon la revendication 13 ou 14, com- ment est superieur a 1,8.
portant en outre l'6tranglement dudit 6coule- ment a la sortie pour
provoquer ou accroltre 8. Dispositif de m6lange de fluides solon la re-
une composante transversale de vitesse dans vendication 7, dans loquel
ledit rapport est      l'coulement recoll4 decrivant une procession.
d'environ 2,7.                            40 16. Procede selon la
revendication 13, 14 ou 15, 9. Dispositif de mdlange de fluides solon l'une
dans loquel un 6coulement du second fluide quelconque des revendications
prdcddentes,        est provoque depuis l'extdrieur de la chambre dans
lequel lesdits moyens de d~collement         par l'interm6diaire de ladite
sortie pour tourbil- d'4coulement (2) sont constitues par un Mlar-  45
lonner avec ledit ecoulement inverse du pre- gissement d'entr6e (8)
divergent depuis ladite    mier fluide dans la chambre entre ledit d6colle-
admission de fluide (1) dans ladite chambre       ment et ledit recollement
de l'coulement. (6). 10. Dispositif de m~lange de fluides selon l'une   50
quelconque des revendications 1 a 9, dans lequel un ecoulement dudit second
fluide pro- voqu4 depuis l'exterieur de la chambre (6) par l'interm~diaire
de ladite sortie (4) tourbillonne dgalement dans la chambre (6) entre ledit
d6-  55 collement de l'ecoulement et ledit recollement. 13    


