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APPAE&AT“ S FOR & y:”Av\ATI“*I‘ FLOWING MIEDIA
OF BESPRCTIVELY DIFFEREMT MASS INERTIA

Karl Ru @"f Ss‘vnﬂa and Korl-Heinz Ochirich, both of
Erim any, assignors te Siemens-Schucikert-
vrark snzkx‘auf* Berlin - Blemensstadi, Ger-
IEEDY, & m: *a& om of (‘“"m'vt:v

E ug. 13, 1“61, Ser, Neo. 132,385
Clatms p:isrﬁi"' appileation Germany, m&g, 25, 1950,

8 76,072
& Clatms, (ClL 35-281)

Qur inventicn relates to apparatus that are predicated
upon the preducticn of relative forces, aLtIChI‘IuY Corio-
lis forees, in a flow of media of respsctively different mass

inertia, particularly for the purpose of separating dust
from gas, but also for other purposes such as mixing pul-

verulent substances with gaseous subsiances.
particular aspect, our invention relate
upon the finid-flow principles et forth

application Serial Me. 835,886 of Oehl

August 25, 1859 and assigned to the assign
invention.

For a further understanding of ¢
mechanics inveived and varicus ways
ke apy plied, 1€LBI°I1C€ mav also be had to
cations Serial Mo

In a more
es to apparatus based
in the copending
rich et al., filed
nee of the present

principles of fluid
in v vhir‘h they may
opending apph-
4,321 of Gv‘uhc“ et 'sl ﬁlea April
25, 1550, .;eual Mo. 862,570 of Cehirich et al., filed
secember 2%, 1959, and Serial No. $8,604 of Qehirich,
filed March 27, 1961, all assigned to the assignee of the
prese ut invention. ference may aiso be had to the
*\plan:tmy Append porﬁon of the specification of
“Dplu.atlcn Serial Mo.

128,431, fited August 1, 1961 of
and Karl-Heinz Oehlrich, eatitled
Method of Precessing, Entraining,
oving Fissionable Material,” and assigned
assignes of the present invention.

“Duclear Reactor

Handling and M

to th
According to these principles and apparatus, a poten-

tial flow is ¢ =d in a fluid medium, and this pmvrm 3
flow is comverted intc a secondary rotational fiow that
circula ! relation to and in the same sense as
the primary flow, the conversion being effecied with the
f a fiow profile which acts as a solid or rough ground
symmelrv axis extends in the flow direciion
a. Such a primary, potential flow may be
r guiding devices which rotate in 2
pendictlar i the flow direction of the media,
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C" it may
S«Cu‘l(‘ ary

be exvxted by an aLxA::ary medinm, particularly
whid

air™ h 15 olo\ into the main flow in

~Le present invention
mul]'x()ﬁ”d excitation of the
quﬂx y a1r ny:gted into the
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as represented by a dust ring.
iselosed in the above-mentioned earlier copending
the desired rotational fow can be excited
g { ‘Le seco’mq 'y oair Vztn Lhe aid of slots, chan-
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hat supg ;Ay thb pu

bs nary f4ow of dusi-laden air or
, are herein

2as after called “secondary-air nozzles.” The
present invention copcerns itseif r*:lrticmany with the

design and o opet ration of the secondary-air nozzles for
exciting the circulating flow that comprises a compenent
potentis ial flow and 2 component rotational fiow, and hﬂs

for its ¢b qut to gre"xilv improve the efiicacy of thes
secondary-air nozzies.

It is, therefore, an odj >ct of the present inventionm to
provide means for producing turbulence in jet sireams

2

L=

ejected from nozzles, and particularly for producing coni-
cal fow patterns with marginal turbulence zones.

it is anothor object of the inveniion to provide an

apparatus for the purposes of handling, combining or

5 separating pulverulent materials in a carrier fluid by in-

jecting a cec:ond-ary fivid flow tangeniial to and having

a component in opposition to a primary flow path, and

ic make the secondary flow effective for these purposes

independent of the angular position of the secondary

inj ction.

it is a forther object of the invention to provide adjust-

e throttiing means for controlling the flow of second-

gases inlrodoced tangentially into a primary gas flow

10

bject of the invention to create turbulence
ous flow by providing a rough surface on
ous flow implnces
'i he inven will be further described with reference
to the emb ~ents of apparatus according to the inven-
tion illustrated by way of example on the accompanying
awi in which:
is a ‘rcmauc illustration of an apparatus for
cm smoke-gas.

: 3 a.ld 4 illustrate schematically and in axial
25 section *h, ce respective secondary-air nozzles provided
with roughness means according fo the invention, and
symb lically indicate the effect of such means.
G, 5 a‘lows partially a side elevaiion of a vessel wall
ectangular, slit-fype nozzle according to the in-

'io

as
1
i

sectionel view of the same nozzle, the view
n along the line VI—VI in FIG. 5.
ie a top view of a slit nozzle having a cross sec-
ticn of trapezcidal shaps; and

FiG. 8 shows an enlarged view of a thorn according
to Fi3. 3 with a bore therethrough.

FIG. 1 illustrates schematically an apparatus for re-

mov '\1 of dust from smoke gas. Dustladen smoke-gas
’IS a imary flow” P into the processing con-

L an mlet duct “@2 A circulating f’ow

2 coqtalnvr through re p»cuve tangential ducts 183
which are downwardly incline The resulting ring-
aaped flow of gas constitutss a rough ground” of the

system, and the dust may be separated out from the
primary flow at the bottom of the vessel as shown (FIG.
iy, ¥ troliing the primary and secondary flow, the
same gen ei'ﬂ or ncxgles may be used not only for dust-
separation, as shown in FIG. 1, but also for mixing, de-

mi¥ing, rombmmg, de-combining and handling of various
v described in the above-mentioned co-
ppl IC‘a«JGi‘lS

es illostrated in FIGS. 2-6 may be inserted,
183 in FIG. 1 for a more effective “sec-

ondary flow.”
The secondary-air nozzles for injection at 183 as here-

tofore proposed are smooth in their interior. As ex-
ined in the above-mentioned copending anp‘:cahm Se-
rial Mo. 835,886, the effect of the secondary-air flow can
be tly augmented if the secondary air possesses a high
circula For that reason, the m;ecuon of

60
ory turbulence.
the secondary air is preferably effected over a sharp edze
or through a t?ting-vn‘e device or by means of a com-
bination of such devices.

A turbulence in the injected secondary air produces
fuctuation pulses transverse to the main flow direction P
of the gas and thereby p*oduc also an energy transmis-
sion perpendicular to this main flow direction. Since the
main travel direction a of t ary-air current, be-
ing injected in an inclined-tangential direction, is opposed
and inclined to the raw-gzas current P, the fluctuation
velocities in the intermediate boundary layer between these

earnh

he secon
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two currents,- ie. il the so-called “boundary zone” or
“mixing zone,” produce additional “virtual shearing ten-
sions” which are approximately proportional to the fluc-
tuations in speed.

- Such a turbulent flow. is of essential significance.to the
effectiveness of the secondary air because the eniire ef-
ficiency of excitation and, in the case of dust separation
the overall degree of the dust separation, are nearly in-
dependent of the angular position of the secondary-air
nozzles if the secondary-air flow is given marginal tur-
bulences, this having been ascertained by comprehensive
tests.

According to our invention, therefore, these phenomena
are taken advantage of by providing the secondary-air
nozzles, for excitation of the potential flow, with turbu-
lence-produclng means, preferably pro uberancea, serra-
tions, teeth or other roaOhness Such a neczzle injects the
secondary air in the form of a conical current into the
main gas flow P which, in the case of dust separation, is
Jaden with the dust to be separated. -The injected sec-
ondary air then exhibits marginal turbulence zones and
form individual jet streams at the conical peripheral sor-
face zone of the flow. In the case of dust separation, the
‘lower, turbulent edge or end portion of such a turbulence
cone suffices at a slight positive pressure of the secondary
current to remove the dust downwardly.

By a particular design of the secondary-air nozzle, sev-
eral such marginal turbulence zones can be produced
simultaneously in one and the same nozzie. Further-
more, the eddies or vortexes that form themselves at the
roughness of the nozzle contribute essentially to stabiliz-
ing the main jet of the secondary air and thus to reduc-
ing the secondary-air energy for a given degree of effec-
‘tiveness or dust separation.

The turbulence-producing means according to the in-
vention may be arranged in nozzles of round and/or
prismatic or rectangular cross section. Rectangular noz-
zles,” when given a slit-type design or with a particular
sub-division, afford a favorable arrangement of the tur-
bulence-producing means while simultaneously maintain-
ing a high injection pressure. Such a rectangular nozzle,
"also called “slit nozzle” may be sub-divided by guide sheets
for parallel guldance of the air. ‘The narrow sides of the
‘slit nozzle may be curved toward each other in order to
obtain a contraction of the jet.

Roughness may be provided at the inner qde of the
nozzle exit portion, on the face impinged by the air being
‘supplied. "The roughness of the surface may be teeth,
serrations, screw threads or grating having raised patterns.
If -the nozzle possesses an adjustably mounted throttle
body whose disp;acpment permits adjusting the quantity
of secondary air and the nozzle pressure, then the up-
‘stream side of this body may be roughened. If a plu-
‘rality of marginal turbulence zones are to be produced
simultaneously with one and the same nozzle, then a thorn
des1gned approximately as a flow-guiding or air-foil body
is- preferably inserted into the nozzle, this thorn being
roughened on its surface. The thorn itself may also be
‘provided with a central bore to act as an addltlonal noz-
zle.

According to another feature of our invention, vane
bodies are arranged within the nozzle at a Iocation ahead
“of the air-outlet opnmng which effect a pre-excitation of
the secondary air flow in such a manner as to 1mpress
a poten’ual flow upon the injected secondary air and plac-
ing the air in the rotary-turbulence nozzle in rotation.
This further improves the desired turbulent action.
"These features will be described below in greater detail,
with reference to FIGS. 2-6. . .~

The nozzle illustrated in FIG. 2 (nozzle 1) comprises
a tubular nozzle member I mounted on a carrier or sup-

port 1g with a threaded stud 1b serving for attachment
of the nozzle to a suitable mounting structure or to the
-vessel 181, Also secured to the carrier %a is a piston 3
in coaxial relation to the tubular siructure 3. The sec-
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ondary air is supplied through a lateral tube 6 in an in-
clined direction with respect to the nozzle tubs 1. The
piston 3 has an inclined front surface 2 provided with
numerous protuberances or groovss to provide for rough-
ness relative to the flow of secondary air.. Similar rough-
ness is provided at 4 on-the inner side walls of the tubu-
lar member 1. - For further increasing the turbulence-
producing action, a.projection 5 with a sharp edge is
located inside the nozzle within the path of the second-
ary air from 6.

The rough front surface 2 of the adjustable throttle
piston 3 and the roughness at 4 on the inner side of the
nozzle outlet effect the formation of a conical jet 7 with
a multitude of turbulence zones at the boundaries thereof.
That is, the particles of the secondary-air current, aside
from flowing in the main (secondary flow) direction in-
dicated in FIGS. 1, 2 and 4 by an arrow g, also rotate
in the plane of illustration, as schematically indicated by
the arrows b (FIG. 2). The particles are subjected to
a braking action at the roughened surfaces of the nozzle
so that-the particle speed becomes reduced at these places,
whereas the speed at the particle side facing the inner core
of the current becomes increased. This results -in sta-
bilization of the secondary-air jet flow stream as to direc-
tion and shape

According to a further feature, ilinstrated in FIG. 2
and also in the embodiment shown in FIG. 3, a poten-
tial flow is -impressed - upon the secondary air by vane
bodies 15. In this manner, the lusﬂlil ng rotational mo-
tion further increases the turbulenc the flow. In all
other respects, the nozzle according to FIG. 3 corresponds
to that of FIG. 2, the same components being designed
by the same reference numerals, respectively.

The nozzle shown in FIG. 3 is provided with an axi-
ally displaceable throttle piston 3 with a rough front
surface 2 impinged upon by the incoming gases from &,
the tubular nozzle member 1 being also provided with
roughness at 4 mear the nozzle outlet. Also provided
is a sharp edge at 5 for increasing the turbulence-pro-
ducing action.

The secondary air m]eCLed through the angular tube
6 passes out of the nozzle in form of a turbulence cone
7, the turbulence being due to the roughness 2 at the
piston 3 and the roughness 4 at the nozzle outlet. In-
serted into the displaceable throttle piston 3 is a thorn 8
which has a roughened outer surface and which forms
in the air flow an internal turbulence cone 9 within the
cone 7. The thorn 8 may be given a bore 8z (FIG. 8)
to make it hollow and to thus produce a third turbulence
cone within cones 7 and 9. The provision of such addi-
tional marginal turbulence zones greatly increases the

degree of separation; particularly with tespect to the

finest fractions or grain sizes of dust.

An angular injection of the secondary air by means
of the angularly mounted tube 6 as in FIGS. 2 and 3.is
preferably provided if the mozzle is to simultaneously
act as a throttle member. However, as shown in FIG.
4, the air can also be injected in the direction of the main
jet a through the nozzle tube I which in the above-

_Gescribed embodiments of FIGS. 2 and 3 is substantially

filied by the piston 3. The thorn 8, according to FIG.
4, can then be fastened in the nozzle tube 1 by spacer

“structures or bridging members such as 21 or 21a.

Turbulence nozzles of greater diameter can be pro-

_vided with an additional tubular insert 28, as further

shown in FiIG. 4. The inner surface of the insert 2@
is roughened in the above-described manner. Fastened
to-a bridge or spacer member 21 ‘extending across the
insert-2¢ are the thorn 8 and another tubular insert 22.
The thorn 8 has a roughened surface, and both the inner
and outer surfaces of the tubular insert 22 are roughened.
In this manner, a further cone 23 is formed in addition
to the turbulence cones 7 and 9.

FIGS. 5 and 6 illustrate a rectangular nozzle (slit
nozzle) in the side of a vessel 1 of diameter D. FIG. 7
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is a modification of the structure of FIG. 5 but with
the sides 17’ inclined instead of parallel. The nozzle
conduit 19 is provided on its longitudinal inner sides
with turbulence-producing means 11 and 12. These
turbulence-producing means 11 and 12 are rough sur-
faces, such as grating patterns, and are spaced from each
other a relatively small distance d, so that, with a high
injection pressure, a great mmltiplicity of turbulence
zones will result because of the numerous variously-
oriented members of each pattern 11, 12. The slit noz-
zle is provided with transverse guide sheets 1§ within
the conduit 19, and the narrow sides 17 at the outlet of
the slit nozzle are bent so as to curve toward each other.

An additional augmentation of the turbulence can
also be obtained by injection of a pulsating or intermit-
tent air current from a blower or other source S (FI1G. 6)
and a valve V rotated by motor M to open periodically.

The invention is applicable to advantage not only for
separation of dust or other fine-granular substances from
gaseous media, but also in other cases where turbulent
fluid flows are to be produced, for example for fuel in-
jection in cyclone-firing systems, and in the corner-type
firing systems of combustion chambers.

it will be obvious to those skilled in the art, upon
a study of this disclosure, that our invention in amend-
able to various other modifications and hence can be
given embodiments other than particularly illustrated
and described herein, without departing from the essen-
tial features of our invention and within the scope of
the claims annexed hereto.

We claim:

1. Apparatus for handling materials entrainable in 2
carrier fluid for the purpose of separating out said ma-
terials from said finid, comprising a vessel having a wall,
means defining an inlet and an outiet for the passage
of fluid through the vessel and defining a primary-flow
axis for the carrier fluid in which said materials are en-
trained, agitating means for imparting to the primary
flow in said vessel a circulatory motion, said agitating
means comprising nozzle means for injecting fluid along
respective helical flow paths into said vessel in a direc.
tion substantially tangential to the primary flow and in-
clined toward the primary flow axis and having a com-
ponent in opposition to said primary flow so that said
agitating means superimpose upon said primary flow in
said vessel a circulatory secondary flow coaxial with
said primary flow and forming in said vessel a vortex
sink and a vortex source spaced from each other along
said primary flow axis; said nozzle means terminating
fiush with the wall of the vessel and being provided with
means defining protuberances for producing turbulence in
the fluid injected into said vesse! from said nozzle means,
and means for collecting the separated materials in the
lower part of the vessel.
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2. In an apparatus according to claim 1, said means
for producing turbulence comprising a rough surface
within said nozzle means and placed along the path of
the fluid passing through said nozzle means.

3. In an apparatus according to claim 1, said nozzle
means baving a prismatic cross section.

4. In an apparatus according to claim 1, said means
for producing turbulence comprising a rough surface
having a serrated cross section and disposed within said
nozzle means along the path of the fluid passing through
said nozzle means.

5. In an apparatus according to claim 1, said nozzle
means being provided with guide means on the inner
surface of the outlet thereof for guiding the fluid injected
into said vessel space in said circulatory secondary flow
coaxial with said primary flow.

6. In an apparatus according to claim 1, said means
for producing turbulence comprising projections having
sharp edges and disposed within said nozzle means.

7. In an apparatus according to claim 1, a throttle
piston adjustably mounted within said nozzle means and
having a front face arranged in the path of and to be
impinged upon by the fiuid passing through said nozzle
means, said front face having a rough surface to form at
least part of said means for producing turbulence in the
fiuid injected into said vessel space from said nozzle means.

8. In an apparatus according to claim 1, said means
for producing turbulence comprising a thorn member
having a rough surface disposed within said nozzle means.

9. In an apparatus according to claim 8, said thorn
member comprising a hollow tubular body.
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