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United States Patent Office 

3,199,270 
APARATUS FOR MAXERG AN SEPARATNG 
SUBSTANCES OF 25 FEERENT RAASS.ENERTIA 

Kar-tieintz (Gerica, Eriages, Gergalaxy, assigner to 
Siemens - Sciackeriwerke AExiiegeselischaft, Berlin 
SieziaeasstadÉ, Gerary, a corporation cf Geraany 

Fied Riar. 27, 2596, Ser. No. 98,594 
Clai:S priority, applicatiosa Geria:y, RAar. 25, 1960, 

S 67,735 
i5 Cairns. (CE. S5-235) 

My invention relates to apparatus for combining and 
Separating Substances according to the principle of utiliz 
ing differences in their mass-inertia with superimposed 
primary, secondary and tertiary flows and, more particu 
larly, to dust-from-gas separating apparatus of this type. 

Methods and devices involving the just-mentioned prin 
ciple are described in the copending applications Serial 
No. 835,886, filed August 25, 1959, and Serial No. 
852,570, filed Cecember 29, 1959, and now abandoined, 
and Serial No. 24,391, filed April 25, 1960, all assigned 
to the assignee of the present invention. According to 
these methods, potential flow current and rotational flow 
currents are excited in the substances to be combined or 
Separated, for example by means of injection nozzles or 
stirrer devices, in Such a manner that both fow currents 
rotate in the same sense and coaxially, each as a rotary 
flow above a solid or rough ground with spatial vortex 
Sources and vortex sinks and thereby produce Coriolis and 
so-called relative forces. A jet fow from a nozzle tangen 
tially introducing secondary air entrains dust particles 
from an axial primary raw-gas flow. This secondary jet 
flow forms an outer potential flow. This potential flow 
is caught before it can flow into an annular back-pressure 
or quiescent Zone, as manifested for example by a dust 
enriched ring space, and is directed instead into a collec 
tor space from which the dust is discharged. The terms 
and phenomena involved in these flow principles will be 
further explained below. 

According to one of the embodiments particularly for 
dust removal disclosed in the above-mentioned applica 
tion Serial No. 835,886, dust-laden smoke-gas enters 
axially into a processing container through an inlet duct, 
and a circulating iiovy is excited by blowing a medium, 
Such as air, into the container through respective tangen 
tial ducts or injection nozzles which are downwardly 
inclined. The resulting ring-shaped flow of gas consti 
tutes a “rough ground” of the flow system, for seperating 
dust from the raw smoke gas. 
The performance of the method in accordance with the 

above-mentioned principles disclosed in copending appli 
cation Serial No. 835,886, however, requires a relatively 
large amount of energy for the Supply of secondary air 
through the above-mentioned injection nozzles or stirrer 
devices. 

it is therefore an object of my invention to afford re 
ducing the secondary-air energy to a correspondingly low 
value without impairing the degree of dust separation. 
According to my invention, relating to an apparatus 

of the above-mentioned type, particularly for dust separa 
tion from a raw gas, provide a series of secondary air 
injection nozzles, and a flow-line or stream-lined body 
located immediately beyond the last secondary-air injec 
tion nozzle of the nozzie series, considered in the flow 
direction of the raw gas. This stream-lined body is pref 
erably of annular shape, and serves to build up the pres 
Sure at its location in an inward radial direction, and thus 
increases the peripheral component and width of the otter 
potential flow. 

According to alliother feature of my invention, pro 
vide one of more auxiliary secondary-air nozzles, each 
effecting an increase in speed of the main jet flow. The 
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auxiliary nozzles are positioned to inject air into a path 
which corresponds to the flow path of the main jet fiow 
of secondary air, which preferably has a spiral or helical 
shape. further provide additional nozzles at the height 
of, or ahead of, a stream-line body located at the raw 
gas outiet, these additional nozzles serving to overcome the 
friction loss between the raw-gas ficw and the nozzle 
main jet flow which attains a high dust concentration, 
e.g. about 500 grams/Nin. (Ninn. representing one cubic 
meter of gas at 0° C. and 1 atm. pressure at sea level). 
The invention will be further described with reference 

to the accompanying drawings showing various embodi 
ments of the invention by way of example. 
F.G. 1 is an axial sectional view of a dust separator 

according to the invention. 
FiG. 2 is an enlarged horizontal cross section along 

the line ii- indicated in FIG. 1. 
FG, 3 is a section taken along the line ii-ii in 

F.G. 2. 
FiG. 4a is an axial section through part of a modified 

dust separator otherwise similar to FiG. 1. 
FiG. 4b is an axial section of another modification. 
FGS. 5 and 6 show two further modifications in a 

dist separator otherwise similar to that of FEG, i. 
The Same reference numbers are used to designate the 

same or sinhilar items in the various figures. 
Before describing the illustrated ein bodiments, the fluid 

foy phenomena will be explained, the effects invoived 
described, and definitions given for various terms used. 

(a) Potential flow.-ASSunning a homogeneous and 
friction-free flow, this term denotes a flow in which the 
individual fluid particles do not rotate about their own 
axis. 

(b) Rotational flow.-i his denotes a fiow in which the 
individual fluid particles rotate about their own axis. 

(c) Solid ground-This denotes, for example, a plate 
which extends transverse to the fow direction, upon which 
the flow impinges perpendicularly, and which deflects the 
flow. When this plate is given roughness a "rough ground.” 
is involved. 

(d) Sources and sinks.--if a fluid flows from a point 
between two parallel plates uniformly in all directions to 
the cutside, then this for in of flow is called a “source.” 
However, if, conversely, the fluid arriving unifornly from 
ail sides exits into one point, this point is called a “sink' 
or 'vortex-sink. 

(e) Deformed plane is a “spatial” plane, for example, 
the surface of a water eddy which narrows downwardly 
in conical shape. 

Fluid flows in which no internal friction occurs, are 
called “potential flow.' Due to the absence of internal 
friction, a potential flow is not subjected to internal energy 
losses So that the total energy initially inherent in the 
flow remains preserved. In flows of fuid occurring in 
nature, friction is essentially limited only to the zones of 
the boundary layer at those surfaces which limit the flow, 
whereas the friction within the flow itself is approxi 
mately Zero. At the contacted boundary surfaces the 
occurring friction results in formation of sheering forces 
which withdraw energy from the flow. This energy is in 
part consumed for releasing a secondary flow. Hence a 
distinction must be made between the primary flow con 
stituted by the energy dissipating flow, and the secondary 
flow which receives energy from the primary flow. In 
many cases, the secondary flow possesses greater tech 
nological importance than the primary flow calising the 
Second flow. 
When producing a flow within a containing vessel, the 

occurring secondary flow receives its energy from the 
shearing forces which the primary flow exerts upon any 
wall portions, for example upon the lateral walls, and on 
the so-called “ground.” Without friction at boundary sur 
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faces, no secondary flow can take place. With increased 
friction at the boundary surfaces, the shearing forces adja 
cent to the wall are increased and the resulting Secondary 
flow is likewise increased. The original or impressed pri 
mary flow always becomes superimposed by a secondary 
flow as soon as any surfaces, for example the side walls or 
the ground, limiting the flowing medium produce an ap 
preciable amount of friction. In practice, this is always 
the case to a greater or lesser extent. The secondary flow 
caused by the shearing forces at the friction-producing 
surfaces penetrates far into the original, primary flow be 
cause the secondary flow, which may again be looked upon 
as being the source of a tertiary flow, may likewise have 
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no appreciable internal friction. It is possible, therefore, . . 
that a secondary flow, in turn, may dissipate energy at a 
rough surface to a tertiary flow, whereby of course the 
formation of the secondary flow is subjected to modi 
fication. -- 

The foregoing explanation forms a basis for the under 
standing of fluid motions which in fluid mechanics are 
termed "circulatory flow above a solid ground' and which 
are of interest for the present invention. It will be under 
stood that, when a liquid in a cylindrical or similarly 
shaped rotationally-symmetrical vessel is Subjected to stir 
ring motion about the vessel axis, the flow produced by the 
stirrer can be looked upon as being a primary flow. This 
primary flows releases a secondary flow, the possible 
formation of tertiary or further derivative flows being at 
first ignored. With such a stirring motion, the liquid is 
not only placed in circulating motion at the Outer rim 
of the vessel but is also pressed downwardly. The flow 
lines directed downwardly at the external perimeter then 
run together on the bottom of the vessel near the vessel 
center, and the flow then moves upwardly in the center 
range. After reaching the surface zone, the flow lines 
again extend from the center radially outwardly. 

This flow extending vertically downward and upward as 
well as toward the center at the bottom and toward the 
periphery at the top, superimposes itself upon the pri 
mary circulatory flow. Consequently, the liquid particles 
move on the periphery on a helical line downwardly but 
when they reach the vessel bottom, the motion converts 
to an approximately logarithmic spiral along which the 
particles reach the center whence they rise near the center 
axis. The ascending motion in the center takes place in 
form of a rotational motion along a helical line of rela 
tively narrow diameter (vortex filament) depending upon 
the active range of the shearing forces. On the top Sur 
face, the course of the flow again corresponds to a spiral, 
now extending from the center outwardly. 
The flow motion just described constitutes a simple 

form of the one usually designated in fluid mechanics as 
“circulatory flow above a solid ground' (coffee-cup 
flow). 
The merging of all flow lines in the center of the ground 

is tantamount to the formation of a vortex sink from 
which a vortex filament, being a rotational flow, extends 
upwardly. At a certain height, inversely proportional to 
the square root of the angular velocity, a special vortex 
source forms itself. In the vortex source there occurs a 
surprising effect explained further below. 

If different substances are present in the flow, or if with 
one and the same medium there are particles of respec 
tively different phase or configuration, then the particles 
split off from the vortex source are flung outwardly and 
may reach the downwardly directed stirrer flow located 
outside of the vortex source and extending helically down 
ward. This stirrer flow, representing the exciting or pri 
mary flow, conveys the flung-away particles to the outer 
rim zone of the vessel bottom. It is essential, however, 
that such particles are not driven against the vessel wall 
but are kept on a cylinder surface by virtue of non 
centrifugal forces still to be explained. Consequently, the 
particles remain within the flow and, contrary to what is 
usually expected are not carried by centrifugal forces 
against the vessel wall. It is obvious, therefore, that 
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4. 
forces are active that are not identical with centrifugal 
force. 
The distance of the vortex source from the solid bot 

tom further depends upon the roughness of the bottom 
which, physically, constitutes the "solid ground.' The 
excitation energy for the tertiary flow, taken from the 
secondary flow, increases with increasing roughness as 
will readily be understood from the foregoing explana 
tions. Consequently the position and shape of the vortex 
source can be predetermined by the design of the rough 
ground. A concave ground imparts to the vortex Source 
a shape contracted in the radial direction. A convex 
design of the ground results in deformation of the vor 
tex source to a fuller shape radially expanded outwardly. 
In the latter case the vortex source closely approaches 
the external primary flow extending helically downward. 
Due to this short distance, there is a greater probability 
that a fuid particle flung out of such a vortex Source 
will be carried out into the primary flow and will thus 
be separated. Consequently for each particle there is 
a certain separation probability which follows statistical 
laws and which, as a rule, is to be kept as high as pos 
sible in all cases where a separation, for example a 
dust separation, is desired. If the flow is to be utilized 
for reducing or eliminating noise or sound, then the 
boundary line or area, usually designated as “deformed 
plane” must extend as a closed area around the Source 
of the sound. The foregoing examples will suffice for in 
dicating the particular requirements that can be met by 
the circulatory flow, depending upon the particular pur 
pose for which the invention is to be used. 
The consideration of the resulting vortex sinks and 

vortex sources facilitate understanding the "relative 
forces” referred to in this disclosure. The vortex sink 
forming itself at the bottom of the processing vessel, is 
comparable with the vortex sink occurring when draining 
liquid through a drain pipe. The rotating velocity of 
the fluid particles increases when the particles approach 
the vortex filament, a phenomenon often observable when 
draining water from a bathtub. The peripheral velocity 
of the particles decreases gradually with increasing dis 
tance from the vortex source. The vortex filament ex 
tends between the vortex sink and the vortex Source. 
While in a drainpipe there occurs a downwardly directed 
helical motion, the flow conditions here of interest have 
a vortex filament which, as explained, extends upwardly. 

If one lays an imaginary cross section horizontally 
through the vortex filament beneath the vortex Source, 
the resulting flow-field picture is such that the peripheral 
speed of the fluid particles at first increases with increas 
ing distance from the center of the vortex filament of the 
circulatory flow. 

However, a different flow-field picture is obtained if 
one extends an imaginary cross section horizontally 
through the vortex sink in the vicinity of the bottom. 
Now the particles travel approximately cn a logarithmic 
spiral inwardly. An imaginary horizontal cross section 
in the vicinity of the upper surface, extending through the 
vortex source, would show a travel of the particles sub 
stantially along a logarithmic spiral in the outward di 
rection. 
While a horizontal section through the middle of the 

processing vessel does not offer further interesting flow 
configurations, the imaginary horizontal sections in the 
vicinity of the top surface offer information about the 
particle motion on inwardly and outwardly directed spiral 
paths upon which an acceleration on the one hand, and 
a deceleration on the other hand is obtained. For a 
particle that, within the vortex filament, moves upwardly, 
the peripheral velocity, therefore, must change spon 
taneously as the particle enters into the vortex source. 
The same applies to the langular velocity because the 
particle, as set forth above, passes from a rotational flow 
into a potential flow and vice versa. Due to the occur 
ring change in velocity and angular velocity, the particle, 
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is subjected to acceleration. Thus there occurs a force 
which is proportional to that acceleration and to the 
particle mass and which is directed toward the interior 
at the vortex sink and toward the outside at the vortex 
source. This force, having the character of a Coriolis 
force, is called "relative force.” 

Also effective, simultaneously with the relative force 
explained above, is a centrifugal force which has the 
same direction as the relative force in the vortex Source 
but which is opposed to the relative force in the vortex 
sink. As a result, a virtually spontaneous spreading-apart 
of the particles comes about in the vortex source, whereas 
a corresponding phenomenon in the vortex sink takes 
place more slowly and in the opposite sense. It will be 
recognized that the relative force must be considerably 
stronger than the centrifugal force. 

It may be added at this place that, due to the circu 
latory flow, there is also produced an additional, sinus 
oidal relative force. This sinusoidal force, in accordance 
with a further feature of the invention, can be taken ad 
vantage of by virtue of the fact that it manifests itself, 
for example in air flows, as infra-Sonic action and causes 
a viscosity increase by orders of magnitude, as will be 
further explained hereinbelow. As a result, for exam 
ple when applying this phenomenon in a suitable boiler 
firing system, the combustion is considerably promoted. 
The described relative forces, as explained, originate 

in the transition zone between rotational flow and po 
tential flow, and the rotational flow may occur above or 
below the potential fiow as well as within or outside : 
thereof or also conjointly with the potential flow or at 
a plurality of localities in alternating sequence. 
As above mentioned, a considerable amount of energy 

has heretofore been required for introducing the sec 
ondary air through the injection nozzies which produce 
the stirring action. If one takes into account a pressure 
of 10,000 mm. WC (water column) just ahead of an 
injection nozzle for introducing secondary air, and a sec 
ondary-air quantity corresponding to ten percent of the 
raw-gas quantity, then the energy consumption for the 
supply of the secondary air is approximately 1000 mm. 
WC, relating to the entire flow of raw gas, plus an in 
crease of about 100 mm. WC corresponding to the pres 
sure drop in the raw gas. Thus the entire energy con 
sumption for the secondary air is approximately 1100 mm. 
WC relating to the entire gas flow. This energy con 
sumption, however, is too high, because for reasons of 
economy the total energy required for the injection of 
secondary air should not exceed a value of 300 to 500 mm. 
WC, relative to the entire raw-gas flow. 
The dust separator vessel according to FIG. 1 is pro 

vided with a cylindrical jacket i of sheet metal which 
communicates with a raw-gas inlet conduit 2 at the bot 
tom of the jacket. The exit opening from inlet conduit 
2 into the jacket is formed by a streamlined ring-shaped 
body 3 whose walls and outer diameter widen in the up 
ward direction so as to make it tulip shaped. The raw 
gas flow, or prinnary flow, schematically denoted at its 
inlet by a group of arrows 4, enters from below into the 
separator vessel, travels in an axial direction and leaves 
the top of the separator as a clean-gas flow at Outlet con 
duit 5. A jet of secondary air is injected into the gas 
flow within the processing space of the jacket E by means 
of a nozzle 6. This nozzle 6 is downwardly inclined to 
ward the jacket 1 and aiso extends tangentially to the 
main-gas flow. Consequently, the secondary-air jet issu 
ing from nozzle 5 travels on a spiral or helical path sche 
matically indicated at 7. This path extends through the 
separator space 8 into the collector space 9 of the Sep 
arator. The air entering at 6 is heavily laden with dust 
particles, at a concentration of from 500 to 750 grams 
per cubic meter at normal conditions of temperature and 
pressure. 

Located closely above the air nozzle 6 is a streamlined 
ring-shaped body 10 which has an inner and outer ring 
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6 
portion defining a ring-shaped recess ai which widers 
upwardly in diffuser fashion. This channel or recess it 
receives the Waste portion of the secondary air issuing 
from the nozzle 6. The recess 1 is located at a place 
of maximum pressure, as is schematically indicated at $4. 
by a curved dotted ine which denotes the varying pres 
sure across the radial width of the ring body 6. With 
any nozzle injection a certain amount of ineffective or 
Waste flow inevitably occurs to the side. In the present 
case, the jet from nozzle 6 entrains dust, and a portion of 
the waste flow therefronn is forced into the diffuser recess 
il, which directs it into a conduit to recycle this dust 
laden air flow back into the separator by reversing its flow 
direction 180° or more. For this purpose, the recess 
space : is connected with the raw-gas inlet dict 2 by 
the dust discharge pipe or conduit 2a, or alternately it is 
connected by a dust discharge pipe 12b with the separator 
space 8, or, as shown in FiG. 1, all the above-mentioned 
connections may be provided simultaneously. A catch 
nozzle may be provided between the dust lines 2a or 
12b and the conduit 2 or the separator vessel A. The ring 
body E6 can be given any suitable inner diameter, the 
separation between the clean gas at 5 and the dist aden 
gas at is being in proved with smaller inner diameters 
of ring body 20. At its tail or outlet side relative to the 
direction of the gas flow, the ring body 3 is provided 
with a diffuser-like tail portion 13 for recovering or re 
establishing they desired pressure of clean gas flow 5. 

If the secondary-air injection nozzle 6 is substituted by 
several such nozzles, the product of the total secondary 
air injection area in FD (wherein n is the number of noz 
zles and Fd is the injection area of each nozzle) times 
the applied pressure just ahead of the nozzles (Ap) re 
mains constant for a predetermined quantity of second 
ary-air. This corresponds to the mathematical relation 

in "FD". Ap-const. 
It follows from this relation that doubling the secondary 
air injection area Fd permits cutting the injection pressure 
to one-half. However, Such an arrangement of a plural 
ity of secondary-air nozzles 6 on a straight line behind 
each other, seen in the flow direction 4 to 5 of the raw 
gas, often permits accommodating only a limited number 
of nozzles for lack of space. 
One or more auxiliary nozzles 5 are therefore pro 

vided at Spaced locations along the helical course of the 
flow 7 from main nozzle 6. The velocity of the air enter 
ing with entrained dust from nozzle 6 normally would 
tend to decrease with increasing distance from nozzle 6, 
while the velocity of the dust, being heavier would not 
decrease as rapidly as the air velocity. The auxiliary 
nozzles 5 serve to again accelerate the specifically lighter 
medium, for example the main nozzie air back to the 
local speed of the specifically heavier and thus leading 
medium, such as the dust particles. Consequently, at 
each of the nozzles 5, of which the effect of only one is 
illustrated by velocity vector arrows of equal length at 
15c, the speed of the specifically lighter particles or me 
dium again corresponds to the speed of the specifically 
heavier particles. 
The respectively different velocities of air and dust 

particles within the main nozzle flow path 7, laden with 
dust, are schematically indicated by arrows of respec 
tively different lengths at the individual nozzle injection 
points 5a, 5b and 5c. The vector arrows indicating 
air velocity are attached to white dots and the vector ar. 
rows indicating dust particle velocity are attached to 
black dots. At the location 35a, immediately in front 
of the injection nozzle 6, the specifically lighter particles 
or medium still have the same speed as the specifically 
heavier particles. At the location 5b however, the latter 
have advanced in relative velocity. At the nozzle injec 
tion point 5c of nozzle i5 the heavier particles again 
have the same velocity as the specifically lighter air me 
dium. 
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The provision of one or more auxiliary nozzles 15 on 
a spiral-shaped path corresponding to the travel path 7 
of the nozzle main jet, causing a speed increase of the 
main jet flow from nozzle 6 affords a means for reducing 
the energy consumption down to a fraction of the value 
heretofore required for satisfactory separation. The aux 
iliary nozzles 15, arranged along the nozzle main jet 7 
that extends spirally in opposition to the direction of the 
raw-gas flow, have the effect of stepwise increasing the 
speed of the nozzle main jet which normally would other 
wise decrease in proportion to the distance from the main 
nozzle 6. 
The following speed relations result with respect to the 

nozzle main jet 7: 
The specifically heavier particles within the nozzle 

main jet 7 lead the specifically lighter air flow in ve 
locity due to the greater inertia of the particles. Con 
sequently these heavier particles, due to the retardation 
of the air current in the flow are, so to say, carried into 
a region of static overpressure. The auxiliary nozzles 
15 mounted in a spiral arrangement impart to the air 
current of the jet flow 7 such an acceleration that, at 
each of the respective nozzle injection points 15a, 15b, 15c, 
the specifically lighter particles again attain the speed 
of the specifically heavier particles. 

After the speed has been increased by the action of 
the last auxiliary nozzle at the location 15c, the path 
7 of the injected main flow leaves the separator space 
8 and enters into a quiescent region 16 before it passes 
into the collector space 9 of the separator. An additional 
nozzle 17 is provided, directed into space 9, for supple 
menting the energy loss consumed by friction between 
the raw-gas flow 4 to 5 and the injected main flow 7 
which is enriched with dust in high concentration. (500 to 
750 g. Nm.8). 
between dust line 12a or 12b and conduit 2 and serves to 
advance the dust-enriched quantity into the collector 
space 9. Simultaneously, a first dust cone 18, promot 
ing the separation, is formed within space 9 by the in 
teracting flow currents. A streamlined body is positioned 
within the dust cone 18 and supported within the jacket 
1 just beyond the opening of raw-gas inlet 3. On the 
downstream side of body 19 a second dust cone 20 forms 
itself. This streamlined body 19, also called a "Dobbas' 
has a tear drop or onion-shaped downstream tip so that 
the tip angle formed is as close as possible to zero, as 
in the known Joukowski type vane. 

After the nozzle main flow 7 has passed by the first 
one of the mutually closely spaced nozzle injection points, 
as seen in the flow direction of the raw gas, it enters 
into the so-called quiescent region 16, mentioned above, 
in which no excitation of the flow takes place. At the 
height of the tear drop-shaped streamlined body (called 
"Dobbas') mounted at or ahead of the raw-gas outlet, 
the nozzle main flow is again amplified for overcoming 
the friction between the nozzle jet and the raw-gas flow, 
this amplification being effected by another nozzle, before 
the gas fiow enters into the collector and discharge space. 
The buiding up of pressure ahead of the ring-shaped 

body 10, mounted according to the invention at the 
pure-gas outlet 5, takes place in accordance with the math 
ematical relation 

op 
= - p. 20%. AR 4 

In this equation: 
AR-radial width of the ring-shaped body 
w-peripheral speed - 
p=density of the medium 
The minus sign indicates the direction: radial toward the 
outside. 

By virtue of the invention, the energy requirements 
- are greatly reduced, not only with respect to the input 
pressure of the secondary air nozzles 6, 15 but also with 

The additional catch nozzle 17 is located 
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: raw gas. 

particles. 

to the flow direction of the raw gas. 

3 
respect to the quantity of air passing through the nozzles. 
Another advantage of the invention is the fact that 

the angle of inclination of the secondary-air nozzles 6, 
15 produce the nozzle main jet flow 7, can be chosen 
shallower, i.e. less steep, than with the method according 
to the above-mentioned copending application Serial No. 
835,886. This results in an increased peripheral speed. 
For example, the inclination angle ox of the nozzles 6 
may be 35 or even 30 in lieu of the 40 according to 
the prior application. 

Located in the raw-gas inlet duct 2 are guide vanes 
22 (FIGS. 1, 2) which pre-excite a potential flow in the 

These guide vanes 22 constitute additional 
means for reducing the secondary-air energy. The struc 
ture and shape of the guide vanes 22 is shown in plan 
view in FIG. 2. A cylindrical tube 24 which intercon 
nects the vanes is provided in the center of duct 2. The 
radial cross section of each of the guide vanes 22 in 
creases toward the outer conduit wall 2. A good rela 
tive-vortex formation 25 is thus obtained between each 
of the guide vanes 22. These vortices 25 are the starting 
points of a dust-conveying flow 250, called the dust 
helix, which issues from exit opening 3 of conduit 2. 

This pre-excitation by vanes 22, however, acts only 
upon part of the raw-gas flow and, since this excitation 
takes place without appreciable energy supply, consti 
“tutes the cheapest way of exciting a potential flow. 

The upstream side of the guide vanes 22, as shown in 
FIG. 3, is given a sharp edge at 26 so that a lancet-shaped 
or double-edged curved cross section 23 will result. For 
safety reasons, to provide an unimpeded passage for sud 
den pressure developing in the eventuality of a possible 
explosion, the guide vanes 22 fill the tubular cross section 
only over the width of the annulus between 24 and 2, so 
as to always leave a portion of the cross section free for 
unimpeded passage of the gas flow. 
By virtue of the structural shape of the cylindrical 

ring tube 24 and the guide vanes 22 with a sharp-edge 26 
at the upstream side, the formation of a point of back 
pressure flow at this upstream side is prevented, thus 
also preventing adherence of the specifically heavier dust 

The "relative vortex' 25 mentioned above, 
comes about by the fact that normally the peripheral 
speed of particles tends to increase when they travel on a 
path toward a smaller periphery, e.g. when they travel 
from the periphery of conduit 2 toward the central axis 
of the raw-gas flow. These particles, however, are de 
flected during their travel by the guide vanes 22 and are 
forced to move on paths that are directed radially inward, 
and this is the cause of the vortex formation at 25. 
FIGS. 4a and 4b show two modified embodiments of 

a particular construction of the hollow-ring recess i? at 
the upstream side of the ring body 10 for guiding the 
waste-air flow 12 from the secondary-air nozzles 6 and 
5. The same reference characters are used as in F.G. 

1 for respectively corresponding components. 
The ring-shaped recess 11 which has an undercut shape 

constitutes a trough which is open in a direction opposed 
The ring body 10 

is provided with a tulip-shaped edge portion 10a which 
tapers down radially inwardly and upwardly and is 
rounded for better guidance of the waste flow 12 from the 
jet coming from the side air nozzles 6. 

According to FIG. 4a, a hollow cylindrical insert 38 
is mounted in jacket ahead of the ring body 10, seen 
in the direction of the raw-gas flow. The insert 30 has 
a bulging ring portion 3 of lentil-shaped cross section 
which protrudes into the recess 11. The secondary-air 
nozzle 6 is inserted at a location between the insert 30 
and the bulge 31. While the main jet 7 from nozzle 
6 moves, in opposition to the raw-gas flow, downwardly 
on its helical path (FIG. 1), a waste flow current 12 
(FIG. 4a) from the jet of nozzle 6 travels on a log 
arithmic spiral at first radially inwardly relative to jacket 
A, then turns in the recess A in a radially outward direc 
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tion and passes down back into the separator space 8 
through a ring space 32 between insert 39 and jacket 1. 
The ring space 32 widens in the flow direction to act as 
a diffuser. At the nozzle-outlet opening 15a there ob 
tains a higher pressure than in the ring space 32 so that 5 
the flow path of the waste flow current 12 remains 
stable. 
The above-mentioned ring-shaped fow-guiding body 

10, which according to the invention especially with in 
sett 30, 3 produces a widening of the outer potential 
flow radially inwardly and which thereby increases the 
peripheral component of the potential flow, has the re 
Sult of augmenting the separating forces and the radial 
build-up in pressure ahead of the ring 8. This built 
up pressure effects a stabilization of the nozzle main 
jet flow 7, an increase in pressure down to the lower por 
tion of the dust collecting and discharging space, and 
thereby a better discharge of the separated medium. 
A flow-guiding body 33 may be mounted at a distance 

h from the ring body 18. By means of this body 3 
the radial component of the flow through jacket around 
body 33 can be increased. As a result, the flow which 
extends spirally and radially in the inward direction con 
verts within the annular gap between the ring body () 
and the guiding body 33 from a logarithmic to an arith 
metic spiral so that a better separation of the particles 
from the carrier medium takes place. The pressure 
which is built up in the annular gap from the inner to 
ward the outer side causes a deflection along path 2' of 
the jet waste flow in the radially upward direction and 
back through space 32 into the potential flow. 

In the embodiment of FIG. 4b the hollow cylindrical 
insert 30 of FIG. 4a with its bulging portion is sub 
stituted by a ring 3' of generally oval cross section which 
is located in the recess 1. The secondary-air nozzle 6 
is inserted into the wall of the separator in the same 
manner as in the embodiment according to FIG. 1. The 
current of waste air 2a, after being first deflected from 
the jet path 7 as it issues from the nozzle outlet at 5a, 
passes first in the radially outward direction, then along 
the inner side of the recess 11 and, after being again 
subjected to a directional change at the location 46, 
passes into the injected main flow 7. This causes an 
additional accumulation of dust in the waste flow, this 
dust being entrained by the main fow 7 and conveyed 
away therewith. In this case, too, as in the embodiment 
of FIG. 4a, the static pressure at the nozzle outlet open 
ing 15a is high so that the waste flow current follows a 
stable path. Another portion 2b of the nozzle waste 
flow may also flow in multiple turns about the clean-gas 
outlet opening 5 through the recess 11 around the body 
10, and can then be carried away together with the 
main flow 7, as shown at 12c. 

FIGS. 5 and 6 show another structural embodiment 
and modification of the ring-shaped receSS 1. in these 
embodiments the clean-gas outlet conduit 34, protruding 
into the separator space S, is provided with a stream 
lined cross section, whereas the outer side of the diffuser 
like recess space it is formed by the inwardly curved 
tapering wall a (FIG. 6) or the outwardly curved widen 
ing wall b (FIG. 5) of the dust separator vessel. Where 
the available energy is otherwise too smail, to excite the 
potential flow an outlet openingia of the separator which 
tapers inwardly in the direction of the raw-gas flow, as 
shown in FIG. 6, additionally stabilizes the Waste flow 
and is generally preferable to a device with a widening 
outlet opening such as ib (FG. 5). 

It will be obvious to those skillied in the art, upon a 
study of this disclosure, that my invention permits of a 
variety of modifications with respect to the components, 
their design and arrangement in a dust separator or other 
apparatus according to the invention and hence that the 
invention may be given embodiments other than particu 
larly illustrated and described herein, without departing 
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from the essential features of the invention and within 
the Scope of the claims annexed hereto. 

claim: 
1. A dust-fronn-gas separator apparatus for separating 

dust entrained in a raw gas, said apparat is comprising a 
conduit vessel defining a cylindrical vessel space having 
an inlet at one end and an outlet at the other end, said 
inlet and outlet defining therebetween a primary flow 
axis for fluid flow through said vessel space; duct means 
for introducing Said raw gas containing said dust into 
said inlet along said primary flow axis, a plurality of 
nozzles disposed around said vessel and terminating at 
the inner wall surface thereof, said nozzles each having a 
direction generally tangential to the vessel wall and in 
clined relative to said primary fow axis for injecting 
gaseous fluid into said vessel along a main helical flow 
path in directions around said primary flow axis, said 
nozzle directions each having a component along said 
axis toward said inlet so that said main helical flow path 
Superimposes upon the primary flow a rotational second 
ary flow coaxial with said primary flow axis and forms 
in said vessel Space a vortex sink and a vortex source 
spaced from each other along Said primary flow axis with 
fluid-entrained solid particles of said dust being caused 
to concentrate on helical travel paths having components 
along said primary flow axis due to fluid-internal relative 
forces, said vessel having means forming a collector space 
at the lower portion thereof for accumulation of the 
dust, discharge duct means extending outwardly from 
Said collector space for discharge of the dust therefron, 
means disposed near said outlet and forming an annular 
recess coaxial with said primary flow axis, said annular 
recess having curved surfaces widening in the flow di 
rection of said primary flow axis. 

2. Apparatus for handling solid particle material by 
entrainment in fluid and for separating said particle ma 
terial from said fluid, comprising a cylindrical conduit 
vessel having an inlet at one end and an outlet at the 
other end, said inlet and outlet defining therebetween a 
primary flow axis for fuid flow through said vessel space; 
means for introducing fluid containing solid particle ma 
terial into said inlet and along said primary flow axis, 
a plurality of nozzles nounted on said vessel and termi 
nating at the inner wall surface thereof, said nozzles each 
having a direction generally tangential to the vessel wall 
and inclined relative to said primary flow axis so as to 
define a main helical flow path around said axis for in 
jecting fiuid into said vessel along said main helical flow 
path, said nozzie directions each having a component 
along said axis toward said inlet so that said main helical 
flow path Superimposes upon said primary flow path a 
rotational secondary flow path coaxial with said primary 
flow path and forms in Said space a vortex sink and a 
vortex source spaced from each other along said primary 
fiow path with fluid-entrained solid particles being caused 
to concentrate on helical travel paths having components 
along said primary flow path due to fluid-internal relative 
forces, said vessei having means forming a collector space 
at the lower portion thereof for accumulation of the solid 
particle material, and discharge duct means extending 
from said collector space for discharge of the solid par 
ticle material therefrom, and teardrop shaped deflecting 
means disposed in Said primary flow path and mounted 
in Said vessel in said collector space adjacent said inlet, 
and means disposed near said outlet and forming an an 
nular recess coaxial with said primary flow axis, said an 
nular recess having curved surfaces widening in the flow 
direction of said primary flow axis. 

3. A dust-fron-gas separator apparatus for separating 
dust entrained in a raw gas, said apparatus comprising 
a conduit vessel defining a vessel space and having an 
inlet conduit for introducing dust-laden raw gas into the 
vessel and an outlet conduit for discharge of clean gas 
therefrom, said inlet and outlet conduits being coaxially 
arranged Spaced from each other for passage of the gas 
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through the vessel space, said inlet and outlet conduits de 
fining together a primary-flow axis extending through said 
vessel space, agitating means for imparting to the primary 
flow of the gas in said space a circulatory Secondary flow, 
said agitating means comprising a plurality of nozzles 
mounted on said vessel and terminating at the inner wall 5 

2 
ing to the course of said main helical flow path to in 
crease the velocity of said secondary flow, deflecting means 
having a teardrop streamlined shape narrowing in the 
direction of said primary flow and mounted within said 
collector space on said primary axis near the primary 
flow inlet conduit, said vessel having means forming a surface thereof, said nozzles each having a direction gen 

erally tangential to the vessel wall and inclined relative to 
said primary flow axis so as to define a main helical flow 
path around said axis for injecting gaseous fluid along 
said main helical flow path into said vessel Space, said 
nozzle directions each having a component along said 
axis toward said inlet conduit so that said agitating means 
superimposes upon said primary flow in said vessel space 
a rotational secondary flow coaxial with said primary 
flow and forming in said space a vortex sink and a vortex 
source spaced from each other along said primary flow 
axis, whereby gas-entrained dust particles are caused to 
concentrate in potential flow on helical travel paths hav 
ing components along the primary flow direction due 
to fluid-internal relative forces, means for reducing the 
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energy requirements of the nozzle injection along said 
main helical path comprising a streamlined ring-shaped 
body mounted in said vessel coaxial with said primary. 
flow axis and beyond the last of said nozzles considered 
in the direction toward said outlet conduit for increasing 
toward said primary flow axis the pressure in the vicinity 

25 

of said last nozzle while simultaneously increasing the pe. 
ripheral component and width of said potential flow, said 
plurality of nozzles including at least one auxiliary nozzle 
arranged to inject gaseous fluid into said main helical flow 
path to increase the velocity of said Secondary flow, said 
vessel having means forming a collector space at the low 
er portion thereof for accumulation of the dust, and dis 
charge duct means extending outwardly from Said collec 
tor space for discharge of the dust therefrom. 4.A dust-from-gas separator apparatus for separating 
dust entrained in a raw gas, said apparatus comprising a 

3. 5 

conduit vessel defining a vessel space and having an inlet 
conduit for introducing dust-laden raw gas into the vessel 
and an outlet conduit for discharge of clean gas there 
from, said inlet and outlet conduits being coaxially ar 
ranged spaced from each other for passage of the gas 
through the vessel space, said inlet and outlet conduits 
defining together a primary-flow axis extending through 
said vessel space, agitating means for imparting to the 
primary flow of the gas in said space a circulatory second 
ary flow, said agitating means comprising a plurality of 
nozzles mounted on said vessel and terminating at the 
inner wall surface thereof, said nozzles each having a 
direction generally tangential to the vessel wall and in 
clined relative to said primary flow axis so as to define 
a main helical flow path around said axis for injecting 
gaseous fluid along said main helical flow path into said 
vessel space, said nozzle directions each having a com 
ponent along said axis toward said inlet conduit so that 
said agitating means superimpose upon said primary flow 
in said vessel space a rotational secondary flow coaxial 
with said primary fiow and forming in said space a vortex 
sink and a vortex source spaced from each other along 
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60 said primary flow axis, whereby gas-entrained dust part 
ticles are caused to concentrate in potential flow on helical travel paths having components along the primary flow 
direction due to fluid-internal relative forces, means for 
reducing the energy requirements of the nozzle injection 
along said main helical path comprising a streamlined 
ring-shaped body mounted in said vessel coaxial with said 
primary flow axis and beyond the last of said nozzles con 
sidered in the direction toward said outlet conduit for in 
creasing toward said primary flow axis the pressure in 
the vicinity of said last nozzle while simultaneously in 
creasing the peripheral component and width of Said 
potential flow, said plurality of nozzles including aux 
iliary nozzles helically positioned on the vessel around 
said primary flow axis directed along a path correspond 
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collector space at the lower portion thereof for accumula 
tion of the dust, and discharge duct means extending out 
wardly from said collector space for discharge of the dust 
therefronn. . - 

5. A dust-from-gas separator apparatus for separat 
ing dust entrained in a raw gas, said apparatus compris 
ing a conduit vessel defining a vessel space and having an 
inlet conduit for introducing dust-laden raw gas into the 
vessel and an outlet conduit for discharge of clean gas 
therefrom, said inlet and outlet conduits being coaxially 
arranged spaced from each other for passage of the gas 
through the vessel space, said inlet and outlet conduits 
defining together a primary-flow axis extending through 
said vessel space, agitating means for imparting to the 
primary flow of the gas in said space a circulatory sec 
ondary flow, said agitating means comprising a plurality 
of nozzles mounted on said vessel and terminating at 
the inner wall surface thereof, said nozzles each having 
a direction generally tangential to the vessel wall and 
inclined relative to said primary flow axis so as to define 
a main helical flow path around said axis for injecting 
gaseous fluid along said main helical flow path into said 
vessel space in directions inclined relative to the primary 
flow axis, said nozzle directions each having a compo 
nent along said axis toward said inlet conduit so that said 
agitating means superimpose upon said primary flow in 
said vessel space a rotational secondary flow coaxial with 
said primary flow and forming in said space a vortex sink 
and a vortex source spaced from each other along said 
primary flow axis, whereby gas-entrained dust particles 
are caused to concentrate in potential flow on helical travel 
paths having components along the primary flow direc 
tion due to fluid-internal relative forces, means for reduc 
ing the energy requirements of the nozzle injection along 
said main helical path comprising a streamlined ring 
shaped body mounted in said vessel coaxial with said pri 
mary flow axis and beyond the last of said nozzles con 
sidered in the direction toward said outlet conduit for in 
creasing toward said primary flow axis the pressure in the 
vicinity of said last nozzle while simultaneously increasing 
the peripheral component and width of said secondary 
flow, said plurality of nozzles including auxiliary nozzles 
helically positioned on the vessel around said primary 
flow axis directed along a path corresponding to the course 
of said main helical flow path to increase the velocity of 
said secondary flow, deflecting means having a teardrop 
streamlined shape narrowing in the direction of said 
primary flow and mounted in said vessel within said 
collector space along said primary axis near the primary 
flow inlet conduit, whereby said main helical flow be 
comes enriched with dust to a high concentration, said 
plurality of nozzles including at least one additional gas 
eous fluid nozzle directed into said collector space for 
overcoming the frictional energy loss of said secondary 
flow caused by contact with said primary flow, said ad 
ditional nozzle being located between said primary flow 
inlet and a plane normal to said primary flow axis at the 
narrowest tip of said teardrop shaped deflecting means, 
said vessel having means forming a collector space at 
the lower portion thereof for accumulation of the dust, 
and discharge duct means extending outwardly from said 
collector space for discharge of the dust therefrom. 

6. A dust-fron-gas separator apparatus for separating 
dust entrained in a raw gas, said apparatus comprising a 
conduit vessel defining a vessel space and having an in 
let conduit for introducing dust-laden raw gas into the 
vessel and an outlet conduit for discharge of clean gas 
therefrom, said inlet and outlet conduits being coaxially 
arranged spaced from each other for passage of the gas 
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through the vessel space, said inlet and outlet conduits 
defining together a primary-flow axis extending through 
said vessel space, agitating means for imparting to the 
primary flow of the gas in Said space a circulatory Sec 
ondary flow, said agitating means comprising a plurality 
of nozzles mounted on said vessel and terminating at 
the inner wall surface thereof, said nozzles each having 
a direction generally tangential to the vessel wall and in 
clined relative to said primary flow axis so as to define a 
main helical flow path around said axis for injecting gas 
eous fluid along said main helical flow path into said 
vessel space, said nozzle directions each having a compo 
nent along said axis toward said inlet conduit in opposi 
tion to said primary flow so that said agitating means 
superimpose upon said primary flow in said vessel space 
a rotational secondary flow coaxial with said primary 
flow and forming in said space a vortex sink and a vortex 
source spaced from each other along said primary flow 
axis, whereby gas-entrained dust particles are caused to 
concentrate in potential flow on helical travel paths hav 
ing components along the primary flow direction due to 
fluid-internal relative forces, means for reducing the 
energy requirements of the nozzle injection along said 
main helical path comprising a streamlined ring-shaped 
body mounted in said vessel coaxial with said primary 
flow axis and beyond the last of said nozzles considered in 
the direction toward said outlet conduit for increasing 
toward said primary flow axis the pressure in the vicinity 
cf said last nozzle while simultaneously increasing the 
peripheral component and width of Said potential flow, 
said ring-shaped streamlined body having an internal 
surface flaring outwardly toward the downstream direc 
tion of said primary flow in a diffuser-like manner, said 
plurality of nozzles including auxiliary nozzles helically 
positioned around said primary flow axis on a path 
corresponding to the course of said main helical flow 
path to increase the velocity of said secondary flow, 
said vessel having means forming a collector Space at 
the lower portion thereof for accumulation of the dust, 
and discharge duct means extending outwardly from 
said collector space for discharge of the dust therefrom. 

7. A dust-from-gas separator apparatus for separating 
dust intrained in a raw gas, said apparatus comprising a 
conduit vessel defining a vessel space and having an inlet 
conduit for introducing dust-laden raw gas into the ves 
sel and an outlet conduit for discharge of clean gas there 
from, said inlet and outlet conduits being coaxially ar 
ranged spaced from each other for passage of the gas 
through the vessel space, said inlet and outlet conduits 
defining together a primary-flow axis extending through 
said vessel space, agitating means for imparting to the pri 
naary flow of the gas in Said space a circulatory second 
ary flow, said agitating means comprising a plurality of 
nozzles mounted on said vessel and terminating at the 
inner wall surface thereof, said nozzles each having a 
direction generally tangential to the vessel wall and in 
clined relative to said primary flow axis so as to define a 
main helical flow path around said axis for injecting 
gaseous fluid along said main helical flow path into said 
vessel space, said nozzle directions each having a compo 
nent along said axis toward said inlet conduit so that 
said agitating means Superimpose upon said primary 
flow in said vessel space a rotational secondary flo'y 
coaxial with said primary flow and forming in said space 
a vortex sink and a vortex source spaced from each. 
other along said primary flow axis, whereby gas-entrained 
dust particles are caused to concentrate in potential flow 
on helical travel paths having components along the pri 
mary flow direction due to fluid-internal relative forces, 
means for reducing the energy requirements of the nozzle 
injection along said main helical path comprising a 
stream-lined ring-shaped body mounted in said vessel 
coaxial with said primary flow axis and beyond the last of 
said nozzles considered in the direction toward said outlet 
conduit for increasing toward said primary flow axis the 
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4. 
pressure in the vicinity of said last nozzle while simul 
taneously increasing the peripheral component and width 
of said potential flow, said body having an internal sur 
face flaring outwardly toward the downstream direction 
of said primary flow in a diffusor-like manner, said body 
being provided around its entire upstream circumference 
with a ring-shaped recess flaring outwardly in said down 
stream direction in a diffuser-like manner, said plurality 
of nozzles including auxiliary nozzles helically positioned 
on the vessel around said primary fow axis directed along 
a path corresponding to the course of said main helical 
flow path to increase the velocity of said secondary flow, 
Said vessel having means forming a collector space at the 
lower portion thereof for accumulation of the dust, and 
discharge duct means extending outwardly from Said 
collector space for discharge of the dust therefrom. 

8. Apparatus according to claim 7, and including a 
waste gas discharge line extending outwardly from said 
recess and connected for introducing dust-laden gas from 
said recess back into said vessel. 

9. Apparatus according to claim 8, said waste gas dis 
charge line connecting said recess with said raw gas inlet 
duct for introducing dust-laden gas from said recess back 
into said vessel. 

8. Apparatus according to claim 7, and including 
a waste gas discharge line connecting said recess with said 
vessel and joined to the latter to form an entry location 
for injecting dust-laden gas from said recess back into 
said piimary flow in a direction radial to said primary flow 
axis, and an entraining nozzle located between said entry 
location of said waste gas line and said vessel space 
for injecting a stream of air to precipitate the dust from 
the waste flow. 

ii. Apparatus according to claim 8, further defined in 
that said body is provided with an outwardly curved tulip 
shaped edge at said recess for improved guidance of the 
waste stray flow from said nozzles into said recess. 

12. A dust-from-gas separator apparatus for separat 
ing dust entrained in a raw gas, said apparatus compris 
ing a conduit vessel defining a vessel space and having 
an iniet conduit for introducing dust-laden raw gas into 
the vessel and an outlet conduit for discharge of clean 
gas therefrom, said inlet and outlet conduits being co 
axially arranged spaced from each other for passage of 
the gas through the vessel space, said inlet and outlet 
conduits defining together a primary-flow axis extending 
through said vessel space, agitating means for imparting 
to the primary flow of the gas in said space a circulatory 
Secondary fiow, said agitating means comprising a plural 
ity of nozzles mounted on said vessel and terminating 
at the inner wail surface thereof, said nozzles each hav 
ing a direction generally tangential to the vessel wall and 
inclined relative to said primary flow axis so as to define 
a main helical flow path around said axis for injecting 
gaseous fluid along said main helical flow path into said 
vessel space, said nozzie directions each having a com 
ponent along said axis toward said inlet conduit in opposi 
tion to said primary fow so that said agitating means su 
perimpose upon said primary flow in said vessel space 
a rotational secondary flow coaxial with said primary 
flow and forming in said space a vortex sink and a vortex 
source spaced from each other along said primary flow 
axis, whereby gas-entrained dust particles are caused to 
concentrate in potential flow on helical travel paths hav 
ing components along the primary flow direction due to 
fluid-internal relative forces, means for reducing the 
energy requirements of the nozzle injection along said 
main helical path comprising a streamlined ring-shaped 
body mounted in said vessel coaxial with said primary 
flow axis and beyond the last of said nozzles considered 
in the direction toward said outlet conduit for increas 
ing toward said primary flow axis the pressure in the 
vicinity of said last nozzle while simultaneously increas 
ing the peripheral component and width of Said poten 
tial flow, said body having an internal surface flaring out 
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wardly toward the downstream direction of said primary 
flow in a diffusor-like manner, said body being provided 
around its entire upstream circumference with a ring 
shaped recess fiaring outwardly in said downstream di 
rection in a diffusor-like manner, said plurality of nozzles 
including auxiliary nozzles helically positioned on the 
vessel around said primary flow axis directed along a 
path corresponding to the course of said main helical flow 
path to increase the velocity of said secondary flow, a 
hollow cylindrical insert mounted ahead of said stream 
lined ring-shaped body relative to said primary flow di 
rection of the raw gas current, said insert having a bulg 
ing ring portion protruding into said recess, deflecting 
means having a teardrop streamlined shape narrowing in 
the direction of said primary fiow and mounted within 
said collector space on said primary axis near the pri 
mary flow inlet conduit, said vessel having means form 
ing a collector space at the lower portion thereof for 
accumulation of the dust, and discharge duct means ex 
tending outwardly from said collector space for discharge 
of the dust therefrom. 

13. A dust-from-gas separator apparatus for separat 
ing dust entrained in a raw gas, said apparatus compris 
ing a conduit vessel defining a vessel space and having an 
inlet conduit for introducing dust-laden raw gas into the 
vessel and an outlet conduit for discharge of clean gas 
therefrom, said inlet and outlet conduits being coaxially 
arranged spaced from each other for passage of the gas 
through the vessel space, said inlet and outlet conduits 
defining together a primary-flow axis extending through 
said vessel space, agitating means for imparting to the 
primary flow of the gas in said space a circulatory second 
ary flow, said agitating means comprising a plurality of 
nozzles mounted on said vessel and terminating at the in 
ner wall surface thereof, said nozzles each having a di 
rection generally tangential to the vessel wall and in 
clined relative to said primary flow axis so as to define 
a main helical fow path around said axis for injecting 
gaseous fluid along said main helical flow path into said 
vessel space, said nozzle directions each having a com 
ponent along said axis toward said inlet conduit in op 
position to said primary flow so that said agitating means 
superimpose upon said primary flow in said vessel space 
a rotational secondary flow coaxial with said primary 
flow and forming in said space a vortex sink and a vortex 
source spaced from each other along said primary flow 
axis, whereby gas-entrained dust particles are caused to 
concentrate in potential flow on helical travel paths hav 
ing components along the primary flow direction due to 
fluid-internal relative forces, means for reducing the 
energy requirements of the nozzle injection along said 
main helical path comprising a streamlined ring-shaped 
body mounted in said vessel coaxial with said primary 
flow axis and beyond the last of said nozzles considered 
in the direction toward said outlet conduit for increasing 
toward said primary flow axis the pressure in the vicinity 
of said last nozzle while simultaneously increasing the 
peripheral component and width of said potential fioW, 
said streamlined ring-shaped body having an internal Sur 
face flaring outwardly toward the downstream direction 
of said primary flow in a diffusor-like manner, said 
streamlined ring-shaped body being provided around its 
entire upstream circumference with a ring-shaped receSS 
flaring outwardly in said downstream direction in a diffus 
or-like manner, said plurality of nozzles including auxil 
iary nozzles, helically positioned on the vessel around 
said primary flow axis directed along a path correspond 
ing to the course of said main helical flow path to in 
crease the velocity of said secondary flow, a torus-shaped 
member having an elliptical cross section mounted with 
in said recess for guiding waste stray flow from at least 
one of said nozzles around the wall of said recess and 
back into said main helical path, deflecting means having 
a teardrop streamlined shape narrowing in the direction 
of said primary flow and mounted within said collector 
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space on said primary axis inear the primary flow inlet 
conduit, said vessel having means forming a coilector 
space at the lower portion thereof for accumulation of 
the dust, and discharge duct means extending outwardly 
from said collector space for discharge of the dust there 
from. 

4. A dust-fronn-gas separator apparatus for Separating 
dust entrained in a raw gas, said apparatus comprising a 
conduit vessel defining a vessel space and having an inlet 
conduit for introducing dust-laden raw gas into the vessel 
and an outlet conduit for discharge of clean gas there 
from, said inlet and outlet conduits being coaxially ar 
ranged spaced from each other for passage of the gas 
through the vessel space, said inlet and outlet conduits 
defining together a primary-flow axis extending through 
said vessel space, agitating means for imparting to the 
primary flow of the gas in said space a circulatory sec 
ondary flow, said agitating means comprising a plurality 
of nozzles mounted on said vessel and terminating at the 
inner wall surface thereof, said nozzles each having a di 
rection generally tangential to the vessel wall and in 
clined relative to said primary flow axis so as to define a 
main helical flow path around said axis for injecting 
gaseous fluid along said main helical flow path into said 
vessel space, said nozzle directions each having a compo 
nent along said axis toward said inlet conduit in opposi 
tion to said prinary flow so that said agitating means 
superimpose upon said primary flow in said vessel space 
a rotational secondary flow coaxial with said primary 
flow and forming in said space a vortex sink and vortex 
source spaced from each other along said primary flow 
axis, whereby gas-entrained dust particles are caused to 
concentrate in potential flow on helical travel paths hav 
ing components along the primary flow direction due to 
fluid-internal relative forces, means for reducing the ener 
gy requirements of the nozzle injection along said main 
helical path comprising a streamined ring-shaped body 
mounted in said vessel coaxial with said primary flow 
axis and beyond the last of said nozzles considered in the 
direction toward said outlet conduit for increasing toward 
said primary flow axis the pressure in the vicinity of said 
last nozzle while simultaneously increasing the peripheral 
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component and width of said potential flow, said plurality 
of nozzles including auxiliary nozzles helically positioned 
on the vessel around said primary flow axis directly along 
a path corresponding to the course of said main helical 
flow path to increase the velocity of said second flow, de 
flecting means having a teardrop streamlined shape nar 
rowing in the direction of said primary flow and mounted 
in said vessel within said collector space along said pri 
mary axis near the primary flow inlet conduit, whereby 
said main helical flow becomes enriched with dust to a rel 
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atively high concentration said streamlined ring-shaped 
body forming together with the wall of said vessel an 
annular duct for discharge of waste gas, said annular duct 
becoming wider in the flow direction of waste gas there 
through, said vessel having means forming a collector 
space at the lower portion thereof for accumulation of 
the dust, and discharge duct means extending outwardly 
from the collector space for discharge of the duct there 
from. . - 

15. A dust-from-gas separator apparatus for separat 
ing dust entrained in a raw gas, said apparatus compris 
ing a conduit vessel defining a vessel space and having 
an inlet conduit for introducing dust-laden raw gas into 
the vessel and an outlet conduit for discharge of clean 
gas therefrom, said inlet and outlet conduits being coaxi 
ally arranged spaced from each other for passage of the 
gas through the vessel space, said inlet and outlet con 
duits defining together a primary-flow axis extending 
through said vesssel space, agitating means for impart 
ing to the primary flow of the gas in said space a circula 
tory secondary flow, said agitating means comprising a 
plurality of nozzles mounted on said vessel and termi 
nating at the inner wall surface thereof, said nozzles each 
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having a direction generally tangential to the vesssel Wall 
and inclined relative to said primary flow axis So as to 
define a main helical flow path around said axis for inject 
ing gaseous fluid along said main helical flow path into said 
vessel space, said nozzle directions each having a con 
ponent along said axis toward said inlet conduit in op 
position to said primary flow so that said agitating means 
superimpose upon said primary flow in said vessel Space 
a rotational secondary flow coaxial with said primary 
flow and forming in said space a vortex sink and a vortex 
source spaced from each other along said primary flow 
axis, whereby gas-entrained dust particles are caused to 
concentrate in potential flow on helical travel paths hav 
ing components along the primary flow direction due to 
fluid-internal relative forces, means for reducing the ener 
gy requirements of the nozzle injection along said main 
helical path comprising a streamlined ring-shaped body 
mounted in said vessel coaxial with said primary flow 
axis and beyond the last of said nozzles considered in the 
direction toward said outlet conduit for increasing toward 
said primary flow axis the pressure in the vicinity of said 
last nozzle while simultaneously increasing the peripheral 
component and width of said potential flow, said plu 
rality of nozzles including auxiliary nozzles helically po 
sitioned on the vessel around said primary flow axis di 
rected along a path corresponding to the course of said 
main helical flow path to increase the velocity of said 
secondary flow, deflecting means having a teardrop stream 
lined shaped narrowing in the direction of said primary 
flow and mounted within said collector space on said 
primary axis near the primary flow inlet conduit, where 
by said main helical flow becomes enriched with dust to 
a relatively high concentration, said ring-shaped stream 
lined body forming together with the wall of said vessel 
an annular duct for discharge of waste gas, said annular 
duct becoming narrower in the flow direction of waste 
gas, therethrough, said vessel having means forming a 
collector space at the lower portion thereof for accumula 
tion of the dist, and discharge duct means extending out 
wardly from said collector space for discharge of the 
dust therefron. 

56. A dust-from-gas separator apparatus for separat 
ing dust entrained in a raw gas, said apparatus compris 
ing a conduit vessel defining a vessel space and hav 
ing an inlet conduit for introducing dust-laden raw gas 
into the vesssel and an outlet conduit for discharge of 
clean gas therefroin, said inlet and outlet conduits being 
Coaxially arranged spaced from each other for passage of 
the gas through the vessel space, said inlet and outlet 
conduits defining together a primary-flow axis extending 
through said vesssel space, agitating means for inaparting 
to the primary flow of the gas in said space a circulatory 
Secondary flow, said agitating means comprising a plu 
rality of nozzles mounted on said vessel and terminat 
ing at the inner wall surface thereof, said nozzles each 
having a direction generally tangential to the vessel wall 
and inclined relative to said primary-flow axis so as to 
define a main helical flow path for injecting gaseous fluid 
along said main helical fiow path into said vessel space, 
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said nozzle directions each having a component along said 
axis toward said inlet conduit in opposition to said pri 
mary flow so that said agitating means superimpose upon 
said primary flow in said vessel space a rotational Sec 
ondary flow coaxial with said primary flow and forming 
in said space a vortex sink and a vortex source spaced 
from each other along said primary flow axis, whereby 
gas-entrained dust particles are caused to concentrate in 
potential flow on helical travel paths having components 
along the primary flow direction due to fluid-internal 
relative forces, means for reducing the energy require 
ments of the nozzle injection along said main helical path 
comprising a streamlined ring-shaped body mounted in 
said vessel coaxial with said primary flow axis and be 
yond the last of said nozzles considered in the direction 
toward said outlet conduit for increasing toward said pri 
mary flow axis the pressure in the vicinity of said last 
nozzle while simultaneously increasing the peripheral 
component and width of said potential flow, said plurality 
of nozzles including auxiliary nozzles helically positioned 
on the vessel around said primary flow axis directed along 
a path corresponding to the course of said main helical 
flow path to increase the velocity of said secondary flow, 
at least one additional gaseous fluid nozzle directed into 
said collector space for overcoming the frictional energy 
loss of said secondary flow caused by contact with said 
primary flow, deflecting means having a teardrop stream 
lined shape narrowing in the direction of said primary 
fow and mounted within said collector space on said pri 
mary axis near the primary flow inlet conduit, said addi 
tional nozzle opening into said vessel at a location be 
tween said primary flow inlet and a plane normal to said 
primary flow axis at the narrowest tip of said teardrop 
shaped deflecting means, said agitating means further com 
prising guiding vane means positioned within said raw 
gas inlet conduit to assist in imparting said circulatory 
motion to the raw gas, said guiding vane means having a 
sharp edge at their upstream side and an outwardly wid 
ening lancet-shaped cross section relative to the radial 
direction of said vessel, said vessel having means forming 
a collector space at the lower portion thereof for accumu 
lation of the dust, and discharge duct means extending 
outwardly from said collector space for discharge of the 
dust therefrom. 
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