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Abstract—Removal of particles from a gas suspension via a surface, and subsequent regeneration
of the surface, are analyzed. The deposition of the particies in the collection device is primarily
due to electric field (in electrostatic precipitators) and to a combination of electric and centrifugal
fields (in a cyclone separator). Proper design of particle separation devices, including surface
regeneration, is related to these field forces and to other effects. ’

1. INTRODUCTION

An ideal system for the removal of particles from a gas is one in which the particles simply
agglomerate until reaching a size such that free fall occurs. Specifically, particles large
enough such that their terminal settling velocity in a given potential field exceeds the flow
velocity of the gas, readily separate. The potential fields present may be gravitational,
centrifugal, or electrical. If agglomeration is achieved simply, the cleaning systemn is small
in dimension, low in power consumption, and high in particle collection efficiency (Soo
1973a).

Agglomeration in a particle cloud, with a distribution of particle sizes, can be achieved
in an accelerating or decelerating fluid, which causes relative motion between large and
small particles as a resuit of differences in their inertia (Soo 1967). Collision or scavenging
of small particles by large particles leads to an increase in average particle size. An initial
distribution in size is not necessary when sonic agglomeration techniques are employed.
Sonic agglomeration is effective even for particles as small as 0.1 um size. However, with
all these techniques, high particle concentration (say, 2 g/m*® for 1-10 um particles) is
needed for collisions to occur. As a result, large power consumption (1.5 kw/1000 m3/sec
of gas treated) is indicated by Green & Lane (1964).

One way to improve the efficiency is to increase the collision surface by introducing
liquid droplets as done in a venturi scrubber. Such a scheme is feasible only if a liquid
can be used. Another approach is to introduce dry surfaces for collection or agglomeration.
A fluidized bed of pellets may be used but the pellet surface be cleaned, and surfaces that are
easily cleaned must have simple geometry. One logical solution is direct use of the surface
in a cyclone separator or an electrostatic precipitator for agglomeration. In these well
known devices, the collecting surfaces may also be viewed as agglomerating surfaces which
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build up layers of particles over a length of time. The surfaces are then cleaned by removing
the particles in lumps (or agglomerates). The power consumptions of these devices are in
the range of a fraction of a kilowatt per 1000 m3/sec of gas treated.

High collection efficiency by mutual agglomeration of particles is always limited by the
lack of collisions among the particles as particle concentration decreases. Collisions with
the walls of the system become more significant than mutual collision. Therefore, designing
for the removal of particles from a gas requires knowledge of the interaction of the gas,
the particles, and the wall surfaces.

We need to account for the settling out of particles by various field forces (gravitational,
centrifugal and electrical), surface forces of adhesion; i.e. van der Waals force. Also, we
must consider for particles the corresponding adhesion probabilities with a clean wall
surface or a packed or moving bed of collected particles (Soo 1972a). These deposition
mechanisms are opposed by lifting of particles in the shear flow field and lifting from a bed
of particles. These effects were treated by Soo & Tung (1972) for the case of duct flow and
by Soo & Rodgers (1971) for channel flow. We shall consider the general case and account
for the splashing of particles produced by particles striking a layer of deposit (Bagnold 1951).

2. DIFFUSION UNDER FIELD FORCES

Rigorous calculation of a particulate system is currently limited to the cases of dilute
suspensions and a packed or sliding bed. The reason is that in a dilute suspension, the scale of
motion is large and the particle—particle interactions are weak; in a sliding bed the particle-
particle interactions are strong but the displacements are small. In dilute suspensions
(mean interparticle spacing greater than two mean diameters), the fluid motion is not strongly
influenced by the presence of particles. The viscosity of the fluid phase in the mixture y is
the viscosity of the fluid intself 7. The viscosity of the particulate phase in the mixture
arises from transport of momentum by diffusion, p,D, (p, is the particle phase density
and D, is the diffusivity of the particles). The momentum equation of the particulate phase
of species (s) in a suspension with a distribution of particles sizes is given by:
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where ¢ is time, r the spatial coordinates, u and u$’ are the velocities of the fluid phase and
species (s) of the particulate phase, respectively. F® is the inverse relaxation time for
momentum transfer between the fluid and species (s) of the particles, (F = 9j/2a5% in
the Stokes law regime), g, is the radius of a particle of species (s), o is its density, 5 is the
density of the gas such that 5, » p; f%” is the force per unit mass due to the flow field
and resistance to diffusion of momentum acting on species (s) and giving rise to the apparent
viscosity of the particulate phase in the mixture and f$’ is that due to field forces. For
fully developed motion, or when inertial forces are smaller than the viscous and the field
forces, the flux of species (s) is given by:

P — ) = PSS + )/ F [2]
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where p{ is the density of species (s) in the particle cloud, assuming that u is nearly the
mean velocity of the dilute suspension.
Furthermore, since the suspension is dilute, the diffusion equation of species (s) is given by:

d (s) 8p'® (s}
Py _ 05 .9PF _
dt or or

 [=DEVp + pPus — w). [3]

For a thin particle bed, sliding over a wall, the mass balance includes the deposition
rate resulting in the thickness of the bed. In the force balance, inertia can be neglected and
only shear stress and field forces need be considered (Soo 1973b).

»

3. LIFT AND DEPOSITION AT THE BOUNDARY

Considerations of physical effects at the boundary of a flowing suspension must include
diffusion of species (s) of particles, field forces per unit mass f', adhesion probability ¢¢
for deposition, surface force per unit mass £, adhesion probability ¢'9 prior to the com-
pletion of a monolayer deposition, and lift force f{’ per unit mass due to fluid shear. In
general, f should be included over the whole shear layer and it is insignificant for both
2a, « 6, and 2a, > 4, (6 is the boundary layer thickness of the fluid phase). The flux of
particles produced by the erosion from.a bed is given by:

(Probability) y Mass per unit area of) y (Frequency of lifting|

of lift particles layer of particles

Since the frequency of lifting is given by the lift velocity (f{/F*) divided by the mean
distance between successive particles lifted, the flux of particles produced by erosion is
thus: ¥ pl3)f ¥/F at the wall, where the probability 6§, accounts for the difference between
bed density p!) and the above quantity (mass per unit area divided by the mean distance
between lifted particles). With /¢ thus accounted for, and the boundary condition is
(Soo & Tung 1972; Soo 1973b);
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(4]
where n is the coordinate normal to the wall, p&), is the density of the suspension over the
layer deposited on the wall, /' are directed toward the wall. The last term in [4] gives the
effect of splashing by larger particles of species (r) colliding with the deposit layer, considered
in the next section.

For cases which mclude an erodible bed of solid particles, the lift force per unit mass
S is given by (for coordinate y in the n direction):

L dult?
(.,d;l u” (5]

where 4! is the local relative velocity of particles to gas, u, is the characteristic fluid
velocity, and L is a characteristic length of the flow system. The relative velocity is given by:

- D(l)

f(l) N(ss)
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u = ul — u + Au (6]

where Au'* is the relative velocity due to fluid shear alone (Au'® ~ a, du/dy), and the shear
response number, N,, is given by data of Graf & Acaroglu (1968) as:

L 3/2
V(s) = 3 [7]
ity —(s) Lu.,p 7(1

for substantial relative motion based on experimental results, ¢, = 50.

The force of adhesion of particles to a clean surface or to a surface with a layer of deposited
particles, influences further deposition of particles. A survey by Soo (1973b) shows that the
adhesive forces are either electrical or liquid in origin. The electrical forces include those
due to contact potential difference. dipole effect, space charges, and electronic structure.
Krupp (1967) showed that the adhesive force between a solid plane and spherical solid
particle is proportional to the particle radius. Adhesion probabilities & have been deter-
mined only in isolated cases, notably by Lffler & Muhr (1972). Current data show ¢ =~ 10~
for adhesion by van der Waals force, and 0.5 > ¢ > 0.05 for attachment by field forces.

The relative motion of particles at the boundary is given by

au(s)
dy )

ug) L(s) ( [81

where LY is the interaction length of particles (s) with the fluid,
L(Ps) = <(U;”)2>”2/F(3)
where (Aul)2y1/z

is the intensity of relative motion between the particle and the fluid (Soo 1967).

4 EFFECT OF SPLASHING

Bagnold {1951) observed the splash of particles when hitting a layer of non-sticking
particles. Seman & Penny (1965) also noted that particles striking a layer of electro-
statically deposited dust cause splashing and reentrainment. Such an effect is readily
accounted for by considering the particle—particle interaction when a cloud of particles of
species (r) collides with a deposit layer including species (s) and bed density p{). We note
that:

(a) In a monodispersed suspension, because particles cannot be distinguished, any
splashing constitutes exchange of particles with the deposited layer. '

(b) Splashing is produced mainly by particles larger than those of the species (s) under
consideration in the deposit layer (Soo 1967, 1973b) since the fraction of kinetic energy
of a particle (r) transferred by collision with a particle (s) is proportional to the ratio
of their masses, m,/m,.

For particles (r) travelling at velocity u}), colliding with a bed including species (s), the
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inverse relaxation time, F“”, for momentum transfer was given by Soo (1967) as:
pg') F(n) - p% F(.lr)
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where ul?) is the velocity of the particle cloud (r) at the wall, »*") is the fraction impacted
of a particle (s) by cloud (r) and n” ~ 1, a, and q, are the radii of particles of the respective
species, m, and m, their masses, and 5, is the material density of each species. The flux of (s)
particles produced by splashing of particles of various species (r) at probability o' is
given by:

and F6n

(s) (s)
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for m, > m,. Equation [9] gives the last term of [4]. Note that the flux of species (s) enhanced
by splashing is proportional to a force per unit mass represented by u},')f /a; with u,,, given
by [8]. Splashing is insignificant when L, of a species is small. Note also that we have
neglected the (s—r) collision in the dilute suspension in [1] but accounted for (s—r) collision

in the layer of deposit.

5. APPLICATION TO ELECTROSTATIC PRECIPITATORS

The basic relations of density distribution and deposition at a surface are demonstrated
in figure 1. The system consists of corona wires and collector plates as shown in figure 1(a);
a simplified representation is given in figure 1(b). The suspension is flowing with velocity
U in the x-direction, and a drift velocity KE in the y-direction. K is the mobility of the
particles (K = (g/m)/F) for charge q and mass m of a particle, and E is a uniform electric
field. Figure 1(b) also represents the situation in a collector passage such as in a two-stage
precipitator as is shown in figure 1(c). The slug flow is a good approximation, especially
for cases of large interaction length giving a large relative velocity from [8].

The diffusion equation of the particles of a given species takes the form:

0p, dp, _0°p,
“axe T %Gy T gy

[10]

for x* = x/b and y* = y/b. Pe and a, are the Peclet number and a parameter correlating
drift and diffusion, respectively, and

bU KEb (q) Fb
Pe = — &, = =[] =
D, D, \m/FD

Using these definitions, the boundary conditions [4] are (Soo & Rodgers 1971; Soo 1972b):

op

@yr=0 Zr=up,
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Figure 1. Field and boundary configurations of electro-precipitation system. (a) Conventional precipitator
passage; (b) Idealized equivalent passage of (a); (c) Collector passage formed by opposite charged plates;
(d) Passage for collection by image force.

at the wires, and @ y*=1, — = (1 — o)ap,

at the wall where deposition is desired. o ranges from 0.1 to 0.5 at a clean surface in an
electrostatic precipitator.

The influence of other fluxes at the boundary is neglected at present. A solution of [10]
by separation of variables was given by Soo & Rodgers (1971). It is interesting to note that:

(a) At small drift force or small &, and small o, the density distribution is approximated by:
PolPpr = [1 + ay*] exp [ —oa Pe™ 'x*] (12]

for particle cloud density p,, at the inlet. The collection efficiency 7, is obtained by
integrating the total mass rate of particles:

L
no~1-— exp[—-aa,Pe"f:l

[ (q E Le [13]

=1—-exp| —0|—| ——
m| FU b

for passage length, L,. This is the Deutsch equation (White 1963) modified by the

introduction of an adhesion probability.

(b) At large z,, we get

pp €[2y* — a.y** T exp (Jay* — falPe” 'x*) (14]
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L,
and nox=1- exp[—%aﬁPe" —b—:|
=1 e - 4] E% L] el
= Pl 7 \m 4F?D, Ub

Hence, for large «,, the collection is not strongly influenced by the adhesion probability;
the influence of particle diffusivity is readily seen. Space charge effect is neglected in
the above. which is’appropriate for a dilute suspension.

Collection in the passage such as is shown in figure 1(d) depends on space charge
effect when there is substantial concentration of charged particles. It depends on
image force when the suspension is dilute. Because of the presence of particle diffusivity,
even in laminar fluid flow in the passage, a particle is not expected to remain at the
mid-plane indefinitely, and collection is produced by the interaction of diffusion and
the image force (per unit mass) f, which gives a drive velocity

ho_& _»
F ~ me,mFb* (1 — y*?)?

[16]

where ¢, is the permittivity of free space. For a given adhesion probability o, as a
particle reaches y = b — a (a is the particle radius):

Pp = pp €xp [—a&Pe™ Ya*/b*)x*] [17]
= 2 2
where &= Py (2) b—
¢ \m| FD,
based on space charge effect of the material. The efficiency is given by:
Pp(a\” a al,
=1- —c2|Z - 18
e exp[ aso (m) Fu,b b] (18]

where p, is assumed to be uniform at each section of x because of high particle diffusivity.
Equation [18] is a modified Deutsch equation for collection by image forces. The
influence of other factors in the boundary condition [4] is illustrated in the following
example:

Example: The following is given with a small plate-to-plate spacing: ¢ = 0.5, 5, =
10% kg/m3, (g/m) = 10™ ' coul/kg. @ = 1 um, F = 10°sec™!, U = 3m/sec, b = 4 mm.
1. = 95 per cent. Case (a) at V, = 10° v. requires the passage length L, of 48 mm.
Case (c) requires L, = 6.36 m; however, for a = Sum. F = 4. 103sec™'. case (c)
requires L, = 10.2 mm only.

6. CYCLONE SEPARATORS

The basic relations also make it possible to analyze more rigorously the performance

of a cyclone separator. As shown in figure 2, a common configuration has dusty gas entering
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Figure 2. Conditions inside a cyclone separator and coordinates. (a) Fluid velocity distribution; (b) Particle
path and sliding bed.

tangentially at the top of a cylindrical section to produce the vortex motion. The particles
collected by the combined centrifugal and gravitational forces are removed at the bottom
of the conical section. The cleaned gas exits from the top.

Figure 2 shows the coordinates and dimensions of the flow system for volumetric flow
rate Q; radius R(2) of the inside surface with coordinate r, z in the radial and axial directions
respectively; fluid velocities u, v, w in the u,, v,, w, for the particulate phase of a given
species.

The density distribution of the particulate phase is strongly influenced by a finite particle
diffusivity D, and field forces, together with finite interaction length L, and sticking
probability ¢ of particles at the wall or with the deposited layer of particles (Soo & Tung
1972). The field forces include centrifugal, gravitational and electrostatic forces. The effect
of electrostatic charges is prominent in gaseous suspensions. The electric charge effect is
such that much of the carryover into the outlet pipe occurs due to electrostatic repulsion
rather than by turbulence alone.

For the flow system shown in figure 2(a), the fluxes due to field forces in the diffusion
equation are given by the equations of radial and axial components of particle momentum.
In these equations the inertial forces may be neglected in comparison with field forces and
viscous forces (Soo 1967). The electric field E is given by the Poisson equation.

At the boundary, for deposits of small thickness or for a clean wall, we have for coordinate
x in figure 2(a) and gravitational acceleration g,

2

=(1- o)[g—sin ¢+ 2 cos d>] Por — [(1 = 6)p,r — 0Pyl (%)
R

F RF
B .
F pyR wppr F

dp

P ox

(19]

+(1 -0
m
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The diffusion equation can be expressed in dimensionless form by introducing W= Q/nR?Z,
where R, is the largest radius of the cyclone:

= /R, *=z/R, u*=uW wt=wW, v*=uR/C, V*=V / [ﬁsi (1) Rz]-
o m

E* =E/[fi(3) Ro} pF = 04/ [20]
g, \m

where C is the maximum vorticity of the system and V is the electric potential giving

0 vy Ovy
Peu* + aE¥ + Q2 ) ap:+(Pew*+aE"‘—}’)ap: + g3 E =2 = VAp) — o
[21]
WR,, Ppl _ Cz _ gRo
where Pe = s a= = RED,,F, y = D.F

correlating convection, diffusion, and transport by various forces in relation to diffusion
and relaxation phenomena. The fact that the electrostatic, centrifugal and gravitational
forces give rise to drift components on particles in addition to u and w is thus shown. Q
plays an important part at the wall because of large relative velocity v,,, given by [8].

When applied to a steep cone (small ¢ in figure 2), the local condition can be determined
by integrating [21] with the simplification of small axial electrical field (compared with the
radial electric field; i.e. E* > E?*), nearly uniform axial velocity, or w* ~ constant; small
gravitational effect due to turbulence, y >~ 0; and small radial velocity (or u* ~ 0 because
u* « w*). Integration from zero to r* gives:

.0 G,
p,, — Qpiux? — ap¥ f pyr*dr* — ap* = Pe W J. ppwpr* dr* [22]
where x= roke 1
FD m

E, is the external field due to potential or surface charge density of the wall, and r, is a
characteristic dimension for the applied field depending on its geometry. The right-hand
side of [22] is the dimensionless rate of deposition of particles.

With these simplifications, and taking into account the effects in {19], the collection
efficiency 7, over a height L_ of the cyclone is given by integrating [22]:

ne~1-— exp{ 20[Q + 42 — k*)a + cx,]——Pe'1 + 2[a+ p”]f"D Pe~!
pPW 4

fw
-2 FFP } [23]
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Using the approximation for the density distribution due to centrifugal force alone:

1 ] (24]

Q2
and k* = (Q/2) exp(Q/z)f x"leT dx < 0(1)

Qf1
Py = P:Rexp[— E(r*_z -

for Q > 0(10) and p}z = p,r/p, - Equation [23] shows the influence of f; in decreasing
the efficiency. Neglecting f; and f,,, [23] can also be expressed for large Q as:

2nC3L p‘(q)ZRZL (q)RL
~ 1= - ‘ fpif ] 242 2 =
e =1 exp{ a[ FQRf) + 8n e \ml FO + 2nE m| Fo [25]

for length L, and volume flow rate Q. Note that C2L /18FQR? is just the empirical cyclone
number of Rietema & Verver (1961) and 9C/FR? is the empirical Tengbergen group
(Leith & Licht 1972). Some agreement with experimental results using these dimensionless
groups is hence not surprising. Other terms in [25] show that by a combination of centrifugal
force and electrostatic forces, a large diameter (2R,) cyclone separator may have the same
efficiency as a small one, for similar pressure drop of the gaseous suspension. This is not
the case for hydrocyclones.

Example: A system with 2R, = 0.25m, Q = 0.187 m?/sec, C = 4.17 m?/sec, L, = 0.0875m,
2a = 10 ym, i = 4- 10~ ° kg/m/sec, j = Skg/m>, F = 500sec™?, p,, = 298 kg/m>,g/m =
10~* we get 7, = 97.3 per cent; for 2R, = 1.5m, Q = 6.43 m?/sec, L, = 5.25m, and similar
pressure drop, the dimensionless groups are 0.32 and 77.8, respectively, giving 5, = 98 per
cent.

In the absence of surface adhesion, sedimentation occurs when p,, is reached at the wall.
For volume fraction solid. ®, = p,,/p, for sedimentation, and ®, = p,/p, at the inlet,
sedimentation begins at (2/8)®; > 1 — /(®,/®,), or, for p,/p, « 1,

= 2 2
a:ﬁ(i) R, . 8 [26]
g, \m| D, F @,
where % is the value of x where p, is replaced by §,. & gives the minimum g/m for sedimen-
tation by electrical effect. The most desirable condition for collection in a cyclone separator
is where the adhesion probability is zero but a bed of density p,, flows down the cone.

The ideal situation would be a dense bed (collection by either the centrifugal or the
electric field) flowing down the cone toward the dust discharge, figure 2(b).

Unloading of the collected particles at the bottom of the cyclone is similar to the condition
of unloading of bins and flow of solids through an orifice; namely, the pressure is often
lower in the inside of the bottom cone. The difficult problem is usually to get the collected
lay to slide down from the upper portion of the cone.

For a sliding bed of collected particles, the integration of the equation of bed momentum
for a steep cone results in:

( (3\)3 E (r,u‘Dp) (pp,) ( ,‘.‘) (Q+ mx) (27
Rn - gppng Pps Ro (cos @ — f51ﬂ¢) B
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or &, o (—2z)'/3, (negative z points downward, where é; = 0 at z = 0), p,, is the sliding
bed density, f is the Coulomb friction coefficient at the wall, y, is the shear resistance of
the sliding bed, p,; is the inlet density of the particles, and j,, is the density of solid material.
4, increases toward the bottom of the cone. For a thin layer of deposit, at a steady rate of
removal, the weight is balanced by a shear stress,

Ts = 6sppsg (COS ¢ - fSin d’)' [28]

To unload, t, must be greater than the yield stress of the bed. Larger yield stress leads to a
thick bed. The shear stress due to fluid flow is, in general, negligible.

For the example of a cyclone of 2R, = 1.50m, p,, = 822 kg/m? (0-6 fraction solid) and
a yield stress of 476 n/m?,[28] gives §, >~ 0.0672 m, a thick layer. Successful operation calls
for small yield stress, which depends on consolidating pressure produced by the centrifugal
and electrostatic forces. Large consolidating pressure and high moisture content cause
large yield stress.

The worst situation is when the electrical resistivity of particles is high such that a
tenacious insulating layer is formed with a large surface charge density. In this case, previously
collected particles do not unload, and carry-over to the outlet occurs.

7. DISCUSSION

The above formulations show how lift forces, bed erosion, and splashing act on the
collection efficiency. The influence of the surface force is such that collection occurs by
diffusion alone in the absence of field forces. Although this influence is usually small in
comparison with field forces, it is not as easily controlled.

The electrical effect in a cyclone separator for a gas—particle suspension is usually
significant; the possibility of applying an electric field to enhance collection is indicated.

For all collection devices, a knowledge of adhesion probability of particles to the surface
of the system is important. More data are needed.

Formulation of the phenomena made possible identification of a minimum number of
dimensionless groups for correlating data and for scaling. These are: Kp, S, Pe, a, &, a,, Q, 7.

The differential equations also make possible numerical calculations for a detailed
design and numerical simulation of these devices.

For a suspension with a particle size distribution function f(a,), the overall efficiency
is given by:

1 - e = J. 2(1 - ’lcs)f(as) das/f 2 f(as) das

for ranges of particle sizes from a, and a,. Splashing of a deposited layer by species of large
L, should be accounted for even for a dilute suspension.

The problem of removal of particles in lumps from the collecting surface is at least as
important as the collection of individual particles. The treatment of sliding bed for the
case of the cyclone separator can be extended to the case of rapped collector plates in a
conventional electrostatic precipitator. The entrainment by such a falling cloud of dust
should also be accounted for in the boundary condition [4].
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Sommaire—On analyse I'eniévement de particules d’une suspension de gaz par une surface, et la
régénération subséquente de la surface. Le dépot des particules dans le dispositif de collection est
di principalement au champ électrique {dans les précipitateurs électrostatiques) et 2 une combinaison
de champs électriques et centrifuges (dans un séparateur cyclonique). La bonne conception de
dispositifs de séparalion. de particules, y compris la régénération de surface, est alliée 3 ces forces
de champs et 4 d’autres effets.

Auszug—Es wird die Entfernung von Partikeln aus einer Gassuspension via einer Oberfliche und
die nachfolgende Regeneration der Oberfliche analysiert. Die Abscheidung der Partikel in der
Auffangvorrichtung erfolgt vorwiegend durch das elektrische Feld, (in elektrostatischen Aus-
fallapparaten) und durch eine Kombination von elektrischen und Zentrifugalfeldern, (in einem
Zykionabscheider). Korrekter Entwurf dieser Abscheidungsvorrichtungen von Partikeln, ein-
schlieBlich Oberflichenregeneration. wird auf diese Feldkrifte und auf andere Wirkungen bezogen.



PARTICLE-GAS—SURFACE INTERACTION IN COLLECTION DEVICES

PezioMe—AHATM3UPYETCA yNANeHHe B3BELUEHHbIX YaCTHLl M3 Ta3a 4epel MOBEPXHOCTh H
nocnenyolliee BOCCTAHOBAEHKE NOBEPXHOCTH. OT/I0XKEHHKe YacTHL B COOPHOM NPHCIIOCOGACHIH
B MEPBYIO OMEpEldb NMPOHCXOUMT BCAEOCTBHE INIEKTPHYECKOro nons (B 3MEKTPOCTATHYECKHX
OTCTOIHUKAX) M 6naropaps XKOMOWMHAUMH 3MEKTPHYECKOTO M LEHTPOOEXKHOro monci (B
LMKNOKHOM cenapaTtope). [TpoexTUpoBanue MOIXOMAILMX MPUCNIOCOONCHUR Ins OTOENeHHS
YacTHU, BKAIOYAS BOCCTAHOBJEHHE NOBEPXHOCTH, 3aBUCUT OT 3THX CHJ MOJf M OT OPYrux

3¢ hexTOoB.
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