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AbJtraet--Removal of particles from a gas suspension via a surface, and subsequent regeneration 
of the surface, are analyzed. The deposition of the panicles 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 panicle separation devices, including surface 
regeneration, is related to these field forces and to other effects. 

1. I N T R O D U C T I O N  

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 system 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 result 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 lain size. However, with 
all these techniques high particle concentration (say, 2 g/m 3 for 1-10 lain 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 ease 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 195 I). 

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 8pacing 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/~ is 
the viscosity of the fluid intself .~. The viscosity of the particulate phase in the mixture 
arises from transport of momentum by diffusion, prop (pp is the particle phase density 
and D r 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: 

= • = ~ '~ '  + ~;' [ I ]  
dt at + ar 

where t 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 ~'~ = 91~/2a, p p -  2-~,~ in 
the Stokes law regime), a, is the radius of a particle of species (s), ~;~ is its density, # is the 
density of the gas such that #p >> #; -~t'~'~' 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 - p  

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.  (% - u) = ~ , r  I~)/F~,~ [2] 
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-('~ is the density of species (s) in the particle cloud, assuming that u is nearly the where vp 
mean velocity of the dilute suspension. 

Furthermore, since the suspension is dilute, the diffusion equation of species (s) is given by: 

dP(f . . . .  bP(f + u (~p(p'} - V [-Dp(S)Vpp(') + (') (') - pp (up u)]. [3] 
dt bt ~r 

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 negle~ed and 
only shear stress and field forces need be considered (See 1973b). 

3. L I F T  A N D  D E P O S I T I O N  A T  T H E  B O U N D A R Y  

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 d~ ) 
for deposition, surface force per unit mass -w"('), adhesion probability o'~ ) prior to the com- 
pletion of a monolayer deposition, and lift force F~ ) per unit mass due to fluid shear. In 
general, i~ ) should be included over the whole shear layer and it is insignificant for both 
2a, << 6, and 2a, >> 6, (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 × I Mass per unit area o 1 x I Frequency of lifting/ . 
of lift ] ~ particles layer ~ of particles / 

Since the frequency of lifting is given by the lift velocity (f~)/F c')) divided by the mean 
distance between successive particles lifted, the flux of particles produced by erosion is 
thus: u~)'p~Z~f~)/F at the wall, where the probability ¢~)', accounts for the difference between 
bed density ,,(') and the above quantity (mass per unit area divided by the mean distance 
between lifted particles). With f~) thus accounted for, and the boundary condition is 
(See & Tung 1972; See 1973b); 

f(,) - D  ('} c~P(P=) = (I - o'(')~ I "p  I n(') o-~) n(') - [(I 
r ' p w  ~ r ' p w  - -  I r ' p w  uw YpbJ ~ "~" J.plash 

[4] 
where n is the coordinate normal to the wall, p ~  is the density of the suspension over the 
layer deposited on the wall, jp:(') 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 include an erodible bed of solid particles, the lift force per unit mass 
fZ) is given by (for coordinate y in the n direction): 

. ~ Uo I L dul t/2 

where u~ ') is the local relative velocity of particles to gas, Uo is the characteristic fluid 
velocity, and L is a characteristic length of the flow system. The relative velocity is given by: 
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1•(s) u(ps) • = - u + A u  (~' [6] 

where Au c*) 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: 

~ 3  ~,3~a~] E7] 
r p  

for substantial relative motion based on experimental results, c t ~ 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 proport ional  to the particle radius. Adhesion probabilities a have been deter- 
mined only in isolated cases, notably by L6ffler & Muhr (1972). Current data show a - 10 -4 
for adhesion by van der Waals force, and 0.5 > a > 0.05 for attachment by field forces. 

The relative motion of particles at the boundary is given by 

= ,;,, [°u';'/ u(s) .w / E8J 

where L~ ~} is the interaction length of particles (s) with the fluid, 

L~ ) = ((U(.~)) 2) I/2/F(*) 

where ((Au~))a) 1/2 

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

4. E F F E C T  O F  S P L A S H I N G  

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 ^(') We note P pb  . 

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, rn,/m,. 

For particles (r) travelling at velocity u (') colliding with a bed including species (s), the --pw 
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inverse relaxation time, F (s'), for momentum transfer was given by Soo (1967) as: 

(r) rs) ,~(s) i,"(u) Pp F~ = ,~pb-- 
2 (r) (r) [x/(a,/a,) + x/ (ar/a,)] upwpp 

and F""  = ~rl(~') J (aJar) J (P~} P~')~J r ~,/ (mr/ms)] + 

where u ~  is the velocity of the particle cloud (r) at the wall, ~(sr) is the fraction impacted 
of a particle (s) by cloud (r) and if(st) __ 1, as and a, are the radii of particles of the respective 
species, ms and m, their masses, and ~p is the material density of each species. The flux of (s) 
particles produced by splashing of particles of various species (1") at probability a~ st) is 
given by: 

,ds) ~(s) 
= ,.,. ~ , r )  ~'pl, ~ ,~,} u(,)~/a ~ [9]  Y. r'sr u  , ,,,,-P.,.-,,', 

--s - ~ )  (r) - -  (r) 

for mr > ms. Equation [9] gives the last term of[4~. NoR that the flux of species (s) enhanced 
by splashing is proportional to a force per unit mass represented by u~2/a; with up,, given 
by [83. Splashing is insignificant when Lp 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. A P P L I C A T I O N  T O  E L E C T R O S T A T I C  P R E C I P I T A T O R S  

The basic relations of density distribution and deposition at a surface are demonstrated 
in figure I. The system consists of corona wires and collector plates as shown in figure l(a); 
a simplified representation is given in figure l(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 = (q/m)/F) for charge q and mass m of a particle, and E is a uniform electric 
field. Figure l(b) also represents the situation in a collector passage such as in a two-stage 
precipitator as is shown in figure l(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: 

p ~pp ~Pp a2pp 
[10] 

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

p e = b U  KEb (q) Fb 
D--n °~e----- -~p = FDp 

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

@ y* = 0, app 
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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 eoUection by image force. 

at the wires, and @ y* = 1, Opp Oy* = (1 - a)~,pp 

at the wall where deposition is desired, a 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 ee and small a, the density distribution is approximated by: 

Ps,/Ppl ~- [1 + ~t,y*] exp [-actePe- lx *] [12] 

for particle cloud density Ppl at the inlet. The collection efficiency F/¢ is obtained by 
integrating the total mass rate of particles: 

~ c " , l - e x p l - a o t . P e - t ~ ]  

= I - e x p [ - a ( q )  --~-E L~] [13] 
FU b]  

for passage length, L~. This is the Deutsch equation (White 1963) modified by the 
introduction of an adhesion probability. 

(b) At large :~e, we get 

pp ~ [2y* - a.y .2] exp (½aeY* - ¼e~Pe- ix*) [141 
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(c) 

and 

E15] 

Hence, for large ~te, the collection is not strongly influenced by the adhesion probability; 
the influence of panicle diffusivity is readily seen. Space charge effect is neglected in 
the above, which isappropriate for a dilute suspension. 

Collection in the passage such as is shown in figure l(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 panicle 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 

f~. q2 y ,  
"" ~eomFb 2 (1 - y,2)2 [16] 

where eo is the permittivity of free space. For a given adhesion probability tr, as a 
particle reaches y = b - a (a is the panicle radius): 

Pv "" Pvz exp [-tT~tPe-lta:/b2)x*] [17] 

P p ( q 1 2 6 2  
where ~ = e'~o ~ml FD, 

based on space charge effect of the material. The efficiency is given by: 

~h=l-exp[-o'Ov(q) 2a ° J [18] 
where Pv is assumed to be uniform at each section ofx because ofhigh panicle 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, Pv = 
10 a kg/m 3, (q/m)= 10 -1 coul/kg, a = 1/zm, F = l0 s sec -1, U = 3 m/see, b = 4ram, 
r/C = 95 per cent. Case {a} at V, = 103 v. requires the passage length L, of 48 ram. 
Case (c) requires Lc = 6.36m; however, for a = 5#m. F = 4.103 sec-i ,  case (c) 
requires Lc = 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 (2; radius R(z) of the inside surface with coordinate r, z in the radial and axial directions 
respectively; fluid velocities u, v, w in the up, vp, wp for the particulate phase of a given 
species. 

The density distribution of the particulate phase is strongly influenced by a finite particle 
diffusivity Dp and field forces, together with finite interaction length Lp and sticking 
probability o" 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, 

_ D p ~ R = ( 1  _ a ) [ F s i n t ~ + v ~  . . . .  
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The diffusion equation can be expressed in dimensionless form by introducing W= Q/nR 2, 

where Ro is the largest radius of the cyclone: 

r* = r/R, z* = z/R, u* = u/W, w* = w/W, v* = vR/C, 
/L~o ~ml 

I L  eo 

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

Peu*  + ~,E* + . - - ~ - ) ~ r *  + (Pew* + =E* - ?)~-~ + 2Qp* ~, 0r* = V*2P~ - 

[21] 

where P e =  Dp ~ =  , Q =  and = 

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, f~ 
plays an important part at the wall because of large relative velocity v~w 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, ? -~ 0; and small radial velocity (or u* - 0 because 
u* << w*). Integration from zero to r* gives: 

where 

r ,~3p* , . , 2  f e f ***dr,  ~r--- ~ - np .~ .  - =p~, p'r* dr* - =eP~ = Pe-ff~z, ppw, r 

roEe q 
f t 2 =  ~ - -  

FDp m 

[22] 

Ee is the external field due to potential or surface charge density of the wall, and ro 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 ~c over a height Lc of the cyclone is given by integrating [22]: 

L, [ ~, P~] f'- L, ~ _~ 
~,-~ l-exp -2a[f~+4(2-k*)a+~,]-~Pe -~ + 2L ~ + *~'--~re 

Ppwl F D r 

fw L,  ,, -1].  
- 2ow--~-~pre  [23] 
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Using the approximation for the density distribution due to centrifugal force alone: 

)1 p~-~ p~,exp  - - ~  - 1 [24] 

f 
f l / 2  

and k* = tf2/2)exp(fl/2) x - t e - X d x  <~ 0tl) 

for f~ > OIlO) and P~R = Pp~/P~. Equation [23] shows the influence offL in decreasing 
the efficiency. NeglectingfL a n d f . ,  [23] can also be expressed for large f~ as: 

___ i - exp LITQ- TI + T + --F -jj [2q 

for length L c and volume flow rate Q. Note that C2Lc/18FQR:o 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 (2Ro) 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 o = 0.25 m, Q = 0.187 m2/sec, C = 4.17 m2/sec, Lc = 0.0875 m, 
2a = 10/~m, fi = 4 . 1 0  .6  kg/m/sec,/5 = 5 kg/m 3, F = 500 sec -1, Ppl = 2.98 kg/m 3, q/m = 
10 -a we get r/¢ = 97.3 per cent; for 2Ro = 1.5 m, Q = 6.43 m3/sec, Lc = 5.25 m, and similar 
pressure drop, the dimensionless groups are 0.32 and 77.8, respectively, giving r/¢ = 98 per 
cent. 

In the absence of surface adhesion, sedimentation occurs when p~ is reached at the wall. 
For volume fraction solid, ~ = Pph/#p for sedimentation, and ~ l  = Pp~/#~, at the inlet, 
sedimentation begins at (~/8)~ I > 1 - x / (~ i /~) ,  or, for pp~/#j, << 1, 

~ = # P  Z__Ro > - -  [26] 
~o D pF ~ 1 

where ~ is the value of ~ where pp~ is replaced by ~p. ~ gives the minimum q/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 Ppb 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: 

Ro] - Igpp~R3o] ~P,d l c o s ~ - f s i n 4 ~ t  [27] 
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or 6~ oc ( - z )  1/3, (negative z points downward, where 6s = 0 at z = 0), pps is the sliding 
bed density, f is the Coulomb friction coefficient at the wall, ~s is the shear resistance of 
the sliding bed, Ppz is the inlet density of the particles, and ~p is the density of solid material. 
6~ 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, 

z~ = ~Pt,~g (cos ~b - f sin t~). [28] 

To unload, r, 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 2Ro = 1.50 m, pp, = 822 kg/m 3 (0.6 fraction solid) and 
a yield stress of 476 n/m 2, [28] gives 6, - 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 panicles 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 alofie 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, Pc, ~ ~ ~,, ~ y. 

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(as) , the overall efficiency 
is given by: 

fi" /V' 1 - r/~ = (1 - qcs)f(a,) da s f(a,)  da~ 
I I " a  I 

for ranges of panicle sizes from a I and a 2 . Splashing of a deposited layer by species of large 
Lp 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 panicles. 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 [4J. 
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Sommaire--On analyse l'enlevement de particules d'une suspension de gaz par une surface, et la 
regrnrration subsequente de la surface. Le drprt des particules dans le dispositif de collection est 
df~ principalement au champ elect riq ue (dans les pr~cipitateurs 61ectrostatiques) et ~ une combinaison 
de champs electriques et centrifuges (dans un separateur cyclonique). La bonne conception de 
dispositifs de srparation'de particules, y compris la regeneration de surface, est alliee Aces forces 
de champs et b, d'autres effets. 

Aaszug--Es wird die Entfernung von Partikeln aus einer Gassuspension via einer Oberfl,~che und 
die nachfolgende Regeneration der Oberttiche analysiert. Die Abscheidung der Partikel in der 
Auffangvorrichtung erfo[gt vorwiegend durch das elektrische Feld, (in eIektrostatischen Aus- 
f'~illapparaten) und durch eine Kombination yon elektrischen und Zentrifugalfeldern, (in einem 
Zyklonabscheider). Korrekter Entwurf dieser Abscheidungsvorrichtungen yon Partikelm ein- 
schlieBlich Oberfliichenregeneration, wird auf diese Feldkr~ifte and auf andere Wirkungen bezogen. 
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Pe31oMe---AHaJDt3HpyeTcfg y21a.,'leHt[¢ B3BettleHHblX tlaCTHU H3 I'a3a qepe3 rlOBepXHOCTb 14 
nocnenyR3mee BOCCTaHOBneHHe noeepXHOCTtl. OTJIO)KeHHe qaCTHLI B C~OpHOM npHcnoco6neHMH 
B nepsyH3 oqepe2zb r[pOHCXO~HT BCJIellCTBRe 3JleKTpHtleCKOFO rlOJl~l (B 3JIeKTpOCTaTHtleCXHX 
OTCTO~HHKaX) H 6Jlaro21ap~ XOM6HHaLIRH 3neXTpHqeCKOrO 14 tleHTpO6eXHOrO rloneg (B 
HHFJIOHHOM ccrlapaTope). I'lpOeXTHpOBaHRe nolzxo~lmtlx  rIpHCrlOCO~JleHH~q rfH~l OTIIeJIeHH$1 
tlaCTHR, BX.rllOtlag BOCc'raHoB.rleHHe r10sepxHocTH, 3am, lcl.iT 01- 3Th"X CI.Lrl no~[ ~I OT r[pyI'HX 

~0e~roB. 


