An analysis of the oscillogram shows that distinct deviations of the light beam are observed at the
same measurement point. This is evidently caused by the distinct resistance of the drops wetting the trans-
ducer.

In turn, the resistance depends on the diameter of the drops. Hence, the size of the drops incident on
the transducer can be determined by means of the magnitude of the current.

Experiments conducted with a given different particle diameter, obtained by using a drop generator [4],
afforded the possibility of constructing a calibration curve to determine the drop diameter as a function of
the value of the current. Results of an analytical computation are compared in Fig. 3 with experimental re-
sults characterizing the depth of fluid particle penetration zmax in the symmetric domain of the jet impinge-
ment zone or, in other words, the particle deceleration path in the axial direction, in order to analyze the
hydrodynamics of the swirling jet impingement zone.

The results of an analytical investigation are verified completely satisfactorily by the experimental
check.

The maximum value of the deceleration path fluctuated within the range 0.01-0.11 m for fluid drops of
the size 100-1000 p.

NOTATION

m, particle mass; Yy, specific gravity of the gas; Tps specific gravity of the particle; F, middle sec-
tion; ¢, frontal drag coefficient; Re, Reynolds number; v, kinematic viscosity; d, particle diameter; Wgi,
velocity at chamber exit; H, spacing between end faces; W¢p, Wy, W, tangential, radial, and axial gas veloci-
ties; 7, time; zmax, maximum depth of particle penetration in the swirling impinging stream.
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BEHAVIOR OF POLYDISPERSE PARTICLE CLOUD
IN GAS FLOW AT LOW REYNOLDS NUMBERS

V. M. Liventsov and A, E, Mozol'kov UDC 532.529.5

Expressions which describe the behavior of particles in a fluidized bed are obtained and
studied. Comparative values are given for mass flow and energy of entrained particles as a
function of relative concentration of particles of a different type.

A theoretical expression Was obtained [1] with the help of a point-force approximation for the resistive
force acting on a uniform polydisperse cloud of particles in the direction of gas flow at low Reynolds numbers.

The essence of the point-force approximation is the following: The perturbation introduced by a sphere
in a flow at low Reynolds numbers is replaced by a point force applied to the center of the sphere. This
force is assumed equal in magnitude but opposite in direction to the viscous force acting on a particle in the

direction of flow.
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The force acting on a particle of rad‘ius' a; in the direction of flow can then be represented as {1}
F, = bapaf; (M) (v —w)). (1)

Equation {1} is a generalization of the well-known Stokes equation for flow around an isolated particle
with A defined by the expression

A = {brm, + [36a%m + 24nm, (1—3p/2)]!/? } | (2—3p),
where mj, my, and mg are the first three moments of the particle-size distribution function n{a},
m, = [n(g)a"da,
and p = 47rm3/3 is the volume concentration of particles.

For a system consisting of two sizes of particles, it was shown [2] that although the rate of entrain-
ment of fine particles decreases as their relative concentration increases, their mass and energy flux in-
crease as their relative concentration increases (for fixed overall volume concentration of the solid phase).

We consider a system consisting of particles of three sizes,
@ < 8, < Qg P <Pp P3< P

where py, p2, and p3 are, respectively, the concentrations of the fine, medium, and coarse particles. SBuch a
system corresponds better to the actual case.

In this case, m; and m, are given by the relations

3 3 3
™= gy 1T Tapgr P gy Pe
3 3 3
my = f )
z 4rna, Pt 4na, Pa T 4nag Pa

where p = p1 T p2 ¥ pa.
Introducing the notation a,/a; =x>1, a,/a;=y <1, we oblain
Ay =4,5[p + (x — 1) py + (y— 1) psl/(2 — 3p) +-{20,25 [p + (x— 1)p, -+
+— Do+ 180 + (x* — 1) py - (4 — 1) pl (1 — 3p/2)}'/2 | (2— 3p). ()
To deterrmne the behavior of the particles, we write the sum of the forces acting on a particle. In the

assumed model, gravity and the flow resistive force defined by Eqg. (1) act on a particle. We then represent
these equalities for type 1 and type 2 particles in the form

Bapa,f; (A) (vww)-——d /s na“g, .
FOV=1+hg+ Yy M, i=1,2

Considering that the motion of the flow is directed oppositely to the vector for acceleration in free fall,
we solve the system with respect to wjy.

(2)

Assuming further that particles of radius «, are stationary {are balanced by the flow, w, = 0}, we
have the expression

Wy = I—M — a%—a%+alaz(ag—al)7\, v
1~[ RO R U VRS VA I (3)

for the steady-state velocity of the fine particles, where v is the flow velocity.

Introducing the notation A = a} —a}, B=a,a,(a, —a,), C = a}, D=a,a}, and E=a}a}/3, Eq. (3) can
be written
A+ BA

=TTy, (4
Y= + Do+ EA3
where A, B, C, D, E> 0.
Differentiating Eq. (4), we obtain
ow, _ _ AD—BC+2AEL+BEN o
a (€ + D+ Exy? ,
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since AD-BC = afal(a; — a) > 0.

Consequently, w; decreases as A increases. As is clear from Eq. (*), however, A increases with an
increase in the relative concentration p; of the fine particles [for fixed concentrations p3 (concentration of
the coarse particles) and p (overall volume concentration of the solid phase)].

Thus, we find that wy falls with increase in the relative concentration of fine particles (and with a cor-
responding decrease in the concentration of medium particles). This conclusion follows qualitatively from
consideration of Eq. (1). Thus, in the case where particles of type 2 are suspended, i.e., w; = 0, a gas
velocity v of lower value is required for equalization of the weight of particles of type 2 when there is a
rise in the coefficient of resistance (increase in A). Consequently, the velocity of particles of type 1 must
also be lower, since it is directly related to gas velocity. ‘

When there is an increase in the relative concentration of coarse particles [for fixed concentrations pg
(concentration of the fine particles) and p (the overall volume concentration of the solid phase)], A falls.

Therefore, w; increases when there is an increase in the relative concentration p 3 of the coarse parti-
cles (with a corresponding decrease in the concentration of medium particles).

Proceeding in a similar manner with particles of types 2 and 3, we obtain an expression for the velocity
of type 3 particles similar to Eq. (3),
1= af, (M) o a2 —al -+ aya3(a,—ay) A
Ws = AR Z(F 2, F s 1)

Introducing the notation A; = a}—a}, B; =a,a3(a;,~a;), C;=a}, D; =ala,, and E, =aja}/3, we re-
write the expression for the velocity w3 in the form

A, + B
C,+DAEM?
From the conditions in our problem, 4y, B; < 0 and Cj, Dy, E; > 0.

Wy =

We reach the obvious conclusion that the velocity of particles of the third kind is directly opposite to
the direction of flow of the fluidizing agent.

Investigating the dependence of w3 on A, we obtain
ows  B,C,—A,D —2AEM - BEM

oM _7 ' €, + D17“ + Elxz)z
The form of this relationship indicates that the magnitude of the velocity w3 of the coarse particles can
either increase or decrease when the relative concentration of fine particles increases depending on the re-

lationship between the radii of the three types of particles.

For particles 10, 50, and 250 ¢ in size and an overall particle concentration of 0.5 in a bed, we cal-
culate the mass flow Jj of particles in the i-th fraction and their energy flux Qj:
w w, \?
Ji=pi i . Ql=pl(-v—'~> .

v

We consider three cases which are characterized by differing combinations of concentrations (Table 1).

The table makes it clear that the mass and energy flows of fine particles, increase with an increase in
their relative concentration [for fixed concentrations ps (concentrations of coarse particles) and p (the over-
all volume concentration:of the solid phase)], which agrees with the results of [2] for particles of two sizes.
In addition, the table indicates that the mass flow and energy flow of fine particles also increase when there
is a rise in the relative concentration of coarse particles.

TABLE 1. Mass Flow of Fine Particles from a Bed for 2
Fluidization Mode in Which Medium Particles Are

Suspended
No. Ps l Pa ‘ ps ‘ A ’ Qs
1 0,15 0,20 0,15 0,0585 0,00890
2 0,10 0,25 0,15 0,0446 0,00887
3 0,15 0,25 0,10 0,0372 0,00834

152



TABLE 2. Mass Flow of Fine and Medium Particles from a Bed
for a Fluidization Mode in Which Coarse Particles Are Suspended

No, [ ' Ps [ ’ w, /v w,/0 Ji i Js l Q Qs
1 0,150,201 0,15 0,46 0,106 | 0,0689 | 0,021 0,00146 | 0,000232
2 0,100,251 0,15 0,496 0,169 | 0,0496 | 0,042 | 0,0122 | 0,00121
3 |0,1510,25] 0,10 0,444 0,11 0,0662 | 0,0275 | 0,0013 | 0,00033

In the general case where particles of type j are suspended, i.e., wj = 0, the velocity of particles of

type i is given by
af; () ]
w=|1——" o
! [ ‘ a?fi(’”)

Calculated results for the quantities wy /v, wo/v, Ji, J3, @, and Q; are given in Table 2 for the case
where particles of type 3 are suspended.

As follows from the results given, entrainment of particles in the fine fraction decreases both with de-
crease in the concentration of particles in this fraction and also with decrease in the concentration of coarse
particles. The total entrainment of fine and medium particles is held practically constant when there is a
fixed concentration of coarse particles, and the total flow of fine and medium particles increases with a2 re-
duction in the concentration of coarse particles (with the overall concentration of the solid phase held fixed).

Thus, the relations presented and analyzed provide an opportunity to evaluate the effect of fractional
composition on the amount of particle entrainment for various modes of fluidization.

NOTATION

u, coefficient of flow viscosity; a, radius of solid particle; v, flow velocity; w, velocity of solid parti-
cles; p, volumetric fraction of solid phase in the medium; 0,5 0,5 P, concentrations of fine, medium, and
coarse particles, respectively; a,, a,, as, radii of fine, medium, and coarse particles; w;, velocity of fine
particles; Ji, mass flow of fine fraction; Qi, energy flow of fine fraction.
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