NOTATION

¢, concentration; A, D, 7, B, coefficients of thermal conductivity, diffusion, dynamic viscosity, and
volume expansion; p, density; «, thermodiffusion constant; T, mean temperature in operational gap; AT,
temperature difference; » =o/H; o, column performance (extraction); V(ce, C(), value function, see (16a); g=ce (1—
co/col — ce); H=agp?36°(AT)™B/6InT, H*, see (@); ye =504 anDL/pgpo'T, y&, see @); 6, gap; L,
column length; a, thermaldiffusivity. Indices: 0, initial state; e, value near the refining end of column.
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DYNAMICS OF PARTICLES IN A SPIRAL FLOW

V. I. Korobko, V. F. Grekov, " UDC 532.529
and V. K., Shashmin :

Dynamic characteristics have been derived for particles falling under gravity in a spiral heat-
carrier flow.

Many theoretical studies have been made on the motion of small particles in turbulent flows, of which
Chen's papers [1] form an important part.

‘Here we use Chen's equations [1] to determine the dynamic characteristics of a particle falling under
gravity in a spiral flow within a rotating drying drum. The calculations are compared with experiment for
particles falling in a homogeneous flow.

The equation of motion for a small spherical particle falling under gravity in a turbulent spiral gas flow
within a rotating cylindrical drying drum takes the form

¢ nd? -~

n — n — -— - —
e Pow= ?d3pg+ —2ipl 1 [, —1| (v, —v). 1)

Equation (1) is derived from Chen's equation [1] by neglecting forces related to the acceleration of the
fluid, as well as those due to the adjoint mass and the Basset force, which incorporates the history of the
particle acceleration; this is done because these forces are small if the fluid is of low speed (3-7 m/sec) and
the circumferential velocity is small vp=1 m/sec). Also, an assumption different from Chen's is that the
viscous resistance is proportional to the square of the relative velocity (x_r] —7¥) [2], with this force directed
against the flow direction if the particle moves faster than the liquid, and vice versa.

We solve (1) for W on the basis that cx = 0.5 [2], which gives

— ~>
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Fig. 1. Motion of particles within a rotating drum.
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Equation (2) has been written in terms of projections on the axes of the cylindrical coordinate system (x, r, ¥)
(Fig. 1); we have used expressions for the projections of the acceleration and velocity vectors in terms of
the radial component r° and the transverse one p? [3].

Let the drum rotate with angular velocity w; the following velocity distribution is obtained for the fluid
within the drum:

U, =0y =const, v, =0, v,=o0r {3)

The following dimensionless quantities are now introduced:

i=-X Gl = 8 o B P
Dqg Dg 2n vy N @)
v - v, = d - D
— _ Y9 R LA , g=g C;
O)Dd Dd Dd 14

Then (2) takes the following form in terms of projections on the directions 1% r’, and p® (Fig. 1) on the
basis of (3) and @):

dv,, 3 o 1 - — = @D -
X = .0 1 —vo 2——7,‘,-——- d _— 21____
dt 8 p d 1_/ ( ) T o (r Uw) ( U)
4y, = 3 —‘O—l—l—l/ Py ' de 0* Dy Bé
it 8 o d e o (r—ugf? v, + 3 — gcos (2m Q)
dvg 3 o 1 4 w? Dé 2 —r Z’(c 1 X _
4 B L T ST I . e LT oney G _
dt 8 o d 1 (I1—e)+v o (r—vg)* (r—0g) p D gsin (2ng), —=— =7,
dr - - dg _ '
L5, P 0D g (5)
dt t 2nv,

The last three equations have been written in accordance with the definitions of the velocity componen’cs
vx, Vr, and vy; also, the initial conditions are as follows:

t=0: - e (6)

The solution to (5) with the boundary conditions of (6) serves to define the position of the particle within
the drum in the spiral fluid flow, together with the components of the particle velocity, the path traveled, and
the time of fall, Time t is taken as the parameter.

The assumptions made in deriving (6) have been tested by calculating the characteristics of a particle
falling under gravity in a uniform fluid flow, and the results have been compared with experiment. In that
case, the equations of motion take the form

dx - dr - do, 3 o ST ==
= :UY, —.;—:Ur, S L o 1____ x2+ 2
a7 i At ~ 8d o Via—er +ox
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maximum range. The solid lines have been derived
by numerical solution of (7).
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Fig. 3. Distributions of the dynamic parameters for a
particle in a spiral flow (model No. 5) in relation to
timet (sec): a) velocity distributions (axial vy, radial
vy, and circumferential v¢); b) distance moved x, dis-
tance from drum axis r, and angle of rotation ¢ around
the x axis, rad/2r.
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The initial conditions (for T = 0) are as follows:

An M-220 computer was used to integrate (7) with the initial conditions of (8) by the Runge ~— Kutta method
to the fourth order of accuracy [4}; the time step in the integration was H = 0.005 sec. We perform calcula-
tions on 10 different models for a constant density p; = 1.225 kg/m? for the fluid, two particle densities p of
67.3 and 72.9 kg/m®, and five fluid speeds of v; =3, 4, 5, 6, 7 m/sec. The diameter of a particle in all cases
was d = 3 mm.

Figure 2a and b shows the calculated resuits for the projection of the distance traveled on the x axis,
i.e., the range traveled, in relation to the speed vy of the fluid and the particle density p.

Measurements were made on the distances traveled by the particle in relation to flow speed; we used
sunflower seeds of effective diameter d =3 mm [5] and densities p of 67.3 and 72,9 kg/m3. The working part
of the wind tunnel had a horizontal surface at the lower part of the injection nozzle, which was parallel to the
axis and which was covered with a layer of grease of thickness 3 mm, which served to define the points of in-
cidence of the particles. The upper part of the nozzle had a device for supplying the seeds, and when the seeds
emerged from this they fell under gravity in the working part of the tube onto the above plane. We used v; of
3, 5, and 7 m/sec. In each case we measured the distances traveled for 100 seeds, the range of distances
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Fig. 4. Particle range x in relation to
" physical properties, fluid speed (thenum- -
bers are those of the models from Table 1),
and time t.

TABLE 1. Physical Properties of Particles

Axial *| Fluid den- Fluid tem~ | Density p of
Model velocity vy, | sity P, kg/ | perature,°C | particles, kg/
number m /sec mi m3
1

1 4 9,45 ' 200 72,9

2 4 9,45 200 67,3

3 4 6,14 300 72,9

4 3 9,45 200 72,9

5 -5 6,14 300 72,9

6 6 9,45 200 72,9

7 6 6,14 300 72,9

8 7 9,45 200 72,9

9 7 6,14 300 72,9

being specified as the maximum value x5, and the minimum value x&,;,. The diameter of the nozzle was
Dg =1 m. Figure 2a and b shows the results, which agree satisfactorily with calculations from (7).

Consequently, (7) correctly reflects the behavior of particles in a uniform flow.

The assumptions involved in deriving (5) are the same as those for (7), but (5) is more general than (7),
since it describes the motion in three-dimensional space, where (5) and (6) also correctly reflect the motion
in a spiral flow,

We integrated (5) numerically by the Runge — Kutta method with an M-220 computer for the following
cases subject to the initial condition t = 0:

¥=0, r=1, ¢=0, v,=0,=0, v,=1. (9)
The diameter of a spherical particle was d = 3 mm; the drum diameter Dq = 2 m, and the speed of rotation
n =9 rpm, Table 1l gives the numbers of the models and the various characteristics,

Figure 3a and b shows the resuits for model No. 5 interms of the axial velocity vy, radial velocity vy,
and circumferential velocity vy in relation to time t (Fig. 3a), and also the distance traveled x, the distance
r from the axis of the drum, and the angle of cu‘cumferentlal displacement ¢(rad/27) in each case around the
x axis, in relationto timet (Fig. 3).

Figure 4 shows the distance traveled as a function of time t, the physical parameters of the fluid p;, the
axial velocity v;, and the particle density p. It is clear that for a constant fluid speed and fluid density (cases
1 and 2) the range increases as the particle density falls. At a constant speed and constant particle density,
the range increases as the temperature falls (models 1 and 3). Analogous conclusions follow from the results
for the other models, If the fluid speed is increased while all the physical parameters of the particles and
fluid otherwise remain unchanged, the range increases, which corresponds to the physical plcture of the be-
havior of a particle in response to a spiral flow and gravity.

NOTATION

d, spheridiameter; p, particle density; x_f: particle velocity vector; vy, vector for mean velocity of
heat carrier; w, particle acceleration vector; E, acceleration due to gravity; cx, resistance coefficient for
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a sphere; x, distance along the drum axis; r, distance from particle to drum axis; ¢, angle between vertical
axis and current radius-vector r; TY, unit radius-vector inthe T direction; pY, transverse direction; Dy,

" drum diameter; vy, projection of particle velocity in x direction; vy, radial velocity component; Vg, angular
velocity of particle; t, time; w, angular velocity of drum.
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PRESSURE DISTRIBUTION IN GAS FLOW IN THE
PRESENCE OF A FIBROUS FILTER IN THE CHANNEL

B. I. Ogorodnikov, V. I. Skitovich, UDC 536,24:532.526
and V..I. Khabarov

The characteristics of gas flow through a fibrous filter in the presence of supercritical pressure
drops are investigated.

Modern aerosol filters present porous systems of very long cylindrical fibers arranged in parallel
planes randomly [1]. Their hydrodynamics, in particular of FP filters [2], has been well studied for rela-
tively small velocities of the gas flows and small pressure drops at the filter [3-6]. For supercritical pres-
sure drops when the ratio of static pressure behind the filter P, to the total pressure in front of the filter P,
becomes smaller than 0.528 and the linear rates of filiration reach tens of meters per second, the gas flow in
fibrous filters has not been investigated.

Isentropic gas flow in cylindrical channel [7] is known, which is a limiting case of gas flow through a
filter whose resistance is equal to zero, The results of a computation of pressure distributions from the equa-
tion P; = £(Py, G) for different relative flow rates are given in Fig, 1 for the condition that the diameter of the
channel is much larger than the mean free path of the gas molecules. Two characteristic zones can be sepa-
rated out. In zone A, lying between straight lines I and II corresponding to equations P, = 0.528P; and P, = Py,
a decrease of P, for G = const results in a decrease of P;. In zone B, lying between the straight line I and the
ordinate, a change of P, for constant G does not effect Pj.

We introduce a quantity x that is equal to the ratio of P at any point on the curve P; = f(P,, G = const) to
the critical pressure P;* at the intersection of this curve with line 1. Then zone A would be characterized by
the values x > 1 while in zone B, x =1.

Gas flow in multipath channels, i.e., labyrinths which are used, for example, in tube-machine construc-
tion [8], is also known. If the number of stages in the labyrinth is large, then in spite of the supercritical
pressure drop between the input and the output of the labyrinth, the critical pressure drop at the last stage may
not be reached. As seen from Fig. 1, the flow in the labyrinth differs substantially from the flow in a cylin-
drical channel discussed above; in zone B, y is smaller than one. Thus, in spite of the supercritical pressure
drop in the labyrinth as a whole, the decrease for P, for G = const leads to a decrease of Py everywhere.
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