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The distribution of solids over the height and cross section of a counter-
flow baffled gas-suspension chamber has been investigated by the
beta-ray method. The particles are decelerated by introducing spiral
mesh baffles.

Starting from the penetrating power of the radiation
and the expected concentration of solids in the appa-
ratus, as the radiation source we chose a BI-1 stan-
dard beta emitter (a strontium 90 + yttrium 90 prepa-
ration with maximum energy E, 55 = 2.18 MeV).

When f-radiation passes through a layer of matter,
the change in the intensity of the radiation can be ap-
proximately (up to about x = 7/p) described by the
equation

N =Ny Mx, (1)

It has been experimentally established [1] that the
ratio M;/p depends only slightly on the chemical com-
position of the absorber. This ratio is called the mass
absorption coefficient My, and is determined from the
formula Mp, = 22E_1-%,

In the case of quartz sand the My, for the beta emis-
sion of Sr’’ + Y* is equal to My, = 22-2.18" %% = 7.8
cm’/g, whence M; = M p = 7.8+1.6 = 12.5 cm~%, where
p=1.6 g/cm3 is the bulk density of the investigated
fraction.
~ Knowing the linear attenuation factor M, and the
beta particle flux in the absence of an absorber N
and after passage through the absorber N, we can de-
termine from (1) the thickness of the irradiated layer

and then the linear concentration:

_ lnNo—lnN. @)
M,

To check (2) we performed calibration tests. We
first measured the intensity of the radiation N, passing
through the empty channel and then the intensity of the
radiation passing through a layer of sand of varying
thickness. During each experiment (duration 1 min)
we measured the background Ny,. In accordance with
Fig. 1, the discrepancies between the experimental
and calculated data do not exceed 3% at x = 0.3 cm.

The experimental apparatus consisted of a "baffled
gas-suspension” rig, a type PP-8 radiometer, and
BI-1 g-radiation source. The "baffled gas-suspension”
rig is described in [2].

The air velocity in the chamber was varied from 0
to 1.3 m/sec. The granular charge, whose flow rate
was varied from 500to 1240kg /hr, entered the chamber
through a perforated sliding plate in a direction opposite
to that 'of the air stream. In addition to estimating
the distribution of solids over the height and cross
section of the chamber in various operating regimes
with and without (free suspension) various spiral baffles,
we studied the effects of these factors on the aerody-
namic drag Ap of the chamber.

The experimental data obtained in [2] enabled us to
establish the optimal variants and geometric charac-
teristics of the spiral baffles used in that research.
For the mechanical deceleration of the falling particles
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Fig. 1. Calibration curves (a: 1—calculated, 2—experimental;
x in ecm) and distribution of measuring points (b).
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Table 1

Geometric Characteristics of the Spiral Mesh Baffles

Tye of mesh Fye de |Pitchofsprial,| Angle of in- | Number of de/dp
opening mm clination «® turns n
Square (woven
mesh) 0.66 2.2 150 8 5.33 3.66
Round (punched .
mesh) 0.327 5.0 150 8 5.33 8.33
we used the two spiral mesh baffles whose geometric g0 H, P'”q v
characteristics are given in Table 1. As the granular 2o ° ! b /"/
charge we used fractionated quartz sand with dp = R % ,’s/ Pi.
= 0.6 mm. nr i ) q‘//a/
The radiation source and the photomultiplier unit T 720 yd /,/:/
were placed in lead containers to reduce the back- °— ; 2 t//’
ground and diffuse radiation. In order to create a 20 «— 3 %&
. . . L3
narrow beam,coaxial cylindrical channels (collimators) 0 L % 8
B v 2 4 n

with openings 5 mm in diameter were formed in the-
lead containers. At the measuring points through
openings 5 mm in diameter were formed coaxially
with the emitter-receiver, which also improved the
collimation of the beam. The roller stand of a GUP-
type apparatus was used to stabilize the relative posi-
tion of the collimator axes and for the displacement,
relative to height and cross section, of the source-
receiver system. )

Irradiation was carried out between the turns of the
spiral baffle in three cross sections along the height
of the chamber and at 3—5 points in each section in
two mutually perpendicular directions (Fig. 1b). At
each point we measured the intensity of the radiation
Ny in the empty chamber. Then we created the neces-
sary counterflow gas-suspensionregime and measured
the intensity of the radiation N at the same point (not
less than 4-5 times). From the calibration curve (Fig.
la) we found the thickness of the irradiated layer x of
solid component and from theratio of the layer thick-
ness to the cross section of the chamber at the given
point we determined the linear particle concentration
Bi. We then constructed concentration distribution
diagrams over the height and cross section of the
chamber and by planimetry found the mean volume
concentration 5. For comparison, we also used the
rapid cutoff method, which enabled us to determine
the mean volume concentration 8. For the purpose
we installed cutoff valves at the chamber inlet and
outlet.

The standard deviation of the number of registered
particles can be estimated in accordance with [3]:
Gp = 100/(N7T)¥? where N is the counting rate, pps.
In our experiments N7 was on the order of 7000pulses,
whence Gy =+1.2%. During the motion of the disperse
flow Gy increased and at 8 = 38 -107% reached +3.33%.
Altogether we performed 24 series of experiments
with a total of 336 measured points.

The curves in Fig. 2a represent the distribution of
the linear concentration 8; over the height and cross
section of the chamber for the free and baffled suspen-

430
.
20 LA ¥

10

-,%’“/“\9\9

N
%0
w0 70 2w b,

Fig. 2. Diagrams showing the distribution of solids

over the cross section (a) and height of the chamber

as a function of the number of turns n of the spiral

baffle and Re (b) (87, B in m3/m3): a) 1—free suspen-

sion; 2—woven mesh de/dp = 3.66; 3—punched mesh

de/dp =8.33; b) 1—Re = 0; 2—Re = 2.03 - 103; 3—Re=
=2.86-10°%

sion, other things being equal. Varying the parameters
over the intervals Re = 0~2.86-10° and 4 = 1.24-2.91
kg - hr/kg- hr had no effect on the nature of the distri-
bution. In this case mechanical deceleration causes an
increase in the solids concentration by afactor of 2-3,
Since the particles now fall by rolling along the turns
of the mesh and spilling through, the increase in dwell
time and hence the increase in concentration are per-
fectly natural. Aerodynamic deceleration of the falling
particles by the air counterflow increased the solids
concentration by only 20% as compared with the case
vy = 0). A further increase in air velocity above
1.9 m/sec led to entrainment of the particles. For the
free suspension the mean concentration over the cross
section did not vary along the height of the chamber,
which indicates the rapid onset of uniform motion in a
counterflow [4]. In the baffled suspension, how-
ever, the concentration did not remain constant with
respect to height, but the nature of the particle dis-
tribution over the cross section was the same as in
the free suspension—the curves are almost equidistant
with a maximum along the chamber axis and a sym-
metrical variation of concentrationtoward the periphery.
However, in accordance with Table 2, the degree of
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Table 2

Degree of Nonuniformity of Particle Distribution Over Chamber

.Free suspension Woven mesh dg/dp = 3.66 Punched mesh dg/dp, = 8.33
Re-10*
I I 111 1 it I 11 I
0 0-86310.832(0.825]| 0-805 0.814 0.740 0.787 0.750 0.633
2.03 |0-832]0.845|0.885] 0-803 0.770 0.840 0.610 0.650 0.600
2.86 (0.880{0-840/0.808| 0.814 0.722 0.785 0.620 0.740 0,690

Remark. I, II, and III denote the chamber cross sections.

Table 3
Concentration Data Obtained by the Cutoff Method and the f-Ray Method

g E ‘E ' Mean volume concentration 8- 10%, m? /m3:

= wa_ E Oa‘.&' e Cutoff method B-ray method

2281528 Ll

FEF|<E” w”Q’ 1 1 1 I 1 11

=

550 0 — 5.8 12.6 12.8 5.75 11.8 12.0
1026 0 — 9.6 22.3 22.0 9.64 20.6 20.2
608 | 374 1.64 6.53 15.6 14.4 6.35 14.5 14.0
1090 | 374 2.91 12.0 27.8 28.3 12.0 25.0 25-7
663 | 526 1.26 9.20( 225 24.0 8-90 21.0 22.0
1233 | 526 2.34 14-4 32.2 32.0 14.0 29.8 30.0

Remark. [--free suspension, II and III—baffled suspension, mesh de/dp respectively equal to 3.66 and 8.33.

nonuniformity of particle distribution over the cross
section, estimated from the ratio of the maximum to
the mean value of §j, is different. For flow decelera-
tion using a punched mesh the nonuniformity is much
greater than for a free suspension, and for decelera-
tion using a woven mesh approximately the same. It
is important to note the effect of the number of baffles
on the variation of the mean concentration, which
could be estimated thanks to the use of the B-ray
method. In accordance with Fig. 2b, each successive
turn of the spiral baffle increases the concentration.
Beyond the first turn the dependence is linear; the
slope depends on the Re number and also on the geom-
etry of the mesh. The use of a punched mesh with

Fyc = 0.327 and dg/dy, = 8.33 gives the same decelera-
tioneffect as a woven mesh with Fy¢ = 0.66 and de/dp =

= 3,66 (Fig. 2a). This result can be attributed to the
opposite effect of Fy and de/dp on the increase in
the dwell time of the mass of particles in the air flow.
However, woven mesh is to be preferred, since
punched mesh causes a deterioration in the uniformity
of distribution of the charge and creates a greater
resistance to the passage of air. The results obtained
by B-ray irradiation in mutually perpendicular direc-
tions showed that the concentration distribution is
symmetrical.

The transparent chamber also enabled us to make
visual observations. The formation on the mesh of an
undeveloped fluidized moving bed distributed over the
turns of the spiral is typical. The motion of the par-
ticles alternates with spilling through the mesh open-
ings onto the lower turns of the spiral. The thickness
of the fluidized bed fluctuates with the particle flow
rate, the air velocity in the chamber, and the type of
mesh. The maximum thickness reached about 25—30 dp
on a mesh with de/dy, = 8.33. '
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The results of determining the mean volume con-
centration § over the chamber, obtained by the cutoff
method and the S~-ray method, are summarized in
Table 3 (the discrepancies do not exceed 10%). The
values of 8 obtained by the S-ray method give results
that are somewhat too low, since the increase in con-
centration due to fluidization of the particles on the
turns of the mesh was not taken fully into account.
Determination of 8 for a nonuniform supply of solid
phase over the chamber cross section (the particles
were introduced centrally through two openings 25 mm
in diameter) revealed the equalizing effect of the spiral
baffle. However, at n = 5.33 it was not possible to
achieve total uniformity of distribution.

The pressure loss Ap of the air flow in the chamber
for a free and a bhaffled gas suspension was de-
termined using static taps in the upper and lower parts
of the chamber and an MMN micromanometer grad-
uated in 0.2 kg/mz. According to Fig. 3, the use of
mesh baffles causes an increase in the resistance to
the passage of air, which is attributable to the in-
creased blocking of the chamber and a local increase
in velocity. The resistance of the baffles is a function
of the number of turns and the useful cross section of
the mesh. The ratio de/dp characterizes the degree
to which the passage of particles through the mesh
openings is restricted and the extent to which the mesh
blocks the passage of air. The first factor increases
the mechanical deceleration, while the second creates
the conditions for the nonuniform distribution of air
over the chamber cross section leading to an increase
in the mechanical deceleration effect. Asthe flow-rate
concentration u increases, so does the aerodynamic
drag of the chamber, which isnatural since the number
of particles simultaneously in the chamber increases.
This relation is shown in Fig. 3 as a continuous line.
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Fig. 3. Pressure loss (kg/m? as

a function of concentration (kg/

hr /kg/hr) (a—Ap/Apg): 1) free

suspension; 2) woven mesh; 3)
punched mesh.

However, the relative pressure loss Ap/Apg (Apg is
the resistance of the chamber without a charge) is
less than in the free suspension.

The possibilities of increasing the efficiency of
counterflow disperse systems using spiral mesh baf-
fles are not exhausted by the data presented. Thus,
in [2] in the rolling-spilling regime at dg/dp = 1.1
and Fyc = 0.327 the residence time of the particles
increased approximately by a factor of 18, which is
chiefly attributable to the increase in the period of
rolling along the turns of the spiral. As a result of
the improved aerodynamics in a chamber with a mesh
opening diameter dg = 2.8 mm, i.e., dg/dp = 4.66,
Fuc = 28%, it proved possible to achieve an increase
in the particle residence time by a factor of approxi-
mately 9.

The use of the f-ray method to estimate the varia-
tion of the true concentrations over the cross section

and height of a counterflow chamber enabled us to
detect an increase in true concentration along the path
of the particles and a fairly uniform distribution of
the particles over the cross section, and to confirm
the desirability of using mesh with a small de/dpratio
and a large useful cross section. The latter alsomakes

-possible a significant reduction in aerodynamic drag

(Fig. 3).

For a complete evaluation of the proposed method
of mechanical deceleration it will subsequently be
necessary to obtain data on the heat transfer in such
systems.

NOTATION

N is the beta flux; Bl m is the linear mass S-flux
attenuation factor; x is the thickness of the absorber;
p is the density; dy is the particle size;deisthe equiv-
alent diameter of the openings; v, is the air velocity;
ve is the critical velocity; Fye is the useful cross
section; B is the volume concentration; Ap is the pres-
sure drop; p is the flow-rate mass concentration; H,
is the height of the chamber.
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