CALCULATION OF THE FIELD OF STATIC
CHARGES IN FLUIDIZED-BED DEVICES

V. K. Abramyan and T. F. Grishina UDC 621.317.1:537.22

A procedure is proposed for calculating electrostatic fields of charged particles of the work-
ing material in fluidized-bed devices by using experimental data on the volumetric distribu-
tion of charged particles in the apparatus.

An estimate of the danger of static electrification and breakdown in the treatment of dielectric ma-
terials in a fluidized bed in the final analysis involves the calculation of the electrostatic field in the appa-
ratus. Commonly used devices have grounded metal frames. Therefore, the electrostatic field is calcu-
lated in the volume within the inner surface of the device. The problem consists in calculating the electro-
static field from a given volumetric distribution of the charge of the working material of the bed. It reduces
to the integration of Poisson's equation and is solved for specified boundary conditions which are deter-
-mined from the conditions of the technological process and the structural features of the given device.

At the pregent time is impossible to calculate the density distribution of the working material over the
volume of the apparatus and its time fluctuations [1, 2]. This makes it impossible to calculate the volu-
metric charge dengity and its distribution from a known value of the average charge of the particles of the
working material. It thus becomes necessary to determine the volumetric charge distribution and its fluc-
tuations experimentally in each particular case.

We have measured the indicated parameters in a fluidized-bed device. A schematic diagram of the
arrangement for measuring the charge distribution in a fluidized bed of dry granular polymeric materials
is shown in Fig. 1. The device is conical in shape, is made of plastic, and has the following dimensions: d,;
=0.19m,d, =0.4 m, H=1.0 m. The apex angle of the cone o= 7°. The fraction of the cross~-sectional
area of the metal distribution grid which is clear is § = 0.203. Atmospheric air with controlled humidity
was chosen as a fluidizing agent, The metal grounded cap was lowered in order to approach production
conditions as clogsely as possible inside the shell of the apparatus. The working material was mark PSB
polystyrene beads 1.05-2.5 mm in diameter.

Polystyrene was chogen as the working material because it is only slightly hygroscopic and is not
readily contaminated. These factors are particularly important from the point of view of the reproducibility
of the results of measurements of charges of static electricity in the fluidized bed.

An induction method was used to measure the volumetric distribution of the charges of the particles
of the working material in the fluidized bed. Induction trangducers recorded the number of passing parti-
cles, their charges, and local velocities [3, 4]. This method eliminates the appreciable distortion of the
hydrodynamics of the process caused by the insertion of the transducer into the bed, gives results which
are convenient to process, and makes relatively modest demands on the quality of the electrical insulation.

The transducer 2 (Fig. 1) consists of a square metal frame filled with foil 0.1 mm thick. The foil is
covered with a layer of insulating lacquer over which is applied an Aquadag screen which is grounded to
eliminate the effect of the external field. The effective height of the transducer for which a passing particle
induces a charge on the frame turned out to be 0.15 mm, permitting its use for small porosities of the bed.
The dimensions of the frame were determined by starting from the requirement that the device not measure
charges of several particles simultaneously, counting them erroneously as the charge of one particle [3].
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Fig. 1. Schematic diagram of fluidized-bed device with measuring instruments. 1) Device; 2)
transducer; 3) U4~1 constant and alternating voltage amplifier; 4) EO-7 oscillograph.

Fig. 2. Volumetric charge-density distribution in a fluidized-bed device. Data of bed: wgip
= 2.9 m/sec, dp =2.2 mm, ¢ = 70%. The numbers in parentheses are the porosity of the bed;
the numbers without parentheses are the charge densities o + 107* C/m®; H and r are in meters.

In order that the probability of simultaneously finding two or more particles in the volume in which the
incident charged particles will be recorded by the transducer be no more than 5% of the probability of find-
ing one particle, it is necessary that

QR L0.1, 1)

For particles of the working material having a diameter d, = 2.2 mm the length of an inside edge of the
frame of the transducer was 2.6 mm. By placing the transducer frame in the x, y, and z directions all the
particles at the transducer location moving in any direction can be taken into account. For example, the
concentration of particles along the x axis is given by

N,
b= (2)
@po g
The true concentration of particles is
o= by by - by 3)

Using the calibration curve of the transducer the average charge of particles along the x, y, z axes and
the volumetric charge density in the bed are determined by the expression

0 =kqay “)

The method of measurement consists in the following: The transducer is placed at the point of mea-
surement (25 such points were chosen in the device) (Fig. 2) and the signal from the transducer is ampli-
fied by amplifier 3 and recorded by the oscillograph 4. The oscillograph screen ig photographed with a
motion-picture camera and the film is used to determine the number of pulses per unit time and the pulse
width and height. These are input data for compiling a program to calculate the concentration, velocities,
and average charges of the particles. The results of the measurements were processed on an ODRA-1204
computer, On the basis of the results obtained a picture of the volumetric charge distribution in the device
under study was constructed (Fig. 2). It is the input for calculating the electrogstatic field in the apparatus.
Since this particular conical device has an apex angle a = 7°, it can be treated as a cylinder, simplifying
the calculation. In this case it is convenient to write Poisson's equation in cylindrical coordinates.

Because of the symmetry of the problem we assume that the potential does not depend on ® and that
8%U/0@% = 0. Then we have

U, 1 U U p (5)

= = =
ot r or 92 &
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Fig. 3. Field intengity and potential ag functions of height of bed. 1)
U=f(z)atr=0;2) E=f(z)atr=0.1 m. E isin V/m and Uis in V.

Fig. 4. Time dependence of charge density; 1) py(t) and 2) p,(t) at
the center and at the wall of the apparatus at a height H = 0.195 m.
p+10~* is in C/m® and t is in sec.

In solving Eq. (5) it is assumed that the radius of the apparatus R = 1 and the height H is arbitrary except
that R<«< H. Equation (5) is solved for specified boundary conditions: 1) z=0, U=0;2) r=R = 1, U=0o0n
the surface of the cylinder; 3) z = «; U = 0; 4) the apparatus is considered as an infinite cylinder. To solve
the problem we expand the function p(r, z) in a series of Bessel functions,

oo

0l 9= N ay @) Jylxy), ®)
n=1
where the expansion coefficients are
)= —2 ( J
a. (2) = 7 »
" ()l érp Db )

and the xp are the roots of the Bessel function., Then the expansion of the potential will be

001
0, 2= X by()J,(xr). 8)
=1
It satisfies Eq. (5) and therefore the coefficients are found in terms of the known ap(z) from the equation
b (2) — x5b, (2) = — @m@ (9)
80 .

We consider the special case whenp(z) varies exponentially. This case corresponds to the distribu-
tion p(z) = poe'ﬁz in the main area of the fluidized bed. Then

20,6782

a_(?)= ,
n®) ENATA
and Eq, (9) takes the form
" ) 90,682
bu(d) — x2b, (&) = — e Xp“J o (10)
'Yl 'n
The solution of the eq(xation has the following form:
' sz 2p,e—5%
b (2) = Ceen* + 5 0
" : gy (— B Xy (xp
Using the initial condition b, (0) = 0 we obtain, finally,
’ ' 29 —Bz —x_2
b, (2) = 5 0 [ —en ] (1)
n® & (n— B?) 2y (%)
or
‘”1 20474 {x91) —pz —x.z 12
Vr,z=) [ —e ] (12)
2 0 (h— BY) 3l ()

=]
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The calculation can be simplified by determining the average value of the potential over a horizontal cross
section of the bed by integrating Eq. (8). Then we obtain

1
- oo 2n S‘ rd g (x,r) dr
Ug) = E by(2) e - .

n=1

The integral is expressed in terms of the first~-order Bessel function and we obtain, finally,

U@ =2 V28 g o).

n
ne=|
Substituting by(z) into the solution of Eq. (10), we obtain
- B * -ﬁz___ —X 7
Uig - N £ =00
€, ‘ﬁ';'x‘ X (i — B%)
or
. 40, | T 1 ® e’ )
U@) =00 | e § —}‘ T | - 13)
A - ey PE—Ta

If v ig constant over the whole volume of the apparatus 8 =0 and

~ 4p, | < SALE ]
Vo=V =V : 14
O e 4
By using Eqs. (12), (13), and (14} the potential at any point inside the apparatus can be calculated from the

charge-dengity distribution. By processing the experimental data on the charge distribution in the main
area of the fluidized bed (Fig. 2) p(z) can be written in the form

p(2) = 14. 1074754,

Figure 3 shows the calculated potential and field-intensity distributions over the height of the bed at the

wall of the apparatus. They enable ug to judge the maximum value of the field intengity which determines
the condition for the breakdown of the medium and the production of an electrical discharge. Figure 4 shows
the time dependence of the charge density at the point r=0, H=0.195 m and at r = 0.1 m, H =0.195 m.

The graphs show that in practice the field intensity in the apparatus does not reach the breakdown
value. However, thig does not prove that there are no electrical discharges in the apparatus. An oscillo-
graphic investigation shows that the particles of the working material discharge to the frame of the appara~
tus by gas discharge. Since the charges of the particles of the bed are measured in the presence of elec~
trical discharges in the apparatus, they are limited by the field intensity which maintaing a gas discharge
in the bed. It always turns out to be smaller in magnitude than the initial field intensity at which breakdown
begins [6]. Therefore, the field intensity calculated from the experimental values of the particle charges
does not reach its breakdown value. The nature of the time pulsations of charge density about its average
value shown in Fig. 4 is of great practical importance. This is explained by the fact that the field intensity
which leads to the production of an electrical discharge is characterized by the instantaneous rather than
by the average value. The charge-density pulsations characterize the error in estimates of the danger of
static electrification in apparatus based on the average value of the field intensity in the bed,

NOTATION
£y is the dielectric constant of air;
o is the volumetric charge density;
R is the radius of apparatus;
H is the height of apparatus;
Q is the volume in which charged particles willbe recorded by transducer;
k is the concentration of particles at point of measurement;
N is the number of pulses per unit time on oscillogram;
W is the velocity of particles at point of measurement;
Sp is the area of active cross section of frame;
dav is the average charge of particles;
v is the potential in a uniform medium;
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Jo(xpT) is the zero-order Bessel function;

J{(xpr) is the first-order Bessel function;

Xp are the roots of Bessel function;

T,z are the arbitrary quantities;

an(z), bp(z) are the coefficients in differential equation;
E is the field intensity;

t is the time;

dp is the particle diameter;

\ 4 is the air velocity;

@ is the humidity of air, %.
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