
C A L C U L A T I O N  OF T H E  F I E L D  OF S T A T I C  

C H A R G E S  IN  F L U I D I Z E D - B E D  D E V I C E S  
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A procedure  is proposed for calculating e lect ros ta t ic  fields of charged par t ic les  of the work-  
ing mater ia l  in fluidized-bed devices by using experimental  data on the volumetr ic  dis t r ibu-  
tion of charged par t ic les  in the apparatus.  

An est imate of the danger  of static e lectr i f icat ion and breakdown in the t rea tment  of dielectr ic  ma-  
ter ia ls  in a fluidized bed in the final analysis  involves the calculation of the e lec t ros ta t ic  field in the appa- 
ratus.  Commonly used devices have grounded metal  f r ames .  Therefore ,  the e lec t ros ta t ic  field is calcu-  
lated in the volume within the inner surface of the device. The problem consists  in calculating the e lec t ro-  
static field from a given volumetr ic  distribution of the charge of the working material  of the bed. It reduces  
to the integration of Po i s son ' s  equation and is solved for specified boundary conditions which are  de te r -  
mined  f rom the conditions of the technological p rocess  and the s t ructura l  features  of the given device.  

At the present  time is impossible to calculate the density distribution of the working mater ia l  over the 
volume of the apparatus  and its time fluctuations [1, 2]. This makes  it impossible to calculate the volu- 
met r ic  charge density and its distribution from a known value of the average charge of the par t ic les  of the 
working mater ia l .  It thus becomes  neces sa ry  to determine the volumetr ic  charge distribution and its f luc- 
tuations experimental ly  in each par t icu lar  case.  

We have measured  the indicated pa rame te r s  in a fluidized-bed device. A schematic diagram of the 
a r rangement  for measur ing  the charge distribution in a fluidized bed of dry  granular  polymeric  mater ia l s  
i s  shown in Fig. 1. The device is conical in shape, is made of plastic,  and has the following dimensions:  d 1 
= 0.19 m, d 2 = 0.4 m, H = 1.0 m. The apex angle of the cone ~ 7 ~ The fraction of the c ross - sec t iona l  
a rea  of the metal  distribution grid which is c lea r  is 5 = 0.203. Atmospheric  a i r  with controlled humidity 
was chosen as a fluidizing agent. The metal grounded cap was lowered in order  to approach production 
conditions as  closely as possible inside the shell of the apparatus.  The working mater ia l  was mark  PSB 
polystyrene beads 1.05-2.5 mm in diameter .  

Polys tyrene  was chosen as the working mater ia l  because it is only slightly hygroscopic and is not 
readily contaminated.  These fac tors  are  par t icu lar ly  important  f rom the point of view of the reproducibil i ty 
of the resul ts  of measuremen t s  of charges  of static e lec t r ic i ty  in the fluidized bed. 

An induction method was used to measure  the volumetr ic  distribution of the charges  of the par t ic les  
of the working mater ia l  in the fluidized bed. Induction t r ansduce r s  recorded  the number of passing par t i -  
c les ,  the i r  charges ,  and local veloci t ies  [3,4] .  This method el iminates  the appreciable distort ion of the 
hydrodynamics  of the process  caused by the insertion of the t ransducer  into the bed, gives resul ts  which 
are  convenient to process ,  and makes  relat ively modest  demands on the quality of the e lect r ical  insulation. 

The t ransducer  2 (Fig. 1) cons is t s  of a square metal  f rame 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 t ransducer  for  which a passing part icle 
induces a charge on the f rame turned out to be 0.15 mm, permitt ing its use for small  porosi t ies  of the bed. 
The dimensions of the f rame were determined by start ing from the requirement  that the device not measure  
charges  of severa l  par t ic les  simultaneously,  counting them erroneously  as the charge of one particle [3]. 
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Fig. 1 Fig. 2 

Fig. 1. Schematic diagram of fluidized-bed device with measuring instruments. 
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1) Device; 2) 

t r a n s d u c e r ;  3) U4-1 c o n s t a n t  and a l t e r n a t i n g  vo l t a ge  a m p l i f i e r ;  4) EO-7  o s c i l l o g r a p h .  

F i g .  2. V o l u m e t r i c  c h a r g e - d e n s i t y  d i s t r i b u t i o n  in a f l u i d i z e d - b e d  d e v i c e .  Data of bed:  Wai r 
= 2.9 m / s e c ,  dp = 2.2 ram,  ~0 = 70%. The n u m b e r s  in p a r e n t h e s e s  a r e  the p o r o s i t y  of the bed;  
the n u m b e r s  wi thout  p a r e n t h e s e s  a r e  the c h a r g e  d e n s i t i e s  p �9 10 -4 C/m3; H and r a r e  in m e t e r s .  

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 

Qk ~ 0.I. (1) 

F o r  p a r t i c l e s  of  the work ing  m a t e r i a l  hav ing  a d i a m e t e r  dp = 2.2 m m  the length  of an i n s ide  edge  of the  
f r a m e  of the t r a n s d u c e r  was  2.6 r am.  By p l a c i n g  the t r a n s d u c e r  f r a m e  in the x, y,  and z d i r e c t i o n s  a l l  the 
p a r t i c l e s  a t  the t r a n s d u c e r  l oca t i on  mov ing  in any d i r e c t i o n  can  be t aken  into accoun t .  F o r  e x a m p l e ,  the 
concentration of particles along the x axis is given by 

k ~ =  N~ (2) 
wpSf 

The true concentration of particles is 

k = k.~ + kv : -  k;. (3) 

Us ing  the c a l i b r a t i o n  cu rve  of the t r a n s d u c e r  the a v e r a g e  c h a r g e  of p a r t i c l e s  a long  the x, y, z axes  and 
the v o l u m e t r i c  c h a r g e  d e n s i t y  in the bed a r e  d e t e r m i n e d  by the e x p r e s s i o n  

p = kq av. (4) 

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 is 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 electrostatic field in the apparatus. 
Since this particular conical device has an apex angle ~ ~ 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 
02U/002 = 0. Then we have 

OW ~ 1 OU_~ O~U ~ (5) 
Or ~ r Or Oz 2 % 
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F ig .  3. F ie ld  in tens i ty  and potent ia l  a s  funct ions  of height  of bed. 1) 
U = f ( z )  at r =  0; 2) E = f ( z )  a t r = 0 . 1 m .  E is i n V / m  and U i s i n V .  

F ig .  4. T ime  dependence  of c h a r g e  dens i ty ;  1) pl(t) and 2) p2(t) at  
the c e n t e r  and at the wall of the appa ra tu s  at  a height  H = 0.195 m. 
p ' 1 0  -4 is in C/m 3 and t is in s ec .  

In solving Eq. (5) it is  a s s u m e d  that  the rad ius  of  the appa ra tus  R = 1 and the height H is a r b i t r a r y  except  
that  R<< H. Equat ion (5) is solved f o r  speci f ied  boundary  condi t ions:  1) z = 0, U = 0; 2) r = R = 1, U = 0 on 
the su r f ace  of the cy l inder ;  3) z = ~ ;  U = 0; 4) the a p p a r a t u s  is cons ide red  as an infinite cy l inde r .  To solve 
t h e  p rob lem we expand the function p(r ,  z) in a s e r i e s  of Bes se l  funct ions ,  

0 (r, z) = ~ % (z) Jo (x~,r), (6) 
n ~ l  

where  the expans ion  coef f ic ien t s  a re  
! 

a n (z) = 2 f [J1 ( - - ~ n ) ]  ~ ,J rp (r, z) Jo (xar) dr, (7) 
0 

and the x n a r e  the roo t s  of the B e s s e l  funct ion.  Then the expans ion  of  the potential  will be 
ov 

v (r, z) = z,~ ~ bn (z) Jo (xar). (8) 

It s a t i s f i e s  Eq. (5) and t h e r e f o r e  the coef f i c ien t s  a r e  found in t e r m s  of the known an(Z) f r o m  the equation 

b~(z)--x~b,(z) an(z) (9) 
8 0 

We c o n s i d e r  the spec ia l  ca se  whenp(z)  v a r i e s  exponent ia l ly .  This  ca se  c o r r e s p o n d s  to the d i s t r i b u -  
t ion p(z) = P0e-fi z in the ma in  a r e a  of the f lu idized bed. Then  

an(Z ) = 2Poe-I~z 
xaJ1 (X n) ' 

and Eq. (9) t akes  the f o r m  

0n(Z) - -  ~ b~ (~) = 

The solut ion of the equat ion has  the fol lowing f o r m :  

bn(Z ) = C2e-Xn z + 

Using the init ial  condi t ion  bn(0) = 0 we obtain,  f inal ly,  

2Po % (z) = 

or  

2poe-tB2 

2Poe'-l~ z 
2 

(10) 

[e -pz - -  e -xnz ] (11) 

Z 2p0J0 (xnr) [e -~z - -  e-'~a z ]. (12) 
V (r, z) = e o (x~ - -  ~2) xnJ1 (x n) 
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The calculation can be simplified by determining the average value of the potential over  a horizontal c ross  
section of the bed by integrating Eq. (8). Then we obtain 

! 

r 2~ .f r J0 (xnr) dr 

(z) = On(Z) 0 

n = l  J'l; 

The integral is expressed in t e r m s  of the f i r s t - o r d e r  Bessel  function and we obtain, finally, 
00 

5 (z) = 2 Z :1 (_~) bn(z). 
X n 

n = l  

Substituting bn(z) into the solution of Eq. (10), we obtain 

tJ (z) ~- 4P~-t Z e-~ - -  e-Xn~ 

o r  

0 ( z ) =  4P----A-~ i e-~ ~ 
% [ �9 ) . o 2 2 2 

If 0 is constant over the whole volume of the apparatus B = 0 and 

0 (z) = 4p~ I ~-~ i 
--  "-4 4 l *  eo = Xn ~ Xrl  

(13) 

(14) 

By using Eqs.  (12), (13), and (14) the potential at any point inside the apparatus can be calculated from the 
charge-dens i ty  distribution. By process ing the experimental  data on the charge distribution in the main 
a rea  of the fluidized bed (Fig, 2) p(z) can be written in the form 

p (z) = 14.10-~e -s'4~*. 

Figure 3 shows the calculated potential and f ield-intensi ty distr ibutions over  the height of the bed at the 
wall of the apparatus .  They enable us to judge the maximum value of the field intensity which de termines  
the condition for the breakdown of the medium and the production of an e lect r ical  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 pract ice the field intensity in the apparatus does not reach the breakdown 
value. However,  this does not prove that there are no e lec t r ica l  d i scharges  in the apparatus .  An osci l lo-  
graphic investigation shows that the part icles  of the working mater ia I  discharge to the f rame of the appara-  
tus by gas discharge.  Since the charges  of the par t ic les  of the bed are  measured in the presence of e lec-  
tr ical  d i scharges  in the apparatus,  they are  limited by the field intensity which maintains a gas  discharge 
in the bed. It always turns out to be smaI le r  in magnitude than the initial field intensity at which breakdown 
begins [6]. Therefore ,  the field intensity calculated from the experimental  values of the par t ic le  charges  
does not reach its breakdown value. The nature of the time pulsations of charge density about its average 
vaIue 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 e lect r ical  discharge is charac te r ized  by the instantaneous ra ther  than 
by the average value. The charge-dens i ty  pulsations charac te r ize  the e r r o r  in es t imates  of the danger  of 
static electr if icat ion in apparatus based on the average  value of the field intensity in the bed. 
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N O T A T I O N  

is the dielectr ic  constant of air;  
is the volumetr ic  charge density; 
ts the radius of apparatus;  
ts the height of apparatus;  
ts the volume in which charged par t ic les  willbe recorded by t ransducer ;  
is the concentrat ion of par t ic les  at point of measurement ;  
ts the number of pulses per  unit t ime on osci l logram;  
is the velocity of par t icIes  at point of measurement ;  
ts the area  of active c ros s  section of f rame;  
ts the average charge of par t ic les ;  
is the potential in a uniform medium; 
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J0(Xn r) 
J~(xnr) 
X n 

r ,  z 
an(z), bn(z) 
E 
t 
dp 
W 

is the z e r o - o r d e r  Besse l  function; 
is the f i r s t - o r d e r  Besse l  function; 
a re  the roots  of Besse l  function; 
a re  the a r b i t r a r y  quantities; 
a re  the coefficients in different ia l  equation; 
is the field intensity; 
is the time; 
is the par t ic le  d iameter ;  
is the a i r  veloci ty;  
is the humidity of a i r ,  %. 

1.  

2. 
3. 

4. 

.5 .  

6. 

L I T E R A T U R E  C I T E D  
/ 

M. E. A~rov and O. M. Todes,  Hydraulic and Thermal  Pr inc ip les  of Operation of Devices with a Sta- 
t ionary and Fluidized Granular  Bed [in Russian], Khimiya, Moscow (1968). 
M. Leva, Fluidization,  New York (1959). 
I. M. Imyanitov,  Ins t ruments  and Methods for  Measuring Atmospheric  Elec t r ic i ty  [in Russian], 
Gostekhizdat,  Moscow (1957). 
V. K. Abramyan and R. Kh. Bekyashev. Author 's  Cer t i f icate  No. 331314; Byull. Izobret . ,  No. 9 
(1972). 
G. N. Watson, Theory  of Besse l  Funct ions,  Cambridge Universi ty P r e s s .  
J .  M. Meek and J. D. Craggs,  E lec t r i ca l  Breakdown of Gases,  Clarendon, Oxford (1953). 

1110 


