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The d ie lec t r ic  pe rmi t t i v i t y  and e l ec t r i c a l  conductivity of a d ie lec t r ic  ma t r i x  with spher ica l  
inclusions of meta l  a r e  calculated.  The theore t ica l  fo rmula  is ver i f ied  exper imenta l ly  and 
c o m p a r e d  with o ther  known fo rmu la s .  

S t ruc tura l ly  inhomogeneous m a t e r i a l s  consis t ing of s e v e r a l  phases  a r e  used in var ious  branches  of 
engineer ing.  Such m a t e r i a l s  include inhomogeneous and porous  d ie lec t r i cs  and also d ie lec t r i cs  with inclusions 
of conducting p a r t i c l e s .  The wide appl icat ion of many of these  m a t e r i a l s  is  impeded by a lack of informat ion 
on the i r  phys ica l  p r o p e r t i e s ,  and, in p a r t i c u l a r ,  the i r  e l ec t r i ca l  p rope r t i e s .  The e lec t rophys ica l  p rope r t i e s  
of mul t iphase  m a t e r i a l s  have been inves t iga ted  exper imenta l ly  [1,5], and a t tempts  at theore t ica l  calculat ion 
have been made [1-3, 6-13].  In [9-13], in pa r t i cu l a r ,  theore t ica l  fo rmulas  a re  p resen ted  for  the averaged  
p a r a m e t e r s  of a two-phase s y s t e m  consis t ing of a d ie lec t r ic  m a t r i x  with conducting inclusions.  The resu l t s  ob-  
tained depend ve ry  g rea t ly  on the model  of the s y s t e m  adopted: F o r  example ,  the fo rmu la s  for  the averaged  
p a r a m e t e r s  of the med ium der ived  in [9-11] a s sume  cubic conducting inclusions (Fig. l a ) ,  while those in [10, 
12, 13] a s sume  sphe r i ca l  inc lus ions .  

In the p r e s e n t  pape r ,  the d ie lec t r ic  pe rmi t t iv i ty  and e l ec t r i ca l  conductivity of a s y s t e m  consis t ing of a 
d ie lec t r ic  m a t r i x  with s p h e r i c a l  inclusions of me ta l  a r e  calculated.  The r e su l t s  obtained a r e  ve r i f i ed  ex p e r i -  
menta l ly ,  and prev ious ly  der ived  fo rmulas  a r e  examined.  

The model  of the two-phase  s y s t e m  used fo r  the calculat ions is as  follows. The sample  whose averaged  
p a r a m e t e r s  a r e  to be es tab l i shed  is  a cube of side 1 cm.  Hence i ts  e l ec t r i ca l  r e s i s t a n c e  (when a voltage is 
applied a c r o s s  opposite faces)  is  equal to the r e s i s t iv i ty .  The spher ica l  inclusions in the d ie lec t r ic  a r e  all  of 
the s ame  d i a m e t e r  d, and a r e  equally spaced;  the i r  cen te r s  lie at the points of the s imples t  th ree -d imens iona l  
cubic lat t ice (Fig. lb) .  

In der iving fo rmu la s  for  the d ie lec t r ic  constants  of the s y s t e m ,  it  is a s sumed  that  t he re  is  no through 
conduction of the d ie l ec t r i c ,  and that the e l ec t r i ca l  r e s i s t a n c e  of the meta l  is p rac t ica l ly  zero .  

When a voltage is applied a c r o s s  opposite faces  of the cube,  the e l ec t r i ca l  capaci tance  of the sample  is 

C = keav. (1) 

where  eav is  the ave raged  d ie lec t r ic  pe rmi t t iv i ty  of the s y s t e m ,  which has to be found. 

If we now imagine  the sample  to be divided into cy l indr ica l  columns perpendicular  to the e l ec t rodes ,  
each containing a row of meta l l ic  inc lus ions ,  we obtain a number  of pa ra l l e l - connec ted  capac i to r s ,  all  but one 
of which contain inclusions .  Assuming  that  o v e r  the length of the cube there  a re  n inclus ions ,  we have n 2 
columns containing inclusions (Fig. lb) .  T h e r e f o r e ,  

C = C d -~- n2Ccol , (2) 

where  Cco 1 is the capac i tance  of a column of m a t e r i a l  containing n sphe r i ca l  metal l ic  inclusions;  C d is the 
capaci tance  of the body obtained when al l  the columns containing the inclusions a r e  r emoved  f r o m  the sample .  

Assuming  ini t ial ly that  the e lec t r i c  field between the inclusions does not extend beyond the l imi ts  of the 
co lumn,  i . e . ,  that the fo rce  tube is a cy l inder  of d i a m e t e r  d, the capaci tance  of the pa r t  of the sample  not con-  
raining inclusions is  
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Fig .  1. Mode l  of d i e l e c t r i c  m a t r i x  wi th  i n c l u s i o n s :  
a) cubic ;  b) s p h e r i c a l .  
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Fig .  2. D i a g r a m  f o r  c a l c u l a t i n g  the c a P a c -  
i t a n c e  of  an e l e m e n t a r y  c a p a c i t o r ,  

Cd = keoSo = keo (1--n2d~" @ -  ) = keo (1--O.785C2sp). (3) 

H e r e  e 0 i s  the  d i e l e c t r i c  p e r m i t t i v i t y  of  the  m a t r i x  p h a s e ;  So i s  the  a r e a  of  the  e l e c t r o d e ,  exc lud ing  the  ends  of  
the  c o l u m n s ;  ~d2/4 ~0 .785;  d 2 is  the  c r o s s - s e c t i o n a l  a r e a  of  e ach  co lumn;  Csp = n d .  

Note tha t  the  c a l c u l a t i o n  of S o in  th i s  way i s  a c c u r a t e  only f o r  cub ic  i n c l u s i o n s  (neg lec t ing  edge  e f fec t s ) ;  
th i s  i s  a l so  t~ae  of  the  f o r m u l a s  d e r i v e d  in  [11]. 

The  c a p a c i t a n c e  of  e ach  co lumn  Cco 1 = C ' / ( n  + 1), w h e r e  n + 1 i s  the  n u m b e r  of d i e l e c t r i c  i n t e r v a l s  b e -  
tween  the  m e t a l l i c  i n c l u s i o n s  in  the  c o l u m n s ;  C'  i s  the  c a p a c i t a n c e  of each  such  i n t e r v a l .  (We a s s u m e  that  
e ach  c o l u m n  c o n s i s t s  of  n + 1 s e r i e s - c o n n e c t e d  e l e m e n t a r y  c a p a c i t o r s  in  which the  e l e c t r o d e s  a r e  m e t a l l i c  i n -  
c l u s i o n s .  ) 

It i s  p o s s i b l e  to  c a l c u l a t e  the  c a p a c i t a n c e  of the  c a p a c i t o r  f o r m e d  by two c h a r g e d  i n s u l a t e d  s p h e r e s  u s i n g  
a f a i r l y  c o m p l i c a t e d  me thod  [16]. In o u r  c a s e ,  h o w e v e r ,  the  s p h e r e s  a r e  not p e r f e c t l y  i n s u l a t e d ,  and t h e r e -  
f o r e  we d e r i v e  the  c a p a c i t a n c e  be tween  t h e m  u s i n g  the s c h e m e  shown in F i g .  2. F o r  a su f f i c i e n t l y  l a r g e  d i s -  
t a n c e  be tween  the  i n c l u s i o n s ,  the  l i n e s  of f o r c e  of the  f i e ld  n o r m a l  to the  s p h e r i c a l  s u r f a c e  f o r m  a r c s  of c i r c l e s  
[16]. The  r a d i u s  of e a c h  of  t h e s e  (if t h e r e  i s  an angle  ~ be tween  the  c o l u m n  ax i s  and the  t angen t  to  the  l i ne s  
of  f o r c e  a t  the  po in t  of c o n t a c t  with the  s u r f a c e  of the  sphe re )  i s  

R = OD = OC/sin a - 

w h e r e  l i s  the  d i s t a n c e  be tween  i n c l u s i o n s .  

The  l eng th  of  the  l i ne s  of f o r c e  i s  

l~ = L - - d  = 2 R c ~ - - d  

l ( l d I l - r - d  
s ina  ,. 2 ~ 2 , 2sinc~ 

2a (l @ d) d = a (l.-r- d) - -  d sin r , 
2sin c~ sin a 

w h e r e  l i s  the  l eng th  of the  a r c  OAMA101. 

A c a p a c i t o r  with a n n u l a r  e l e c t r o d e s  of i n f i n i t e s i m a l  width  has  c a p a c i t a n c e  

s i n c e  

T h e n  

dC = k%dS/l~ = 
ke~ sin 2 a cos adaud  ~" 

2 [(l -7 d) ~ - -  d sin c,.] 

keond 2 sin 2 a cos ada  

2 { [ ( /+  d)/d] a - -  sin a} 

dS  = 2 a A B d  (AB) = (ad ~ sin ~zcos coda)~2. 

C' - -  ke~ f ,  sin: a, cos ada  
2 [(l ,-r d)/d] o: - -  sin a 

(4) 
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TABLE 1. Dependence of Some Auxil iary Calculat ional  Values on 
the Concentra t ion of Metallic Inclusions 

0 

c sp 
T 
J 

0,1 
0,576 
1,74 
0,9187 

0,2 
O, 726 
1,38 

1,625 

0,3 
0.832 

1,20 
3,0 

0,4 
0,915 
1,093 
5,909 

0,5 
0,985 
1,016 
20,845 

0,524 
1 
1 

T A B L E  2. V a l u e s  of the  F u n c t i o n  f (O)  = e a v / e  0 C a l c u l a t e d  f r o m  
Eqs. (8), (9), (Ii), (12), and (14) 

O, voL Oio l 0  30 40 50 70 90 

8,9t9 Eq. (8) 
Eq. (9) 
Eq. (11) 
Eq. (12) 
Eq. (14) 

1,576 
1,333 
1,184 
1,376 
1,372 

3,37 
2,285 
1,935 
3,25 
3,43 

7,0 

32,54 
4,0 
3,368 

8,0 

8,0 
7,38 

37 

28 
26,76 

1000 

To s impl i fy  the p r o b l e m  we a s s u m e  that only l ines of force  with a i not m o r e  than 45 ~ contr ibute  to the capac i -  
t ance ,  i. e . ,  the o the r  l ines  of fo rce  a r e  a s soc ia t ed  with leakage,  which we neglect .  Then 

:V4 ~/4 
C' ke~ t" sin~ac~ --  ke~ ~ sin2 a c~ ~z da , 

2 [ ( / +  d)/d] cz -- sin a 2 T a  -- sin a 
0 0 

where  

T - -  
l + d  _ ( 1 - - n d ) / ( n +  1 ) + d  _ 1 - - c S E + l .  

d d Csp 
(5) 

g / 4  

L e t  j '  sin= a cos cufa 
To, - - s i n  a = J;  t h e n  

o 

We now find Csp 

C ' =  ke~ (6) 
2 

0 = anada/6; Csp= V 1"910" (7) 

Results  calculated for Csp and T for various volume concentrations of inclusions are shown in Table 1, together 
with values of the in tegra l  J found by a numer i ca l  method.  Then 

keo~cs P] 
CcoJ = k%~dJ/2;  C M = n2Ceal - k%:~dn2J ~ 

2(n + I) 2 

C = C~, + C d = keo (1--0.785cs~ p + :nJcsp/2) �9 

Compar ing  this with Eqs .  (1) and (2), we have finally 

Say = e o (1--0.785C2p + ~Jcsp/2)  = eft  (cst~. (8) 

T h u s ,  by  m e a n s  of E q s .  (7) and (8) the  a v e r a g e  d i e l e c t r i c  p e r m i t t i v i t y  of  a t w o - p h a s e  c o m p o s i t e  s y s t e m  can  
be  c a l c u l a t e d  a s  a func t ion  of the  p a r a m e t e r s  of the  m a t r i x  p h a s e  and the  c o n c e n t r a t i o n  of m e t a l l i c  i n c l u s i o n s .  

Note  tha t  i t  i s  i m p o s s i b l e  to  c a l c u l a t e  e a r  f o r  c o n c e n t r a t i o n s  0 above  0.524.  In f a c t ,  f o r  i n c l u s i o n s  
a r r a n g e d  in a s i m p l e  cub ic  l a t t i c e ,  the  m a x i m u m  c o n c e n t r a t i o n  of  the  i n c l u s i o n s  (when the  s p h e r e s  a r e  t o u c h -  

ing) is 
Omax ----- Vsp/Vcu b ~--- ad3/6d 3 -~- 0.524. 

In o ther  words ,  using Eq.  (8) i t is  poss ib le  to ca lcula te  the ave rage  d ie lec t r ic  pe rmi t t iv i ty  of the s y s t e m  up 
to the maximum concentration of inclusions which is  permiss ib le  in the model assumed.  For c loses t  packing 
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of the metal l ic  s p h e r e s ,  the l imit ing concentra t ion r i s e s  to 0.74 [17], but this is  to change the model  of the 
s y s t e m  and hence a lso  the resu l t s  obtained. 

In [10], a fo rmula  for  Say was der ived  for  sphe r i ca l  inclusions of a second phase;  for  meta l l ic  spheres  
i t  t akes  the fo rm 

Say = % (1 + 20)/(1 - -  0). (9) 

It applies  fo r  concentra t ions  in the range f rom 0 to 1 but,  as is evident f rom what has been sa id ,  this is a 
shor tcoming .  The fo rmula  of [9] is said to apply to both cubic and spher ica l  inclusions:  

0 
eav----e0 [1-4- (1__0)(3+%)/(e1__%) ] .  (10) 

It  can be r e a r r a n g e d  into a fo rm ident ical  to Eq. (9), which means  that ,  like the formula  in [11], 

eav=e0 l - - d +  , c = - ~ / ' ~ ,  (11) 

it can be used  for  inclusion concentra t ions  between 0 and 1 only in the case  of cubic inclusions with pa ra l l e l  
faces  (since,  as the concentra t ion of inclusions i n c r e a s e s  toward 1, the d ie lec t r ic  l aye r  between the cubes 
may  be as thin as requ i red ,  r ight  up to contact  between the me ta l  par t ic les ) .  

Other  fo rmulas  were  proposed  in [12-14] for  the calculat ion of the d ie lec t r ic  constants  of emuls ions  and 
suspens ions  of conducting spher i ca l  pa r t i c les  (drops of aqueous sa l t  solution d i spe r sed  in oil  [12], m e r c u r y  
and soot cong lomera te s  in oils and paraff ins  [13-14]); in [12] 

1 + 0  1 + 0  e a v = e  0 - - ;  f ( 0 )=  SaY - - ,  (12~ 
1 - -  2 0  e o 1 - -  20 

in [13] (after reducing it  to a fo rm convenient  for  calculations) 

, 0 (2  + ~o) 
8av--~  8o -T" 1 - -  0 

also in [15] the "mixing rule" 

and in [18] the conductivity equation 

(13~ 

f(e) = 1/ (1-  0) 3, (14) 

~/% = (-- ~/2) Ig (~/6 -- 0) + .... (15) 

The virtue of the formulas in [12, 14, 15] is that they may be reduced to an explicit relation between f (0) 
and 0, i.e., they are expressed in the form aav/e 0 =f(0). The main shortcoming of Eq. (13) is that it does 
not reduce to such a simple and convenient form. Like Eq. (8) derived in the present work, Eqs. (12) and (15) 
are valid up to concentrations of 0.5, which corresponds to a system with spherical conducting inclusions (the 
case of simple cubic packing of the particles). But the concentration limit of Eq. (12) is somewhat lower than 
that of Eq. (8), while Eq. (15) neglects the conductivity of a portion of the dielectric matrix, which reduces its 
accuracy. 

Table 2 presents values of the function f(O) = eav/e0 calculated from Eqs. (8), (9), (II), (12~, (13L and (14). 
In these equations e should be taken to denote both the dielectric permittivity and the electrical conductivity. 
It is assumed that in the case of electrical conductivity (the current problem), the metal always has infinitely 
large conductivity. Unless the difference between the conductivity of the dielectric and the inclusions is very 
large (more than two orders of magnitude), it is necessary to take the finite values of the metal and dielectric 
permittivity explicitly into account. 

If the ratio between the resistivities of the metal and the dielectric is more than I00, the complication 
involved is not justified, and Eq. (8) provides sufficient accuracy. 

Analysis of the data of Table 2 shows that Eq. (12) gives the results closest to those of Eq. (8). 

As an experimental verification of Eq. (8), the dielectric permittivity of glass--metal samples (CaO-- 
Al203--SiO 2 glass and Ni) was determined. The samples were obtained by wet vibrogrinding of the mixture, 
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dry  p r e s s ing  with binder (paraffin,  polyvinylbutyral) ,  and s inter ing in a hydrogen tubular  furnace at 900-1000~ 
The content of meta l  was 6.2 and 9.1 vol .%. The m e a s u r e m e n t s  were  c a r r i e d  out on an E9-4 Q - m e t e r  at a f r e -  
quency of 1 MHz. The values  of eav obtained were  9.75 and 10.3, while for  s amp le s  of the g lass  alone s in te red  
in the s a m e  conditions the value of e obtained was 10.6 (this high value of e for  a nonalkali g lass  is due to the 
incomple te  r e m o v a l  of the binder  in the H 2 medium and the appearance  of f ree  carbon) .  The calculated values 
of eav for  these  s amples  were  7.78 and 8.25, which a r e  15-20% lower  than the exper imenta l  va lues .  The d i s -  
c repancy  may  be the r e su l t  Of the following fac to r s .  1) The model  a s sumed  for  the sy s t em is s implif ied:  in 
r ea l i ty ,  the meta l l ic  pa r t i c l e s  may be f a r  f r o m  sphe r i ca l  in fo rm and in addition the i r  posi t ions a re  not s t r i c t ly  
o r d e r e d  but chaotic;  2) in Eq. (8) the f i r s t  pa r t ,  cor responding  to the capaci tance  and conductivity of the vol -  
ume of the sample  that  does not contain inclusions [see Eq. (2)], is lmown to be too high, and the second par t  
is a lso  not sufficiently accura te :  the choice of a 1 = ~/4 as the upper  l imi t  of in tegra t ion is to some extent a r -  
b i t r a r y .  

It  is  a lso  n e c e s s a r y  to b e a r  in mind two fac to r s  that  have opposite effects  on the exper imenta l  value of e: 
The p r e s e n c e  of a smal l  amount  of ca rbon  in the sample  a f t e r  s inter ing in hydrogen i n c r e a s e s  the value of e, 
while the p r e senc e  of poros i ty  reduces  it. As the s a m e  t ime ,  a muffle furnace  with an oxidizing gas  medium 
cannot be used ,  because  of the r i s k  of oxidizing the me ta l  pa r t i c l e s .  

What has  been said above leads us to conclude that  in the case  of high concentra t ions  of spher ica l  in-  
c lus ions ,  Eq. (8) i s  p r e f e r a b l e  to the o ther  f o r m u l a s ,  if only because  of i t s  cons is tency .  F o r  inclusions of 
complex  shape,  i t  is  n e c e s s a r y  to introduce a co r rec t ion .  It  is  very  des i rab le  to ver i fy  the proposed  model  
by other  expe r imen ta l  me thods ,  for  example ,  using an e lec t ro ly t ic  bath,  but this l ies outside the scope of the 
p r e sen t  work .  

Note that ,  fo r  s impl ic i ty ,  phenomena compl ica t ing the flow of a cu r r en t  through the d ie lec t r ic  (accumula-  
t ion of space  cha rge  and d is tor t ion  of the e lec t r i c  f ield,  i n t e r su r face  polar iza t ion ,  e tc . )  were  neglected in 
der iving the fo rmulas  in the p re sen t  work.  These  f ac to r s  mus t  be taken into account,  in pa r t i cu la r ,  in ca lcula t -  
ing the d ie lec t r ic  pe rmi t t iv i ty  and e l ec t r i ca l  conductivity of a d ie lec t r ic  with inclusions in the case  of a var iable  
e lec t r ic  field at  low and medium f requenc ies .  

NOTATION 

d, d i ame te r  of the sphe r i ca l  pa r t i c l e s  of meta l ;  n, number  of inclusions over  the length of the cubic 
sample ;  Csp, volume constant  of the two-phase  sys t em;  C, e l ec t r i ca l  capaci tance  of the sample  or  its individual 
pa r t s ;  e, d ie lec t r ic  permi t t iv i ty ;  a ,  angle between the tangent to the line s of force  and the axis  joining the cen-  
t e r s  of two adjacent  inclusions;  R, radius  of a line of force ;  l ,  d is tance between inclusions;  0, volume content 
of meta l l i c  phase .  

2. 

3. 

4. 

5. 

6. 
7. 
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16. 
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R E S I S T A N C E  T O  M O T I O N  O F  

IN A F L U I D I Z E D  B E D  

B O D I E S  

A .  I .  T a m a r i n ,  Y u .  E .  L i v s h i t s ,  
D. M. G a l e r s h t e i n ,  V .  P .  Z h i t k e v i c h ,  
a n d  S .  S .  Z a b r o d s k i i  

UDC 621.785:66.096.5 

The force  r e s i s t i n g  the motion of bodies  of revolut ion in a hor izon ta l  d i r ec t ion  in a f lu id ized  
bed is  m e a s u r e d .  A gene ra l i za t i on  of the expe r imen ta l  data  is  used  to obtain a r e l a t ionsh ip  
e s t ima t ing  the r e s i s t i v e  fo rces  a r i s i n g  in a f ln idized bed for  flow around obs t ac l e s .  

In i n d u s t r i a l  a p p a r a t u s e s ,  f luidized beds a r e  used  to wash around a va r i e ty  of bodies  (hea t -exchanger  
s u r f a c e s ,  p ipes  fo r  d i s t r ibu t ing  r e a g e n t s ,  immobi l e  s e d i m e n t s ,  s e n s o r s ,  and so on). In some kiln c o n s t r u c -  
t ions components  being heat  t r e a t e d  a r e  moved through a f luidized bed. In a l l  c a s e s ,  in o r d e r  to ca lcu la te  the 
s t rength  of the mount ings ,  suppor t s ,  and o ther  s t r u c t u r a l  e l emen t s ,  one r e q u i r e s  in format ion  on the fo rces  
a r i s i ng  f rom the flow around bodies of a f ln idized bed.  The data publ ished in the l i t e r a t u r e  on this topic a r e  
ve ry  l imi t ed  and r e l a t e  to the ave rage  v e r t i c a l  fo rces  act ing on fixed model  bodies i m m e r s e d  in the f lu id ized 
bed [1-3]. At the same t i m e ,  as c o r r e c t l y  noted in [1, 3], the ins tantaneous  fo rces  a r i s i n g  f rom the flow 
around a body of a d i s p e r s e d  m a t e r i a l  that  is  t r a n s p o r t e d  upward in the wake of a bubble a re  much g r e a t e r  
than the ave r age  f o r c e s ,  in some c a s e s  by more  than an o r d e r  of magni tude.  In o r d e r  to be able to ca lcu la te  
the ins tantaneous  fo rces  in a f lu idized bed,  we need to know, bes ides  the veloci ty  of a scen t  of the bubbles ,  the 
dependence of the fo rce  on the veloci ty  of motion the sur rounding  medium,  on the c h a r a c t e r i s t i c s  of the m e -  
dium,  and on the s ize  and shape of the body around which the medium is  flowing. The p re sen t  pape r  r e p o r t s  
an e x p e r i m e n t a l  study of th is  quest ion.  

The expe r imen t s  were  p e r f o r m e d  in a column of c r o s s  sec t ion  275 • 70 mm which had a g a s - d i s t r i b u t -  
ing g r i d  made  f rom a shee t  of fel t  of th ickness  6 ram.  The d i s p e r s e d  m a t e r i a l  was th ree  f rac t ions  of quar tz  
g l a s s  (d = 0.15, 0.23, and 0.63 ram; u 0 =4, 6, and 32 c m / s e c )  and one f rac t ion  of s i l i c a  ge l  (d = 0.19 mm; u 0 = 
2 c m / s e c ) .  F lu id iza t ion  was by means  of a i r  at  room t e m p e r a t u r e  for  N f rom 1 to 5. The in i t i a l  height to 
which the column was f i l led  was 29 cm.  A d y n a m o m e t e r  s e n s o r  was moved backward  and fo rward  along the 
hor i zon ta l  (more a c c u r a t e l y ,  along an a rc  of rad ius  45 cm) by means  of a spec i a l  c rank /connec t ing  rod  
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Fig.  1. Dependence of fo rce  of 
r e s i s t a n c e  F (N) for  a sphere  on 
i ts  ve loc i ty  of motion u {m/sec) 
in a f lu idized bed of quar tz  sand 
d = 0.23 mm: points 1, 2, 3, and 
4 c o r r e s p o n d ,  r e s p e c t i v e l y ,  to 
f luidizat ion numbers  1.2, 2, 3, 
and 5 for  a height above the g r id  
of 125 mm.  Points  5, 6, 7, and8 
co r r e spond  to f luidizat ion num- 
be r s  1.2, 2, 3, and 5 for  a height 
above the g r id  of 225 ram. 
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