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Experimental  resul ts  are given on the static electr if icat ion ar i s ing  when solid par t ic les  col -  

lide with metals .  

Static electr if icat ion occurs  when a mixture of solid and gas or  liquid flows along a channel, on account 
of interaction between the solid par ts .  The resul t ing e lectrosta t ic  forces  can exceed the gas-dynamic  ones 
and interfere  with the flow (particle adhesion to the wall, part icle  clumping in a fluidized bed, and so on). 
Attempts have been made [1, 2] to descr ibe  the effects of the var ious  factors  on static e lectr i f icat ion in such 
flows, together with the effects on the flow itself.  

Here we consider  mainly the effects of part icle speed on the charge produced. The tests  were done 
with a gas-dynamic sys tem for use with such flows [3]. The gas flow bore quartz  sand or  carbon dust,  in 
both cases  of a nar row size range. The particle velocity at a given point was determined with the device 
descr ibed in [4]. The plates were made of St. 3 steel, 1KhlSN9T stainless steel,  copper,  aluminum, n ic-  
kel, zinc, or  T15K6 cermet .  We varied the part icle concentrat ion and the angle between the par t ic le  velo-  
city and the plane of the plate. The pa ramete r s  such as the gas tempera ture  and humidity were virtually 
constant at t = 20"C and r = 90% in all runs.  

The charge reaching the plate was measured with a YI-2 de amplifier;  the input impedance of the 
instrument  was var ied widely, and we found that values between 5 .1 .10 e and 10 s ohm had no effect  on the 
charge.  However,  higher r e s i s t ances  began to show an effect f rom the insulation res i s tance  of the plate, 
which was 1011 ohm. 

We found that the cur ren t  tended to fluctuate, and that this occur red  principally in the initial period 
o r  during t rans fe r  f rom one mode of flow to another (Fig. 1), thereaf ter  vanishing. The length of the t r ans i -  
tional period was dependent on the flow charac te r i s t i c s  and the physical  proper t ies  of the mater ia l s ,  for 
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Fig. 1. Specific electr if icat ion current  I / g  (A-sec/g)  as a function of time T (sec): 1) nic-  
kel with quartz sand, d = 0.2-0.25 ram, g = 0.28 g / s ec ,  V = 12 m/see ;  2) d = 0.2-0.25 ram, 
g = 0.95 g / s ec ,  V = 29 m / s e c ;  3) d = 0.16-0.2 ram, g = 1,05 g / sec ,  V = 14 m / s e c ;  4) 
aluminum with carbon dust, d = 0.1-0.16 ram, g = 0.51 g / sec ,  V = 15 m / s e c .  
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Fig.  2. Static e lectr i f icat ion cur ren t  
I(A) as a function of J (J): 1) T15K6 
ce rme t  with quartz  sand, d = 0.1- 
0.16 mm, g = 1.05 g / sec ;  2) d = 0.32- 
0.5 mm, g = 0.52 g / sec ;  3) 1Kh18N9T 
with carbon dust,  d = 0.32-0.5 mm,  
g = 0.46 g / sec ;  4) d = 0.2-0.25 mm, 
g = 0.38 g / sec ;  5) d = 0.1-0.16 mm,  
g = 0.51 g / s ec .  

instance,  the t ransi t ion period fell as the speed and part icle  concentrat ton were ra ised  (curve 2). 
There  was no transi t ion period at all when the speed exceeded a cer ta in  value (40 m / s e c  for quartz  
sand or  nickel}, and also at all veloci t ies  when the plate hardness  was g rea te r  than that of the par t i -  
c les  (quartz sand on T15K6). 

Microscopic examination showed that the par t ic les  penetrated into the soft mater ia l s  and subsequently 
protected them f rom other par t ic les ;  this was confirmed in tes ts  with aluminum and quar tz  sand. The 
plate became heavier  when the jet played on it for less than 1 see,  and this accumulation of trapped par t i -  
cles explains the transi t ion period to some extent. There  is also another possible cause of unstable e lec-  
t r if icat ion in this period. The metal  surface at the site of impact a l ters  in proper t ies  on account of work 
hardening [5], and this affects the charge  produced by collision. 

If the plate is softer  than the par t ic les ,  there  is always such a t ransi t ion period; this period becomes  
shor te r  as the speed and part icle concentrat ion are  ra i sed ,  and ultimately is so short  that it could not be 
recorded  with our equipment. 

Figure  2 shows resu l t s  on the static electr i f icat ion for var ious  mate r ia l s  af ter  the transi t ion period. 
The part icle  speeds vary  from 10 to 170 m / s e e .  The resul t s  for each par t ic le-pla te  pair  fit sa t isfactor i ly  
to 

I = ngV"- sin = c,, (1) 

where n is dependent on the physical  proper t ies  of the bodies and the part icle  size,  

These resu l t s  relate  to single impact  of a given part icle;  when such a flow moves along a channel,  
one of course  gets multiple col l is ions,  and then the static electr i f icat ion begins to be influenced by factors  
not incorporated in (1}, such as the res i s tance  of the wall and par t ic les ,  and also the e lec t r ica l  s trength 
of the gas medium, as well as the charge  already accumulated by the par t ic les .  

The resu l t s  allow one to calculate some pa ramete r s  far  the charged par t ic les ;  the par t ic les  were 
taken as spheres ,  the d iameter  being determined as the ar i thmetic  mean of the minimum and maximum 
diameters  in the fract ion,  The current  and the mass  flow rate  for the solid were used to determine the 
charge  of one par t ic le .  For  instance,  the maximum charge  for quartz  sand interact ing with the ce rme t  
occur red  for the la rges t  fract ion,  0.32-0.5 mm, and was 15.1 �9 10 -6 pC at a speed of 143 m / s e c ,  which 
cor responds  to a potential of 650 V. The area of contact on collision was deduced in accordance with [6]; 
the charge density in the contact spot inc reases  with the normal  component of the part icle  velocity (it 
attained 690 pC/m 2 under the above conditions}. This would appear  to be significant in explaining the 
electr i f icat ion mechanism.  One supposes that the charge density on the contacted bodies cannot exceed 
the charge density in the contact spot, so the par t ic les  and the walls in such a flow will be charged to a 
potential cor responding  to the contact velocity.  This potential will be dependent on the mode of flow. For  
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Fig.  3. Dis t r ibut ion in a d i spe r s e  jet  at 45 m m  
f r o m  the end of a hor izontal  cyl indr ica l  nozzle 
for :  1) local  veloci ty V (m/sec) ;  2) g (g/sec) .  
Quar tz  sand, p r e s s u r e  before  nozzle 2 ba r ,  
d = 0 . 2 - 0 . 2 5  r a m ,  G = 0 . 9 5  g / s e c ,  nozzle d ia -  
m e t e r  8 ram. Posi t ive  R (ram) cor respond  to 
points above the axis ,  and negative below. 

ins tance,  a reduct ion in flow speed and hence in par t ic le  velocity should lead to some loss  of charge ,  since 
the a rea  of the contact  spot is reduced.  This  may even r e v e r s e  the sign of the charge  on the channel wall.  
The increased  no rm a l  component  of the par t ic le  veloci ty  at a bend in the channel should inc rease  the pa r t i -  
cle charge .  This  explanation of the charging mechan i sm ag ree s  well  with exper iment  [2]. 

In conclusion we consider  b r ie f ly  an instance of p rac t i ca l  use of the effect.  

E lec t ros ta t i c  f low-ra te  t r anduce r s  a re  used in industry for  solids in such flows; equation (1) for  this 
case  becomes  

I = C6V",  (2) 

where  

C = n ~ s i n  ea (3) 
6 

where  it may be taken as a constant  for given m e a s u r e m e n t  conditions. 

It  follows f rom (2) that the read ings  of an e lec t ros ta t i c  t r ansduce r  a re  dependent on the m a s s  flow 
ra te  and on the par t ic le  speed,  so the e lect r i f ica t ion can be used to m e a s u r e  e i ther  the veloci ty  or  flow ra te  
only if the o ther  of the quanti t ies  is e i ther  constant  in all  m e a s u r e m e n t s  or  is de te rmined  by some indepen-  
dent method.  Fo r  ins tance,  Fig.  3 shows the par t ic le  veloci ty  dis t r ibut ion for quar tz  sand emerg ing  f rom 
a horizontal  nozzle  as de te rmined  with an e lec t ros ta t i c  t r ansduce r .  Here  we had f i r s t  der ived the local  
flow r a t e s  for the solid in the same  c r o s s  sect ion with a specia l  t rap .  

NOTATION 

I is the cur ren t ;  
V is the par t ic le  speed; 
g is the m a s s  of pa r t i c les  s t r ik ing  t r ansduce r  in unit t ime;  
G is the m a s s  flow ra te  of solid; 
a is  the angle of at tack;  
n is the coefficient  of proport ional i ty;  
C is the t r ansduce r  constant;  
d is the par t ic le  d iamete r ;  
~- is the run t ime;  
R is the jet  radius;  
r is the re la t ive  humidity; 
t is the t e m p e r a t u r e ;  
J = gV2sin2o~. 
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