
charge density distr ibution changes and tends to the prof i le  for  an infinitely long tube, shown by curve 2 in 
Fig.  4. This curve is given by the f i r s t  t e r m  on the r ight -hand side of express ion  (2.4) fo r  q. 

We thank V. V. Gogosov and V. V. Tolmachev  fo r  useful d iscuss ion of the work. 
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ELECTRIFICATION OF A METAL BODY IN AN, AEROSOL FLOW 

WITH A SOLID DISPERSE PHASE IN THE PRESENCE OF A CORONA 

DISCHARGE FROM THE BODY 

V .  L .  K h o l o p o v  a n d  L .  T .  C h e r n y i  UDC 532.5:537 

The e lec t r i f ica t ion  of a me ta l  body in a flow of uncharged monodisperse  aeroso l  with a solid d i spe r se  
phase  is invest igated within the f r a m e w o r k  of continuum mechanics  [1]. The corona  d ischarge  f r o m  the body 
is taken into account.  We consider  cases  of wel l -conduct ing aeroso l  pa r t i c l e s ,  fo r  which the e lec t r i c  charge 
re laxat ion t ime is much  g r e a t e r  than the t ime of impac t  with the body. A closed s y s t e m  of equations and bound- 
a ry  conditions descr ib ing the e lec t r i f ica t ion  of the body is obtained. We de te rmine  the main  d imensionless  
p a r a m e t e r s  affecting the e lec t r i f ica t ion  of the body. We obtain expres s ions  for  the e lec t r i f ica t ion  cur ren t ,  the 
m a x i m u m  corona  cur ren t ,  the floating charge  and potential  of the body, the m a x i m u m  corona  overvol tage ,  and 
the cha rac t e r i s t i c  t ime  fo r  es tab l i shment  of the floating charge  on the body. The main d imens ion less  c h a r a c -  
t e r i s t i c s  of e lec t r i f ica t ion  of a sphere  with a s p a r k  gap are  calculated.  

1. We cons ider  a meta l  body with a s p a r k  gap in a s teady flow of uncharged monodisperse  aeroso l  with 
a solid d i spe r se  phase .  As is known [2], the ae roso l  pa r t i c l e s  a re  charged  by collisions with the body. The 
body consequently acqui res  an e lec t r ic  charge  that  is opposite in sign to the par t i c le  charge .  This effect  is ob-  
s e rved  when bodies  move through clouds, prec ip i ta t ion ,  and a dust - laden a tmosphere  [3]. It can be used  in e l ec -  

t r i c  p robes  designed for  measur ing  the p a r a m e t e r s  of ae roso l  flows [4]. 

Using the m e t h a i s  of continuum mechanics  [1, 5] we will cons ider  the averaged  motion of a monodisperse  
aeroso l  flow pas t  a body as the in te rpenet ra t ing  motion of two continuous media  - gas  and aerosol  pa r t i c l e s .  
We a s sume  that  the concentra t ion of the l a t t e r  is fa i r ly  low and the i r  effect  on the gas  motion can be neglected.  
Then, in the invest igat ion of the e lec t r i f ica t ion  of bodies the motion of the gas can be regarded  as p r e sc r ibed .  
The ave raged  motion of the ae roso l  pa r t i c l e s  before  coll is ion with the body is desc r ibed  by the following equa-  
tions: 

Moscow. T rans l a t ed  f r o m  Zhurnal  Prikladnoi  Mekhaniki i Tekhnicheskoi  Fiziki ,  No. 3, pp. 37-42, May-  
June, 1982. Original a r t ic le  submi t ted  May 6, 1981. 
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m (vhO/Ox '~) v 6n~ta(l_U t ~  ~/8, vt~/0(u v), = ,-~i~e t u - -  - -  

= O, v [~=_|  = u~ II ] ~ = _ ~  = ~1 ~ 
(i.i) 

where m, a ,  ~?, a n d v  are the mass ,  radius,  concentration,  and velocity of the aerosol  par t ic les ;  Re = 2 a p u ~  

Reynolds number  of the aerosol  p a r t i c l e ; p ,  p ,  and u, v iscosi ty ,  density, and velocity of the gas;  xk (k = 1, 2, 3), 
a Car tes ian coordinate sys tem in which the x 3 axis has the same direct ion as the aerosol  flow undisturbed by 
the body; e 3, a unit vec tor  paral le l  to the x 3 axis; u ~ velocity of the undisturbed aerosol  flow; 70, concentration 
of aerosol  par t ic les  in ~. It follows f rom relat ions (1.1) that 

v = u % * ( x  *a, St, Re), q = Tl~ *~, St, Re); 
St(v*kO/Ox*k)V* = (l  + (l/6)Re 3/3 lu* -- v ' IV s) (u* v*), 

0 = 0 ,  = = i ,  

St = mu~ u* = u / u  ~ x *k = x a / R ,  

(1.2) 
(1.3) 

where 2R is the charac te r i s t i c  dimension of the body; St is the dimensionless  Stokes number.  The dimensionless 
functions v * (x'*k), U * (x *k) for  a given distribution of dimensionless  gas velocity u* (x.k) are completely de te r -  
mined by the Stokes and Reynolds numbers .  

The increase  in e lec t r ic  charge of the aerosol  part icle  due to collision with the body (Aep) depends on the 
physical  p roper t i es  of the mater ia ls  of the body and part icle ,  the size of the part icle ,  the velocity immediately 
before impact,  and the e lec t r ic  field E at the impact  point on the body surface .  Collisions of aerosol  par t ic les  
with the body lead to the flow of an e lectr ic  cur ren t  on it; 

J+  = y ~tvvA% (t,,, Ev) ds,  Ev = (Ev), vv ~-- (vv). (1.4) 
8 

Here u is the external normal  to the body surface;  the integration is taken over the par t  of the body surface S 
f rom which the aerosol  par t ic les  are reflected; repeat  collisions of the par t ic les  with the body are  ignored 
(calculations show that their  contribution t o t h e  e lec t r ic  cur rent  J+ is small) .  

We denote by E'  the charac ter i s t ic  value of the e lec t r ic  field, which has an appreciable effect on Aep, 
and by ~0 the str i ldng potential of the corona discharge f r o m  the body in the absence of external  fields. Since 
the potential of the initially uncharged body is opposite in sign to the part icle  charge increment  Aep, it is ob- 
vious that ~~ < 0. Henceforth,  we confine ourselves  to the case where the external field is absent and the 
conditions 

I ~ - I A e ~  ~ I <<1 r176 Im << E' (1.5) 

are fulfilled, where e is the dielectr ic  constant  of the aerosol ;  Ae~ is the charac te r i s t ic  change in charge of 
the aerosol  par t ic le  on impact with the body. The inequalities (1.5) mean that in the considered case the e lec-  
t r ic  field has no effect at all on Aep or  the electr if icat ion current ,  and the e lec t r ic  field produced by ref lected 
aerosol  par t ic les  has no effect on the corona discharge.  Relations (1.5) are always fulfilled for  fa i r ly  r a r e -  
field aerosols  (e.g., a tmospher ic  aerosols)  and spark  gaps with low striking potential. 

It follows f rom the physical  sense of Aep that i t  is defined only at points on the par t  S of the body surface.  
However, we can formal ly  introduce the function Aep(X k) at any point in space through which a s t reamline of 
the aerosol  par t ic les  impinging on the body passes .  For  this we assume that the function Aep(X k) is constant 
along the s t reaml ines  of the aerosol  par t ic les  and is equal to the change in e lec t r ic  charge of the par t ic les  
moving through them when the par t ic les  collide with the body. For  s t reaml ines  of aerosol  par t ic les  that do 
not collide with body we put Aep = 0. On the basis of the second relation in (1.1) the function Aep(xk) defined 
in this way sat isf ies  the equality 

O(Aep~lV~)/Ox ~ = 0. (1.6) 
Q 

We consider  the set  of port ions of the aerosol  par t ic le  s t reaml ines  terminat ing on the body. They fo rm 
a s t r eam tube that is bounded by a la tera l  surface S' and cuts out a par t  S on the body surface.  In the impinging 
flow (where x 3 ~ -oo) we draw a plane II perpendicular  to its velocity, f rom which this s t r eam tube cuts out a 
region S 0. This region is called the capture c ross  section. We integrate relation (1.6) over  the volume bounded 
by the surface S + S' + S 0, using the Os t rog radsk i i -Gaus s  formula  and the equality (1.4). As a resul t  we obtain 
a formula  connecting the electr if icat ion current  J+ with the values of the pa ramete r s  in the incident aerosol  
flow: 
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J+ = - -  ~l~176 .I A%ds  = - -  ~lOu * ~ Aep ( v~ ( b x, b~) ) dbxdb~, (1.7) 
80 S o 

where b l and b z a re  direct ion p a r a m e t e r s  defining the ae roso l  par t ic le  s t r e a m l i n e s .  As b 1, b 2 we take the C a r -  
t es ian  coordinates  x l, x 2 in plane II. 

The equation of e lec t r i f ica t ion  of the initially uncharged body has  the f o r m  

dQ/dt = J+ - -  J_,  Q = eC(I), Q h ~  = O, (1.8) 

where  t is the t ime;  Q, if, C, charge,  potential ,  and capaci tance of the body; J_, e lec t r ic  cu r r en t  of the corona 
d i scharge .  In sufficiently r a r e f i ed  ae roso l s ,  where  the f i r s t  inequality of (1.5) is fulfilled, we have the following 
empi r i ca l  ra t io  for  J_,~ 

J_  = a(CxebO/l + C~eu~ - -  (I)O), 

0, 0 ~  0:<~0, he~,~:~O, (1.9) 
a =  1, @~@o X 0 ,  hep>~0, 

in which b is  the mobil i ty  of the corona  d ischarge  ions (be ~ > 0); 1 is the cha r ac t e r i s t i c  length of the s p a r k  gap; 
C l, C 2 a re  d imens ion less  coefficients  which depend on the geome t ry  of the body. 

2. Ir~.roducing the d imens ion less  quantities ~*  = ~/@0, j *  = j • 1 6 2  Ae~ = Aep/Ae~,  C* = C / R ,  t* = 
u~ b~ = b 1 /R,  b~ = b2/R,  we wri te  re la t ions  (1.7)-(1.9) in the f o r m  

C*d(I)*/dt* = B J*  - -  J*_., J*  = -ffS._ Ae~dbldbz' 
~t so 

lu~ ^ ~~ 0 J * . _ = a ( ~ A ~ ( I ) * + C , ) ( ~ * - - I ) , P e E = - ~ > O ,  B :  - ~  . >  , 

(2.1) 

where  S M is the a r e a  of the centra l  sect ion of the body; Pe E is the e lec t r i c  P6clet  number ;  B is a d imens ion-  
l ess  p a r a m e t e r  charac te r iz ing  the ra t io  of the e lec t r i c  f ie ld of the aeroso l  to the e lec t r i c  f ield of the body. 
On the bas i s  of the f i r s t  inequality in (1.5) we have I B l << 1, and since A e ~  ~ < 0, then B > 0. 

The p r e sence  of the smal l  p a r a m e t e r  B in Eq. (2.1) means  that  we can d i rec t ly  wr i te  exp re s s ions  for  the 
m a x i m u m  overvol tage  of the corona  d i scharge  and the m a x i m u m  spa rk  gap current ,  a t tained when d5 * / d r *  = 0; 

m a x  ((1)/(/) ~ - -  t )  = B(Ci/Pe E + C ~ ) - I J  * ,  

max J_ = .]'+ = euOffpOBJ*. 
(2.2) 

The values  of the floating potential  ~ '  and charge  QV of the body and the cha rac t e r i s t i c  t ime  r '  fo r  the i r  e s -  
t ab l i shment  a re  a lso  found f r o m  (2.1): 

r = r176 ~ BJ*(C1/Pe E --1- C~)-x], Q' = eC(1)', "c' = Cl(u~ 

Thus, all the main  c h a r a c t e r i s t i c s  of e lec t r i f ica t ion  of the body are  e x p r e s s e d  in t e r m s  of the function J * ,  
given by the second equality of (2.1), which depends on the change in charge  of the aeroso l  pa r t i c l e s  on col l i -  
sion with the body aep(Vv).  Var ious  express ions  can be p roposed  for  Aep [4, 6, 7]. We confine ourse lves  
henceforth to the case of well-conducting aeroso l  pa r t i c l e s ,  where the re laxat ion  t i m e  of the e lec t r ic  charge  
in the par t ic le  T e = ep/ (4~ru)  is much  less  than the t ime  of impact  r of the par t ic le  with the body, and the 
case  of poor ly  conducting aerosol  pa r t i c l e s ,  when re  = e p / ( 4 ~ p )  >> r (here ep and a p  are  the d ie lec t r ic  con-  
s tant  and conductivity of the aeroso l  par t ic le ) .  

3. Ignoring the effect  of the e l ec t r i c  field, we de termine  the change in charge of well-conducting,  ini-  
t ia l ly  uncharged pa r t i c l e s  f rom the fo rmula  [6] 

ae~ - -  c ~ o  ( 4 - e - ~ ) ,  A = .~So / (C~d) ,  (3.1) 

Sr = a (0.577 q- 0,5 In (2a/d)), Ae~ ~_ C~%, 

~V. V. Ushakov, Di s se r t a t ion  fo r  the Degree  of Doctor  of Technical  Sciences:  E lec t rogasdynamic  S t r eams  
and Elec t ros ta t i c  Charge Control Sys tems  for  Ai rc ra f t  [in Russian],  KIIGA, Kiev (1978). 
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where  Wc is the contact  potent ial  d i f ference fo r  the pa r t i c l e s  and body ma te r i a l s ;  S c is  the mean a r e a  of con-  
tac t  of the pa r t i c l e  with the  body during the coll ision; d is a cons tan twi th  the dimension of length, whose value 
is of the same o rde r  as the Debye radius  of the par t i c le  m a t e r i a l .  The coll is ion p a r a m e t e r s  z, S c contained 
in re la t ion  (3.1) can be found on the bas i s  of the quas is ta t ic  theory  of impac t  of an ae roso l  pa r t i c le  with a body, 
which in this case  can be r ega rded  as a ha l f - space .  F o r  a no rma l  e las t ic  coll is ion we have 

5 ~ ( t - -%) /Eb) ]  ~=3h/ l v , , i , S~=2ah .  h=a[__s  + ~ r ~/5 (3.2) 

where  p p  is the density of the ae roso l  par t i c le ;  Up, EpY(Ub , E~) a re  the Po i s son ' s  ra t io  and Young's  modulus 
of the par t i c le  (body). 

In view of the re la t ions  (3:1), (3.2), (1.2), and (1.3), the express ion  (2.1) fo r  J*  can be put in the f o r m  

J* (St, Re, Ao ) =:-/-t f [ i  - -  exp ( - - A .  [vv (St, Re, b~, b;)18/5)] db~db;, 
s~ 

s o  ( 3 . 3 )  

S* SM/R 2, * So/R ~, * bx,~/R, = S o  = bl ,~  = A o - -  A I,,v=~, o. 

The function v~(St, Re, b~,  b~) contained in r e la t ion  (3.3) was de te rmined  by compute r  calculat ion o f t  he 
veloci ty  f ield of the ae roso l  pa r t i c l e s  and the i r  s t r e a m l i n e s  on the bas is  of the f i r s t  equation of (1.3). We then 
calculated the in tegra l  on the r ight -hand side of re la t ion  (3.3). F igure  1 shows a plot of log J*  aga in s t t he  
Stokes n u m b e r  St f o r  well-conduct ing pa r t i c l e s  in the case  of potential  flow pas t  a sphere  of radius  R [1) Re = 
10, A 0 =5;  2) Re =100, A 0 =5;  3) Re =10, A 0 =0.01; 4) Re =100, A 0=0 ,01] .  When St = ~  it follows f r o m  the 
f i r s t  equation of (1.3) that v* = const  and fo r  I v* I we obtain the express ion  I v*[  = (1 - b~ 2 _ b~ 2)1/2, which 
is val id for  any conditions of gas  flow pas t  a sphere .  In this case  the value of J*  is found analyt ical ly 

1 

0 

Here  T is an incomplete  g a m m a  function: b* = (b~ 2 + b~2) 1/2. 

4. Ignoring the effect  of the e lec t r i c  field,  we de te rmine  the change in charge of poor ly  conducting 
(Te >> 7), init ially uncharged pa r t i c l e s  f r o m  the fo rmu la  [7] 

Ae, = - -  2n-~/2C (~/2) enoE ltr ~ ,  A e  ~ =_~ A e  v Ivy=u0 , (4.1) 

where C(~/2) = 0.78 is the value of the Fresnel integral; E = uah is the maximum area of contact of the par-  
ticle with the body; e, D, n o are the charge, diffusion coefficient, and volume concentration of charge carr iers  
in the particle involved in the reaction on the surface of the body when a particle collides with it. Relation (4.1) 
is valid for an infinite rate of this reaction, when the charged-particle concentration on the surface of contact 
of the particle with the body becomes zero. For a normal elastic collision the quantities T and h contained in 
relation (4.1) are determined from formulas (3.2). 

In tile considered case of poorly conducting particles the expression for J*, in view of the equalities 
(4.1), (3.2), (1.2), and (1.3), has  the f o r m  

J* (St, Re) = ~ l  ~ [ vv* (St, Re, b~,* b*) ~/to db*db*, 2. (4.2) 
sM 

S O 

349 



F i g u r e  2 shows  a c o m p u t e r - c a l c u l a t e d  p lo t  of log  J*  a g a i n s t  the S tokes  n u m b e r  St  f o r  p o o r l y  conduct ing  p a r -  
t i c l e s  in the  c a s e  of po t en t i a l  f low p a s t  a s p h e r e  of r a d i u s  R. C u r v e s  1-3  c o r r e s p o n d  to Re = 10, 102, and  103. 
When St  = ~ we have  

1 

j .  = 2S ( ] / ~ ) ~ / l o  b*db* = 20 
27" 

0 

F i g u r e s  1 and 2 i n d i c a t e  tha t  t h e r e  i s  a c r i t i c a l  va lue  of the  S tokes  n u m b e r  (St 0 > 0), a t  which J*  b e c o m e s  
z e r o .  When the  S tokes  n u m b e r  i s  l e s s  than  St  0 the  p a r t i c l e s  do not  r e a c h  the body s u r f a c e .  In t h i s  c a s e  J*  -- 0 
and t h e r e  i s  no e l e c t r i f i c a t i o n  of  the  body .  

As an  e x a m p l e  we c o n s i d e r  the  e l e c t r i f i c a t i o n  of a s p h e r i c a l  body  of d i a m e t e r  2R = 10 m in an a e r o s o l  
f low of i c e  p a r t i c l e s  wi th  d i a m e t e r  a = 10 -4 m,  c o n c e n t r a t i o n  7 ~ = 108 m -8, and f low v e l o c i t y  u ~ = 100 m / s e e .  
F o r  p u r e  i ce  gp  = 72, Crp = 4 �9 10 -? ~2 -1 �9 m -1, e = 1.6 �9 1 0 - 1 9 C ,  n o -- 1 0 ! 9 - 1 0 2 0  m -3, EYp = 3 �9 109 N / m  ~, ~p = 0.3. 

In t h i s  c a s e  the  i nequa l i t y  ~ ~ 10 -~ s e c  << Te = 1.6 �9 10 -3 s e c  i s  f u l f i l l ed  and the t h e o r y  expounded  in P a r a g r a p h  
4 i s  a p p l i c a b l e .  F o r  t h e s e  n u m e r i c a l  v a l u e s  of t he  p a r a m e t e r s  we  have  St  = 2, Re = 108, J*  = 10 -1, Ae~ = - 5  �9 
10 -16 C, J / S  M = 5 �9 10 -7 A / m  2. Such c u r r e n t  d e n s i t i e s  a r e  a c t u a l l y  o b s e r v e d  when b o d i e s  move  in c louds  and 
p r e c i p i t a t i o n  [2]. 
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APPLICATION OF THE MULTIPLE-SCALE METHOD IN THE 

PROBLEM OF WAVES ON THE SURFACE OF A LIQUID 

V. A. Batishehev and V. V. Trepachev UDC 523.593 

S r e t e n s k i i  [1] h a s  u s e d  the  m e t h o d  of i n t e g r a l  t r a n s f o r m s  to  s o l v e  the  p r o b l e m  of w a v e s  on the s u r f a c e  
of a v i s c o u s  i n c o m p r e s s i b l e  l iqu id  of in i f in i t e  dep th .  In t he  l o w - v i s c o s i t y  c a s e  Po t e tyunko  and S t r u b s h e h i k  [2] 
have  c o n s t r u c t e d  a s y m p t o t i c  e x p a n s i o n s  tha t  a r e  v a l i d  in  f in i t e  t i m e  i n t e r v a l s .  

In th i s  a r t i c l e  we c o n s i d e r  the  p l a n a r  C a u c h y - P o i s s o n  p r o b l e m  fo r  the  l i n e a r i z e d  N a v i e r - S t o k e s  e q u a -  
t ions  in a p p l i c a t i o n  to  the  mot ion  of an i n c o m p r e s s i b l e  l o w - v i s c o s i t y  l i qu id  u n d e r  the  ac t i on  of an in i t i a l  e l e v a -  
t i on  of the  f r e e  s u r f a c e :  

8v/Ot = - -  Vp + e~Av, div v = 0, 

P = Pr + ~,z, v = 0, ~ = ~.  (x) (t = 0), - -  p -}- ~ n u 2a~Ovz/Oz = 0 (z = 0), 
OUOt = vz, OvJOz + Ov,/Ox = 0 (z ---- 0), (1) 

(v, Ov/Ox, p ,  Op/Ox, ~.)  -+ O, [ x [ -+ o~, 

v = 0 (z = - -  H) .  

R o s t e r - o n - D o n .  T r a n s l a t e d  f r o m  Z h u r n a l  P r i k l a d n o i  Mekhan ik i  i T e k h n i c h e s k o i  F i z i k i ,  No. 3, pp.  42-44 ,  
M a y - J u n e ,  1982. O r i g i n a l  a r t i c l e  s u b m i t t e d  A p r i l  3, 1981. 

350 0 0 2 1 - 8 9 4 4 / 8 2 / 2 3 0 3 - 0 3 5 0  $07.50 �9 1982 P l enum Pub l i sh ing  C o r p o r a t i o n  


