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Some problems of flows of gas mixtures  with exothermal  reac t ions  behind shocks were examined in [1-5]. 
In par t icu lar ,  the problem of a point explosion in a hot gas mixture was examined taking account of the chemi-  
cal react ion kinetics. Motions of an ideal, non-heat  conducting, per fec t  gas a re  used below in the case of the 
problem o f  a symmet r i c  piston moving in a hot mixture.  A model  which takes account of the ignition delay t ime 
and the subsequent simultaneous occur rence  of the d i rec t  and r e v e r s e  react ions  [31 is taken for the gas flow. 

1. Let a gas medium, at  r e s t  at  the initial t ime, be propelled by a piston according to the law rp = Xpt 6 , 
where kp, ~=const .  A shock [8] forms in front  of the p i s tonand  excites chemical  react ions  with the liberation 
of heat. 

Let us consider  some features  of the solution for a model in which the chemical  reac t ion  behind the shock 
front  is activated af ter  terminat ion after  a period of induction. The react ion governing the period of induction 
tin d is descr ibed by the equation [3] 

dc/dt = - -  t / t i n r l  = - -  klpn,p l, exp (-- Elp/P), (1.1) 

where c is the fictitious concentrat ion,  E i is the activation energy  of the period of induction, p is the p re s su re ,  
p is the density, ki, ni, li a re  cer ta in  constants.  For h i > 0 , / i > 0  it follows f rom (1.1) that the induction time is 
shor t  for large p. The quantity tin d increases  as the shock attenuates and p decreases ,  and, therefore ,  the 
spacing between the shock front and the combustion react ion zone also grows, i.e., f rom some time it is impos-  
sible to take the shock and the chemical  reac t ion  zone as one surface o f  discontinuity, a detonation wave. A 
deduction of the possibil i ty of splitting of the detonation wave in the phenomenon of a point explosion in a 
detonating gas was made in [1]. Test  data on the initiation of  hot gas mixtures by using a l a s e r  beam [7] were 
an exper imental  confi rmat ion of the flow pattern described above. 

The equation descr ibing p rogres s  of the chemica l  reac t ion  is taken in the form 

where 13 is the mass  fract ion of the unburned gas, E 2 is the activation energy for the d i rec t  react ion (E2-> 0), E 3 
is the activation energy  of the r e v e r s e  react ion,  and k, m, n, and I are  cer ta in  constants.  

The reac t ion  (1.1) proceeds without heat l iberation. On the shock front the quantity is c = 1. 

The disappearance of  c denotes terminat ion of the induction period and the beginning of the react ion (1.2) 
which proceeds with heat  l iberation. The concentrat ion is ~-- 1 up to the beginning of the react ion (1.2). 

The gas motion will be descr ibed by (1.1) and (1.2) in combination with the mass ,  momentum, and energy 
conservat ion equations, which can be taken in the form 

0p 0p~ . pu au ~u i @ = 0. (1.3) at ~--bV-~ - r ] - - ;  - = 0 '  -Y/'-§ +-b-- a--g- 

oh oh t ( @  Op ) ,, 
0t -4-u Or P - - g / - + u - ~ -  r = 0 ,  h =  P ' . ~ , _ ~  ~ ~Q, 

where u is the veloci ty  of the medium, T is the adiabatic index, Q is the heat producing capaci ty per  unit mass  
of the fuel mixture;  and j =0,  1, 2 for the plane, cyl indrical ,  and spherical  cases .  If the quantities E i and Q 
are  constants ,  the problem can be se l f - s imi l a r  in the case  of a var iable  initial gas density Pl =Ar-W (w 3, A = 
const) tmderthe condition that the initial p r e s s u r e  Pi can be neglected as compared with the p r e s s u r e  behind the 
shock. The class  of s e l f - s imi l a r  solutions of the sys t em (1.1)-(1.3) has been studied in [2]. We shall consider  
w=0.  The problem is not s e l f - s imi l a r  in this formulat ion,  hence, a complete investigation can only be con- 
ducted by methods of numerica l  integration of  the part ia l  differential equations. 
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2. Le t  us  c o n s i d e r  gas  m o t i o n  a t  t i m e s  c l o s e  to the i n i t i a l  t i m e .  In the  i n i t i a l  p e r i o d  of  the mo t ion ,  the 
m a g n i t u d e  of  the t o t a l  e n e r g y  be ing  l i b e r a t e d  d u r i n g  c o m b u s t i o n  in a v o l u m e  bounded by  the shock  is  l e s s  than  
the  w o r k  of  the p i s t o n  

r ;  

W > U = ~JS Q ( t  - ~) 9rSdT', (2.1) 
rp 

w h e r e  oj = 2~rj + (j - 1) (j - 2) and r 2 is  the  r a d i u s  of  the  shock .  Hence ,  the in f luence  of the  c h e m i c a l  r e a c t i o n s  on 
the f low is  s l igh t ,  qIhe w o r k  of the p i s t o n  is 

IV = a i !" purSdr.  
0 

F o r  the  i n i t i a l  s t a g e  when the i n e q u a l i t y  (2.1) is  v a l i d ,  the  so lu t i on  can  be sought  by us ing  the method  of  
l i n e a r i z a t i o n  in the  s m a l l  p a r a m e t e r  r u /W < 1 

P = Pc + eP01 + o(e), p = Pc + cool + o(e), (2.2) 

u = "o + ~uo~ + o(~), f~ = ~o + @o~ + o(~), 

c = c o-4- eCol ~- o (e), lira o (s'p_+ O. 
8 ~ 0  8 

A f t e r  s u b s t i t u t i n g  the func t ions  (2.2) into the  i n i t i a l  e q u a t i o n s ,  we ob t a in  a s y s t e m  of p a r t i a l  d i f f e r e n t i a l  

equa t i ons  for  u0, P0, P0, c0, fl0 and u01 , P01, P01, c01, P01. The s y s t e m  d i s s o c i a t e s  into two for  t h e  m a i n  t e r m s  of  
the e x p a n s i o n .  S e l f - s i m i l a r  func t ions  d e s c r i b i n g  the f low f r o m  the  p i s t o n  wi l l  be  a s o l u t i o n  of  the  g a s d y n a m i c  
e q u a t i o n s .  This  l a t t e r  p r o b l e m  has  been  s t ud i e d  w e l l  [6, 8]. The c h e m i c a l  r e a c t i o n s  hence  p r o c e e d  in the g iven  
f low f ie ld  and a r e  d e s c r i b e d  by (1.1) and (1.2) in which each  funct ion  should  be a s c r i b e d  the  s u b s c r i p t  z e r o ,  

The b o u n d a r y  c o n d i t i o n s  for  u0, P0, P0 a g r e e  with the  cond i t i ons  of  the  g a s d y n a m i e  p r o b l e m  [6, 8], e0= 1 on 
t h e  shock  f ron t ,  rio = 1 on the ign i t ion  f ron t ,  qihe b o u n d a r y  c ond i t i ons  for  the  funct ions  with s u b s c r i p t  01 r e s u l t  
f r o m  the e x p a n s i o n  (2.2),  the cond i t i ons  on the p i s t o n ,  the  f l a m e  f ron t ,  and the shock  f ron t .  They can  be 
o b t a i n e d  by  s t a n d a r d  me thods  [6, 9]. 
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3. Computations~ were per formed for values of the pa ramete r s  I 1 = 1, 12 = 13 = 0, n 1 = 0, n 2 = n 3 = 2, k 3 = k2, t , -  
kip 1 = 15, E1/Q = 1.74, E2/Q = 0.347, E3/Q -- 1.347, t ,  = 10 -7 c, t,k2pi2Q 2 = 4.16, Q = 4" 101~ log/g, pl = 0.5" 10 -3 g/cm 3, 

These constants a re  selected so that the kinetics equations would correspond to the induction times and 
the resul t ing reac t ion  for a s to ichiometr ic  mixture of hydrogen and oxygen. The computations were executed 
for shocks moving at the constant  veloci ty  6 = 1, and for  decaying shocks with 6 < 1. 

The concentrat ion distribution in space fl is given in Figs. 1 and 2. Calculations showed that the ro le  of 
the r e v e r s e  reac t ion  is large for the concentration.  The spacing ~ between the shock front r 2 and the ignition 
front  r i is represen ted  in Figs.  3 and 4. It follows f rom the computations presented that the ignition delay time 
does not increase  for 6 = 1 as the t ime r - - t / t ,  grows,  the react ion actually proceeds direct ly  behind the shock 
front  and splitting of the detonation wave into the usual compress ion  shock and the flame front does not occur .  
For 6 < 1 the ignition zone separates  f rom the shock front at  t imes c lose to the initial time, the induction time 
grows,  resul t ing in dissociat ion of the detonation wave into a simple compress ion  shock and a flame front. The 
computations also showed a s t rong dependence of the ignition front  on the activation energy E I. 

Let us note that the case of piston motion for ~ <1 can simulate the influence of the explosion products 
f rom a cyl indr ical  charge  on the development of detonation. The var iant  6 = 6i = 13/32 was computed special ly to 
compare  with the development of  a piston in a point explosion 6 = 6o = 2/5 without the piston (~t 1 - 50 < 0.01). It 
turns out that in the neighborhood of the shock the flows a re  close to each other (see [3, 4, 10] for a comparison 
with the explosion case). 

The accu racy  of the computation of  the gasdynamic functions can be judged f rom the following resul ts .  
Seven significant f igures  were kept in the integral  mass  conservat ion law in the calculations.  Fur the rmore ,  
the sys tem (1.3) admits  an adiabatic integral  [6] for Q=0 ,  which was satisfied to the accuracy  of thousandths of 
a percent  in the computations.  In all the computations the ra t io  between the energy liberated during combustion 
and the work of the piston did not exceed 10%, ~-< 0.1. 

Therefore ,  the motion of the chemical ly  active gas displaced by a piston moving according to the law 
= ;~.t 6 can be separated into two stages.  The initial stage is when the quantity of energy being liberated r_ 

d~uringV combust ion is smal l  compb_red to the work of  the piston. In this stage the flow is described by formulas  
yielding the solution of the piston problem.  Chemical  react ions  occur in the background of this flow. The  
second stage is distinguished by the fact  that the energy being l iberated in the chemical  react ions  must  be taken 
into account. Solutions obtained in the initial stage can be the initial data for a computation of the later stages 
by using f ini te-difference methods. The method considered above can also be used in problems on the excitation 
of nonequilibrium states  in a gas and the computation of energy level populations of molecules and atoms behind 
shocks (or in expansion flows). Here (1.1) and (1.2) are  replaced by the kinetic equations of nonequilibrium 

processes. 
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T H E  E A R T H ' S  N E G A T I V E  C H A R G E  

B. V.  V o i t s e k h o v s k i i  a n d  M. B. V o i t s e k h o v s k i i  UDC 537.1525:537.523 

The phenomenon of the e a r t h ' s  negative e l e c t r i c a l  charge ,  d i scovered  in the eighteenth century,  has 
a t t r ac ted  the i n t e r e s t  of many  schola rs .  

In the nineteenth century  at tention was called to the fact  that  with a constant  loss  of  cha rge  f r o m  the liquid 
and solid su r face  of the ear th  the t e r r e s t r i a l  sphere  should be d ischarged over  the course  of 10 mira After  
this ,  in tensive studies commenced  to de t e rmine  the m e c h a n i s m  of maintenance of this negat ive charge .  

However ,  even a t  p r e s e n t  no sa t i s f ac to ry  solution to this p r o b l e m  has been presented .  

The nature  of  the genera to r  which continually mainta ins  a negative charge  on the su r face  of  the ea r th  has 
not yet  been d iscovered .  It has been genera l ly  accepted  that in regions  of fair  weather ,  due to the conductivity 
of the a t m o s p h e r e  the ear th  only loses  negative charge ,  while this loss  in compensa ted  in inc lement  weather  
reg ions  by supply of negat ive cha rge  f r o m  the a tmosphe re .  Over the course  of this century  new theor ies  have 
been put fo rward  continually to explain the nature  of the genera to r  which compensa tes  charge  loss .  

The p r e sen t  study will cons ider  a m e c h a n i s m  for supply of negative charge  f rom the a tmosphe re .  In [1] 
the t e r m  "e lec t rograv i t a t ion  gene ra to r "  was introduced,  but Frenkel  ' did not apply the concept  to the p r o b l e m  
of the negat ive charge  of the ear th .  

The exis tence  of negat ive charges  in the lower port ion of clouds has been conf i rmed by many inves t iga tors  
(see,  e .g . ,  [2]). Under the act ion of gravi ta t ional  fo rces  the droplets  compr i s ing  a cloud a r e  in a s tate  of con-  
tinuous fall. During the fall f r o m  the lower  pa r t  of the cloud the drople ts  move into a reg ion  of dec reased  r e l a -  
t ive humidity,  located below the cloud. The drops falling f r o m  the cloud c a r r y  a negat ive charge .  Evaporat ing,  
they t r a n s f e r  this charge  to the a i r .  In [1] the p r o c e s s  of evapora t ion  of falling droplets  was cons idered ,  how- 
eve r  it  was not concluded that  ions a r e  t r a n s f e r r e d  into the a i r  volume in which evapora t ion  took place.  

The specif ic  g rav i ty  of the a i r  beneath the cloud, cooled by evapora t ion  of droplets  en ter ing  f l 'om the 
lower  cloud region,  and thus ca r ry i ng  a negat ive charge ,  i n c r e a s e s .  This leads to fo rmat ion  of a descending 
flow beneath the cloud, which c a r r i e s  negative cha rges  off with i tself .  

It is such negat ive cha rges  which Kelvin obse rved  when he detected a potential  gradient  invers ion  in the 
lower  l aye r s  of the a tmosphe re  up to 30 m [3]. 

S imi lar  effects  were  noted a t  the Eifel  T o w e r i n  [4]. Cha lmer s  [2] cal ls  at tention to the enigmat ic  nature  
of  these  phenomena.  He cons iders  the explanation of the maintenance of the e a r t h ' s  negat ive charge; to be one 
of the ma jo r  p rob l ems  of a t m o s p h e r i c  e lec t r ic i ty .  

Both these effects  can be explained by descending a i r  flows, made heavy by drople t  evapora t ion  and 
c a r r y i n g  negative charges .  The cold a i r ,  r each ing  the su r face  of the ear th ,  sp reads  out hor izonta l ly  and t r a n s -  
fe r s  its negat ive charge  p r i m a r i l y  to project ing objec ts ,  which, when a sufficient  charge  densi ty is r eached ,  
may  product  a scint i l la t ion known as "St. E l m o ' s  F i r e . "  The descending flows below s t o r m  clouds may  t r a v e r s e  
cons iderab le  d is tances ,  of the o rde r  of magnitude of kin, and by t r a n s f e r r i n g  their  negative cha rges  can p r o -  
duce a l l  the known potent ia l  gradient  anomal ies  descr ibed  in [2]. These anomal ies  a r e  ea s i ly  obse rved  in 
mountainous reg ions  near  the bases  of clouds. In less  f requent  cases  the bot tom of a cloud may  be~r  a posi t ive 
charge .  The cold flow descending to the ea r th  will then t r a n s f e r  posi t ive charge .  It can be shown that if in a 
given volume of a i r  there  ex is t s  a quantity of water  in the liquid phase ,  upon evaporat ion of this water ,  i .e. ,  
t r a n s f o r m a t i o n  f r o m  the liquid to the gaseous phase ,  the specif ic  g rav i ty  of this closed volume will i nc rease  
s ignific antly. 
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