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E F F E C T I V E  P E R M E A B I L I T Y  OF  A H I G H L Y  P O R O U S  M E D I U M  

V.  I .  S e l y a k o v  UDC 536.21-'620.191.33 

The problem of hhe effective conductivity of a medium with a low concentrat ion of inclusions has been 
t rea ted  in many papers  (e.g., [1]). The case  of a medium with a random distribution of c i r cu la r  inclusions 
charac te r ized  by a binary corre la t ion  function was t rea ted  in [2] by using the apparatus of ensemble averages .  
We use methods of the theory of functions of a complex variable to solve the two-dimensional  problem of the 
effective permeabi l i ty  of a medium with translat ional  s y m m e t r y  of an ar rangement  of c i rcu la r  inclusions. 
Since a corre la t ion  function does not have to be defined for an ordered  ar rangement  of inclusions, the ef fec-  
t ive permeabi l i ty  of the medium can be determined when the concentration of inclusions is not low. By using 
methods of the theory  of functions of a complex variable,  we obtain an effective solution of this kind of p rob-  
lem fo r  inclusions of a rb i t r a ry  shape by conformal  mapping onto the ex te r ior  of a unit c i rc le .  In this sense 
the solution of the basic problem is reduced. The problem was solved by using the approach developed in [3, 4] 
for  determining the state of s t r e s s  of a plane weakened by an infinite number  of c i rcu la r  holes.  The basic idea 
of this approach consists  in represent ing the required  solution in the fo rm of a Laurent  se r i e s  by expanding it 
in t e r m s  of the smal l  pa r ame te r  ~ = 1 / l ,  where l is the distance between centers  of the inclusions, and using 
the basic idea of the Bubnov-Gale rk in  method to find the expansion coefficients.  As in the elast ici ty problem, 
this is an effective method of solving t ransmiss ib i l i ty  problems in a medium with an infinite number  of in- 
clusions.  By averaging the solution over  a macroscop ic  volume the effective t ransmiss ib i l i ty  coefficient of 
such a medium can be determined.  

Fi l t ra t ion in a Medium with Ci rcular  Inclusions. Let us consider  the steady fi l trat ion of a fluid in a 
medium with c i r cu la r  inclusions a r ranged  as shown in Fig.  1. Without loss of general i ty,  we take the inclusions 
of unit radius.  The dis tances along the x and y axes between the centers  of neighboring c i rc les  are assumed 
equal to l. Thus, the centers  of the c i rc les  lie at the points 

zn,p = l (n  + ip),  

where i = ~/-1; n = 0, +1, •  +~; p = 0, +2, . . .  +~.  As in [5], it is convenient to describe fi l tration flow 
by. introducing the complex potentials 

q~v = (kv/~)Pv + i~v, v = 0, t. 

Here ~0 corresponds  to the fi l trat ion region in the medium outside an inclusion, and ~l to the region inside an 
inclusion; the k~ are  the permeabi l i t ies  of the medium and inclusion, respectively;  p is the viscosi ty of the 
fluid; the P~ are  the p re s su res  of the fluid in the medium and within an inclusion respectively;  the r ~ are the 
flow functions. The complex potentials must  sat isfy Laplace ' s  equation 

zlgv = 0 (1) 

and are analytic in the respect ive domains of definition. In addition, the joining conditions 

~-~ni B.e % = ~ i  B.e (pl; (2) 

0 t 0 Re ~ 
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m u s t  be s a t i s f i e d  on the  b o u n d a r y  of an i nc lu s ion .  H e r e  the  f i r s t  equa t ion  r e p r e s e n t s  the c o n s e r v a t i o n  of f lux 
a long the n o r m a l  n 1 to  the  b o u n d a r y  of the  i nc lu s ion ,  arid the  s e c o n d  equa t ion  is ob t a ined  f r o m  the e q u a l i t y  of 
p r e s s u r e s  on the con tou r  o f  an i n c l u s i o n  a f t e r  d i f f e r e n t i a t i n g  th is  cond i t ion  wi th  r e s p e c t  to  the  c o o r d i n a t e  s 
m e a s u r e d  a long the con tou r .  The e x p r e s s i o n  Re q~  = 1/2(q~ + ~  ~) de no t e s  the r e a l  p a r t  of the p o t e n t i a l .  F r o m  
now on a b a r  o v e r  a quan t i ty  deno t e s  i t s  c o m p l e x  con juga t e .  P e r f o r m i n g  the  d i f f e r e r e n t i a t i o n  and adding Eqs .  
(2) and  (3) g i v e s  a r e l a t i o n  on the con tou r  of a c i r c u l a r  i n c l u s i o n  of uni t  r a d i u s  [5]: 

' t + a  ' 
(4) 

w h e r e  a = exp( i0 )  and a = k 0 / k  i.  

S i m i l a r  cond i t ions  m u s t  be s a t i s f i e d  on the  con tou r  of any i nc lu s ion .  In add i t ion ,  the r e a l  p a r t s  of the  
p o t e n t i a l s  m u s t  be  bounded  in t h e i r  d o m a i n s  of de f in i t ion  and s a t i s f y  a cond i t ion  at  in f in i ty .  When the f lux  d e n -  
s i t y  at  in f in i ty  u 0 i s  s p e c i f i e d  p a r a l l e l  to  the  x ax i s ,  the  p o t e n t i a l  ~0 can  be w r i t t e n  in the  f o r m  

9o = UoZ + 9~, 

w h e r e  the  func t ion  q~0 is  a n a l y t i c  ou t s ide  the  i n c l u s i o n s .  The  p o t e n t i a l s  be ing  sought  can  be w r i t t e n  in the  f o r m  
of L a u r e n t  s e r i e s ,  which,  t ak ing  account  of the  above ,  have  the  f o r m  

% = uoz + ~_~ a2 . 
n=-~ p=-~  k=l [z - -  l (n + ip)] ~' 

(5) 

% =  ~ b~z~. (6) 

]~ is  i n t e r e s t i n g  to  note  tha t  the e x p r e s s i o n  f o r  the p o t e n t i a l  ~0 is  in e s s e n c e  the  s u m  of p lane  m u l t i p o l e s  l o -  
c a t e d  at  the  c e n t e r s  of the  i n c l u s i o n s .  

Thus ,  the  s o l u t i o n  of the  p r o b l e m  is  r e d u c e d  to  the d e t e r m i n a t i o n  of the  unknown coe f f i c i en t s  a k and b k, 
which  can  be found f r o m  Eq,  (4). I t  fo l lows  f r o m  the s y m m e t r y  of the p r o b l e m  tha t  if  the p o t e n t i a l s  ~0 and ~ t  
s a t i s f y  (4) on one con tour ,  t hey  wi l l  a u t o m a t i c a l l y  s a t i s f y  th i s  cond i t ion  on any o t h e r  con tou r  (a - Zn,p). T h e r e -  
fo re ,  i t  i s  su f f i c i en t  to  c o n s i d e r  the  c a s e  a = exp ( i0 ) .  We note  tha t  i t  a l s o  fo l lows  f r o m  the s y m m e t r y  of the  
p r o b l e m  tha t  the  e v e n  coe f f i c i en t s  a k and bk  m u s t  v a n i s h .  

Equa t ion  (5) f o r  the po t en t i a l  con t a in s  the s e r i e s  e x p a n s i o n  p a r a m e t e r  ~ = 1 / 1  < 1 / 2 .  Th i s  c o n s i d e r -  
ab ly  s i m p l i f i e s  the  p r o c e d u r e  fo r  d e t e r m i n i n g  the c o e f f i c i e n t s  by us ing  the b a s i c  i d e a  of the  B u b n o v - G a l e r k i n  
m e thod .  We expand  in  s e r i e s  in p o w e r s  of e t e r m s  of the  type  [z - ( 1 / e ) ( n  + ip)] - k  of p o t e n t i a l  (5), and s u b -  
s t i t u t e  th i s  e x p a n s i o n  and  the  e x p r e s s i o n  f o r  the  po t en t i a l  ~ i  into the  cond i t ion  on the con tou r  (4). As  a r e s u l t  

we have  

By r e q u i r i n g  tha t  the  func t ion  F ( a )  be o r thogona l  to  the s e t  of func t ions  a •  (k = 0, 1, 2 . . . .  ), we ob ta in  an i n -  
f in i te  s y s t e m  of a l g e b r a i c  equa t ions  f o r  a k and b k. By r e t a i n i n g  a f in i t e  n u m b e r  of t e r m s  in the  s u m s  (5) and 
(6) i t  i s  p o s s i b l e  to  ob ta in  a f in i te  s y s t e m  of a l g e b r a i c  equa t i ons  and an a p p r o x i m a t e  s o l u t i o n  of the  p r o b l e m  
wi th  an a c c u r a c y  which  i n c r e a s e s  wi th  an i n c r e a s e  in the  o r d e r  of the  a p p r o x i m a t i o n .  F o r  e x a m p l e ,  in the  
s e c o n d  a p p r o x i m a t i o n  k = 1, 2, 3, the s y s t e m  of equa t ions  f o r  a k and b k h a s  the  f o r m  
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[(l - -  a)/2lb 1 = - - a l ,  [(l - -  a)/2]b3 = - - a  3, 

[(1 + a)/2lb 1 = u o - -  2alSace 2 - -  t2a3)~se~, [(t + a ) / 2 l b z  = - - a l ~ . #  ~ --10a~X6e 6, 

~q=oc, p ~ o o  

where  ).~ = z_~ ~ . Here  the a s t e r i s k  on the s u m m a t i o n  s ign  denotes  the o m i s s i o n  of the z e r o  t e r m  
~l~--oo,  p ~ - - o o  

n = p = 0 in the s u m .  It should  be no ted  tha t  the coef f ic ien ts  X t d e c r e a s e  rap id ly  with i n c r e a s i n g  t, and s u c -  
c e s s i v e  a p p r o x i m a t i o n s  conve rge  wel l  even  fo r  e ~ 1 / 2 .  

It is  of i n t e r e s t  to c o n s i d e r  the l i m i t  as  the i n c l u s i o n s  in the m e d i u m  become  m o r e  widely  spaced  (e << 
! / 2 )  and abso lu te ly  i m p e n e t r a b l e  (~ -~ o~). In th i s  case  qo 1 -~ blz  ~ 0, s ince  b 1 ~ 0 as c~ ~ ~o, and ~o0~ u0z + 
a I / z ,  where  a I = u0(c~ - 1)/(c~ + 1). Thus,  in  the l i m i t  the so lu t ion  a g r e e s  with the w e l l - k n o w n  so lu t ion  of the 
p r o b l e m  of the flow of an i n c o m p r e s s i b l e  f luid  a round  a c y l i n d e r  [5]: ~o 1 = 0, ~o 0 = u0(1 + l / z ) .  

F o r  a u n i f o r m  m e d i u m  (~ = 1), as should  be expected,  the so lu t ion  d e t e r m i n e s  the po ten t i a l  flow of a f luid 
with ve loc i ty  u 0. It  should be no ted  that if the c o n c e n t r a t i o n  of the i nc lu s ions  is not  low, u 0 lo ses  i ts  phys i ca l  
m e a n i n g .  In o r d e r  to  show this ,  l e t  us ca l cu l a t e  (q), the magn i tude  of f i l t r a t i o n  flow a v e r a g e d  over  a m a c r o -  
scop ic  vo lume .  It fol lows f r o m  the s y m m e t r y  of the p r o b l e m  that  

<q> = 7"7-2 0-~ Re % d g .  
0 x =  l /2  

Using (5), we obtain in the third approximation 

<q> = uo - -  2axf$,@ - -  2a3f~se ~, 

where  

(7) 

,~.p t ~ t . ~. 1.57; al = --~---bx; 

~1 1 2 t o 

It is c l e a r  f r o m  (7) that  fo r  low c o n c e n t r a t i o n s  of i n c l u s i o n s  ( a ~  0), u 0 ag rees  with ( ~  and r e p r e s e n t s  the 
ave rage  flux dens i ty  in  the m e d i u m .  F o r  a highly  porous  m e d i u m  (c~ = 0) the va lues  of the a k <  0, and the 
ave rage  f lux dens i ty  is l a r g e r  than  u 0, which lo ses  i t s  o r ig ina l  phys i ca l  m e a n i n g .  At the s a m e  t ime  the p o t e n -  
t i a l s  (5) and (6) s a t i s fy  the so lu t ion  of p r o b l e m  (1)-(3) but  c o r r e s p o n d  to the ease  when the ave rage  flux dens i ty  
is  d e t e r m i n e d  by (7). 

Effec t ive  P e r m e a b i l i t y  of a Medium.  F o r  p r a c t i c a l  p u r p o s e s  it is ve ry  i m p o r t a n t  to know the effect ive 
p e r m e a b i l i t y  of a m e d i u m .  Ave rag ing  ove r  a m a c r o s c o p i c  vo lume V can be p e r f o r m e d  m o s t  s i m p l y  by us ing 
the r e l a t i o n  g iven  i n  [1] 

where  q(z) is  the f i l t r a t i o n  flux outs ide and in s ide  the i nc lu s ions :  (q~ and (VP)  are  tile Values of the f lux and 
p r e s s u r e  g r a d i e n t  a v e r a g e d  over  a m a c r o s c o p i c  v o l u m e .  The i n t e g r a n d  is  d i f f e ren t  f r o m  z e r o  only ins ide  the 
i n c l u s i o n s ,  whose c o n c e n t r a t i o n  is  N. As a r e s u l t ,  the ave rage  value  of the p r e s s u r e  g r a d i e n t  is 

Here  L = f ( 0 / 0 x )  Re qh dr ,  where  the i n t e g r a t i o n  is not  ex tended  over  the whole m a c r o s c o p i c  vo lume,  but  only 
with one of the i n c l u s i o n s .  Accord ing ly ,  the ef fec t ive  p e r m e a b i l i t y  of the m e d i u m  is d e t e r m i n e d  with the f o r m -  
u la  (K) = # (q) / (VP) ,  and has the f o r m  

<K} = k0 [1 (kJ--kO) L N ] -  _ . 1, (8 )  
k x <q> 
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where <q) is determined by (7). Thus, to calculate the effective permeabil i ty  it i s  neces sa ry  to know the values 
of the coefficients in (6). In the f i r s t  approximation, retaining only the t e rms  with k = 1 in (5) and (6), we ob- 
tain b 1 = 2# 0/(~ + 1), and the express ion for  the effective permeabil i ty  is 

--2)~z ~_.ko <q> ] ' (9) 

where R is the radius of an inclusion. Fo r  NTrR 2 << 1, Eq. (9) gives the well-known formula  for  the effective 
t ransmiss ib i l i ty  of a medium with widely spaced independent c i rcu la r  inclusions: 

k - - k  
<K> ---- ko [ I -4- 2 ~  N~R~]. 

1+%:  J 

Successive approximations lead to a ref inement  of Eq. (9) and to an expression for  the case when the concen-  
t rat ion of the inclusions is not low. It is easy  to show that for  successive approximations L = blTrR 2, but the 
value of b t is changed: bl = 2un (a -t- t) [(• -]- t)~--3 (a--l)~k]es] -1 in the second approximation, and b t = 2u0(a +1) x 

[ 3(~-I)~(=+I)~ ] -~ 
( a + t )  2 (=+1)2_735~(~_t)~sl  6 in the  third approximation. Here ~ = 1 / l  = R(NI/2); ~4~3.247; ~8~ 

2.068. 

It is of in teres t  to consider  the limiting case of a highly porous medium (a ~ 0). The formula  c o r r e -  
spending to this case has the fo rm 

2m 0 -z 
<K>=ko{t--[t_O,3t3m~(l_O.331mS)-l][t.4_O,999mo_}_, O,OO2tm~] } , (]0) 

where m 0 = ~R2N is the porosi ty  of the medium. 

Figure 2 shows <K>/k 0, the reduced effective permeabil i ty  of the medium, as a function of its porosi ty.  
It is c lear  f rom the graph that the fami l ia r  l inear  relation (8) gives a good descript ion of the effective p e r -  
meability only for  low porosi ty  media(m 0 < 0.1). As m 0 - -  v / 4  the value of (K) /k  0 -  oo, and for  m 0 = v / 4  
the inclusions touch one another and form an infinite c lus ter .  In this case there is a jump in the t r a n s m i s s i -  
bility. In a sys tem with a random distribution of inclusions, such a c luster  is formed for appreciably smal le r  
values of the porosi ty  [6]. 

It should be noted that Eq. (10) was derived by assuming the l inear Darcy law, which does not hold for  
high fi l tration velocit ies.  In this case the fi l trat ion can be descr ibed by a two- te rm equation of the form [7] 

VP = ([t/<K>)v ~- (p/kp)v ~, (11) 

where p is the density of the fluid and v is its velocity.  When the second t e r m  on the r ight-hand side of Eq. 
(11) is small in comparison with the f i rs t ,  Eq. (11) goes over into the l inear Darey law. With an increase in 
the fi l trat ion velocity the t e rm quadratic in the velocity increases  more  rapidly than the l inear te rm,  and f rom 
a cer tain value v k it becomes dominant. In the equation describing the fi l trat ion of a fluid with higher ve-  
locit ies,  it is neces sa ry  to take account of inert ial  t e rms .  

It is of interest  to est imate the l imits  of applicability of the l inear  Darcy law for  describing fi l tration 
in a highly porous medium. To do this it is neces sa ry  to know kp in Eq. (11). We est imate it by using the ap- 
proach developed in [7]. According to [7] the quadratic t e r m  is related to VPp, the p r e s s u r e  gradient neces -  
sa ry  to overcome the fil tration res is tance related to the s t ructure  of the medium - t h e  const r ic t ion  and dilation 
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of the p o r e  c h a n n e l s .  The l i n e a r  t e r m  is  r e l a t e d  to the  p r e s s u r e  g r a d i e n t  VPp n e c e s s a r y  to  o v e r c o m e  i n t e r n a l  
f r i c t i o n  of the  v i s c o u s  f l u id  and f r i c t i o n  on the w a l l s  of the p o r e  c h a n n e l s .  The t o t a l  p r e s s u r e  g r a d i e n t  i s  d e t e r -  
m i n e d  by the s u m  of the  g r a d i e n t s  VPp and VPff.  

The p r e s s u r e  d r o p  VPp is  r e l a t e d  to  the  s u d d e n  b r o a d e n i n g  of a j e t  of f lu id  a c c o r d i n g  to  t he  B o r d a - C a r n o t  
t h e o r e m ,  g iven  by the r e l a t i o n  

APp : (p/2)(un--' ub~ 2, 

w h e r e  u n i s  the  a v e r a g e  f low v e l o c i t y  in the  n a r r o w  p a r t  of the channe l ,  and u b is  the  a v e r a g e  fiow v e l o c i t y  in 
the  b r o a d e n e d  p a r t  of the  channe l .  

T a l ~ g  accoun t  of the  fac t  t ha t  the  C h a r a c t e r i s t i c  d i s t a n c e  b e t w e e n  p o r e s  in the  m e d i u m  i s  lR,  the a v e r a g e  
va lue  of the  p r e s s u r e  g r a d i e n t  VPp can  be e s t i m a t e d  in the  f o r m  

VP0 ~ (p/2lR)(u.n~/t-b~2. (12) 

F o r  s t e a d y  f low ( u n - -  Ub) 

u n - -  Ub = <q>(I/Sn- l/Sb~, (13) 

w h e r e  S n and S b a r e  the  a r e a s  of the open ings  of the  p o r e  channe l s  in the  n a r r o w  and b r o a d e n e d  p a r t s  of the  
f low r e s p e c t i v e l y .  I n t r o d u c i n g  ( l / S }  (the a v e r a g e  va lue  of 1 / S ( x ) ,  w h e r e  S(x) is  the  a r e a  of the  open ing  of the  
p o r e  channe l s  in the  c r o s s  s e c t i o n  wi th  c o o r d i n a t e  x) ,  the  a v e r a g e  va lue  of the  f lux  d e n s i t y  in the  m e d i u m  can  
be written in the form 

<q> = (~,/mo)<l/S>. ( 1 4 )  

Subs t i t u t i ng  (13) and  (14) in to  (12) and c o m p a r i n g  the  r e s u l t  wi th  Eq.  (11), we obta in  

k~ . . . . .  ~ ~ S ~  \ 7 / }  " (15) 

We i n t r o d u c e  a quan t i ty  m n c h a r a c t e r i z i n g  the p o r o s i t y  of the  m e d i u m  ou t s i de  the  p o r e s ,  Then 

S n = mnlR. 

The quan t i ty  Sb c o r r e s p o n d s  to  the  c r o s s  s e c t i o n  p a s s i n g  t h r o u g h  the  c e n t e r  of the  p o r e :  

S b ---- 2[t  q- ( l  - -  i ) m n l R .  

By a v e r a g i n g  1 /S (x )  o v e r  an e l e m e n t a r y  v o l u m e  con ta in ing  the p o r e ,  we ob t a in  

\ z / -  ,, : 

w h e r e  a = l m n / 2 ( t  - mn) .  Subs t i tu t ing  the e x p r e s s i o n s  o b t a i n e d  f o r  S n,  S b,  and ( l / S }  in to  (15), we obta in  t he  
f ina l  e x p r e s s i o n  f o r  kp ,  which f o r  I m  n << 1 has  the  f o r m  

Le t  us e s t i m a t e  the  f i l t r a t i o n  v e l o c i t y  Vk f o r  wh ich  the  l i n e a r  and q u a d r a t i c  t e r m s  in  the  t w o - t e r m  Eq.  (11) 
a r e  equa l .  Us ing  (16) we f ind  

2~tRlra~ [ 
= mo ) (17) 

Subs t i t u t i ng  into (17) p = 10 -2 P ,  R/ = 10 -a m ,  m 0 = 0.636, m n = 10 -~, e = 0.45, k 0 = 10 -1 D, and d e t e r m i n i n g  
( K } / k  0 f r o m  F i g .  2, we ob ta in  v k ~ 10 m / s e c .  

Thus ,  the  i n c r e a s e  of the  p o r o s i t y  of a m e d i u m  as m 0 ~ u / 4  l e a d s  to  a s h a r p  i n c r e a s e  in the e f f ec t ive  
p e r m e a b i l i t y  (K) ,  which  in t u r n  f o r  a f i xed  p r e s s u r e  d r o p  l e a d s  to  an i n c r e a s e  in the  f i l t r a t i o n  v e l o c i t y  and an 
i n c r e a s e  in the  q u a d r a t i c  t e r m  in the  t w o - t e r m  f i l t r a t i o n  equa t ion .  As a r e s u l t ,  s t a r t i n g  f r o m  a c e r t a i n  va lue  
of the velocity, tl~e quadratic term becomes dominant, and a further increase in (K) has practically no effect 
on the filtration velocity. 
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The re la t ions  we have der ived enable us to de te rmine  not only the effect ive t r an smi s s ib i l i t y  of a med ium 
with c i r cu l a r  inclusions of a r b i t r a r y  concentrat ion,  but also to obtain an analytic solution of the two-d imen-  
sional p rob lem of f i l t ra t ion in a medium with t rans la t ional  s y m m e t r y  of inclusions.  The analytic solution can 
be obtained with any accuracy .  The solution we have p re sen t ed  was obtained in the th i rd  approximat ion  with 
an accuracy  of ~ es. The method used  can also be applied to solve t r ansmis s ib i l i t y  p r o b l e m s  in a med ium with 
inclusions of a r b i t r a r y  shape.  It  is ve ry  in teres t ing that when the concentra t ion of the inclusions is not low, 
the quantity u 0, cha rac te r i z ing  the flux densi ty at infinity for  a p rob l em with widely spaced  inclusions,  loses  its 
original physical  meaning,  and the solution obtained co r re sponds  to f i l t ra t ion of an average  flux density d i f fe r -  
ent f rom u 0. We note that  a s i m i l a r  effect  occurs  also in t rea t ing  t r a n s p o r t  p r o c e s s e s  in a c ry s t a l  la t t ice .  This 
fact  mus t  also be t aken  into account in t r ea t ing  e las t ic i ty  p r o b l e m s ,  for  whose solution the method used in the 
p resen t  a r t i c l e  was or iginal ly developed. 

The author  thanks V. S. Fet isov fo r  drawing his attention to the question of the phys ica l  meaning of a flow 
density speci f ied  at infinity fo r  a medium with t rans la t iona l  s y m m e t r y  of inclusions.  
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T H E R M A L  B O U N D A R Y  L A Y E R  O N  A 

W I T H  D I S T R I B U T E D  H E A T  S O U R C E S  

C Y L I N D R I C A L  G A S  C O L U M N  

Y u .  V .  S a n o c h k i n  UDC 553.6.011 

The study of  s t r e a m  in terac t ion  with a gas  domain where  energy l iberat ion occurs  is of p rac t ica l  and 
theore t ica l  in te res t .  We speak  of p rob l ems  when the leaking gas  pas ses  through the heat  l iberat ion space .  
The si tuat ion mentioned can occur  in meterology,  in s t r e a m  heating in an e lec t r ic  arc  or  other  f o r m  of e l e c -  
t r i ca l  d i scharge ,  in the a i r  cooling of s tabi l ized gas hea t - l ibe ra t ing  e lements  in r e a c t o r s ,  in powerful  e lec t ron  
beam or  other  kinds of penet ra t ing  radiat ion propagat ion in a gas  medium,  etc .  However ,  sys t ema t i c  computa-  
tions of the flow and h e a t - t r a n s f e r  pa t te rns  have been executed in application to conditions for  longitudinally 
a i r - coo led  s tabi l ized a r c s .  Thei r  resu l t s  are  shown mos t  complete ly  in [1-4]. Semiempi r i ca l  numer ica l  
[2, 4] and integral  [1, 3] methods were  used. There  is also a number  of theore t ica l  p a p e r s  of genera l  nature  
on flows with d is t r ibuted  heat  supply (see [5] and the citat ions there) and a cycle of invest igations devoted to 
l a s e r  beam propagat ion  and d i scharges  on a substance (see [6]) which are  p r i m a r i l y  of es t imat ing  nature  in 
the theore t ica l  pa r t .  

The purpose  of this paper  is to compute the t he rma l  boundary l aye r  being fo rmed  during a i r  cooling of 
a cyl indrical  gas  column with a r b i t r a r y  volume heat  sou rces  by an unbounded s t r e a m .  The s ta t ionary  p rob lem 
is examined under  the assumpt ion  that the main  heat  e l iminat ion mechan i sm is heat  conduction. We l imit  ou r -  
se lves  to the case  of longitudinal blowing around the column of hea t  l iberat ing gas .  In the r e fe rence  s y s t e m  
coupled to the f ree  s t r e a m  the p rob lem is fo rmula ted  differently:  de te rmine  the per turba t ion  of the gas  s ta te  
by the moving dis t r ibuted heat  sou rces .  

Moscow. Trans la ted  f r o m  Zhurnal Pr ikladnoi  Mekhaniki i Tekhnicheskoi Fiziki ,  No. 3, pp. 60-63, May-  
June, 1982. Original ar t ic le  submit ted May 6, 1981. 
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