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The resul ts  of a calculated investigation of the influence of different  operat ing pa rame te r s  on 
the charac te r i s t i c s  of a CO 2 gasdynamic l a se r  wi th  select ive thermal  excitation a re  presented.  

The calculation of the mixing of supersonic jets with allowance for  vibrat ional  relaxation is of great  in-  
te res t  in connection with the development of the technology of hypersonic  wind tunnels [ 1], with the invest iga-  
tion of spontaneous emission in jet engine s t reams  [2], and in connection with the creat ion of gasdynamic 
lasers  (GDL) with select ive thermal  excitation [3-18 ]. Exper imental  r e s e a r c h  conducted in recent  yea r s  [3-11] 
points to the possibil i ty of achieving higher values of the amplif icat ion fac tor  and specific power output in 
l a se r s  with mixing than occur  for GDL with premixing.  Along with the fur ther  development of experimental  
work, a very  urgent  task is the creat ion of an adequate numer ica l  model  of a l a s e r  and ca r ry ing  out both p a r a -  
metr ic  investigations and an analysis of the influence of separa te  fac tors  on GDL operat ion on its basis.  At 
present ,  however, extensive theoret ical  study of a mixing CO 2 GDL has been made only on the basis of the 
model of instantaneous mixing [12-14].  Of course,  calculations using this model will agree  well with exper i -  
mental data in the case when the mixing takes place in a nozzle gr id  [6] o r  the mixing unit proposed in [5] is 
used. But if CO 2 + He is mixed through a central  body [4, 11], with the injection i tse l f  taking place f rom a 
plane profiled nozzle [ 11 ] or  f rom round openings in the cent ra l  body (and the distance between openings is ap- 
proximately equal to their  d iameter ) ,  then effects of two-dimensional  mixing will play an important  role and 
neglecting them can lead to considerable overs ta tement  of the l a s e r  cha rac te r i s t i c s .  Moreover ,  in designing 
an optical resona tor  one must  have data on the profi les of densi ty  and amplif icat ion factor.  

In the l i te ra ture  there  a re  present ly  examples of the calculation of  je t  mixing in CO 2 GDL with selective 
thermal  excitation both on the basis  of a sys tem of boundary- layer  equations (narrow channel) [15-17] and us -  
ing a sys tem of simplified Nav ie r -S tokes  equations [ 11, 18]. In [ 17], in Par t icular ,  the solution is obtained us -  
ing a semiempir ica l  theory of turbulence based on an equation of  balance of pulsation energy with a universal  
set  of numerical  coefficients,  which was successful ly  applied ea r l i e r  to the analysis  of f ree  shear  flows [ 19, 
20]. The sa t i s fac tory  agreement  of the calculated resul ts  of [ 17] with experimental  data [4] on the distribution 
of the amplification fac tor  g for a weak signal, the CO 2 concentra t ion ~/, and the generat ion power provides a 
basis for using the proposed method for  a numerica l  pa r ame t r i c  invest igation of a CO 2 GDL with select ive 
thermal  excitation. 

C o m p a r i s o n  w i t h  E x p e r i m e n t a l  R e s u l t s  

Extensive data a re  presented in [ 10] on the influence of the pressu_re and t empera tu re  in the chamber  of 
a gas generator ,  obtained using a nozzle with a centra l  body s imi l a r  in construct ion to that of [4]. In making the 
corresponding calculations it was assumed that the half-height of the je t  for  CO z input is A0~ = 0.2 mm, the 
height of the hot ni trogen jet  is (AoE - A00 = 0.8 ram, the ra t io  of  the exit c r o s s  section to the cr i t ical  c ross  
section is A E/AoE = 15.7, the length of the supersonic  pa r t  of the nozzle  is x s = 60 ram, and the nozzle profile 
was borrowed f rom [21], in which the resul ts  of ealcu/ations of  nozzles  of minimum length having a corner  
point are  given (a profile for  a Maeh number  M = 4.5 and a ra t io  o f  specific heats Cp : c V = 1.4 were used) .  At 
the s tar t  of the calculation region the Maeh numbers  were  taken as  M01 = M0E = 1.2, the composition of the 
mixture of  the secondary jet was CO 2 : He = 1 : 4 (by volume) ,  the initial t empera tu re  was 300~ and the values 
of the remaining pa ramete r s  a re  given in Table 1. The length of the r e sona to r  along the s t r eam was taken as 
x r = 24 era, the distance between the m i r r o r s  was L = 17 cm, the coefficients of absorption of the m i r r o r s  were 
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Fig. 1. Specific power output and optimum coefficient 
of t r a n s m i s s i o n  of ex i t  m i r r o r  as  functions of s t agna-  
t ion p r e s s u r e :  I) expt.  [10]; II) ea lc . ,  a = 0.02; III) 
(a  + 5L)  = 0.05; s tagna t ion  t e m p e r a t u r e s  of n i t rogen:  
1) T o = 2000; 2) 2500; 3) 3000~ 4) t (T O = 2500~ 
N, J/g; P, Ml~a. 

TABLE 1. In i t ia l  1 ) a r a m e t e r s  of J e t s  

Parameter 

T,*K 
V, m/sec 

0,05 I 0,1. 

207 I 213 
823, 710 

V (CO) 
0,15 I 0,2 [ 0,25 

634 575 533 

0,3 I 0,4 O0 2500 3000 

I 
231 237 i 1552 
495 441 I 984 

1940 2328 
1078 1180 

3500 

2720 
1280 

oL 1 = o~ 2 -- 0.02, the coeff ic ient  of t r a n s m i s s i o n  t 1 equal led  zero ,  and t 2 was de t e rmined  in the cour se  of op t imi -  
zation.  

The r e s u l t s  of a c o m p a r i s o n  of e x p e r i m e n t a l  da ta  with the ca lcu la t ions  a r e  p r e s e n t e d  in Fig.  1. The s o m e -  
what h igher  value of the spec i f ic  power  output obta ined in the ca lcu la t ion  can be explained by the fact  that,  f i r s t ,  
l o s s e s  of v ib ra t iona l  energy  dur ing flow in the  s u b e r i t i c a l  p a r t  of the nozz le  were  ignored ,  and second,  the ac -  
tual  l o s s e s  in the r e s o n a t o r  (see  [22]) we re  not  taken  into account.  With an i n c r e a s e  in the total  coeff ic ient  of 
l o s s e s  p e r  pass  ( a  + 5L) to 0.05, for  example ,  the ca l cu la t ed  curves  a g r e e  cons ide rab ly  b e t t e r  with the e x p e r i -  
menta l  data.  The r e s u l t s  of the ca l cu l a t ed  op t imiza t ion  of the coeff ic ient  of t r a n s m i s s i o n  of the s e m i t r a n s p a r -  
ent m i r r o r ,  which ind ica te  the need to choose  t~ in  the cou r se  of mul t i f ac to r  opt imiza t ion ,  a r e  a l so  p r e s e n t e d  
in Fig .  1. It i s  impor t an t  to note that  the va lues  of t 2 obta ined in the ca lcu la t ion  l ie  within the l im i t s  of the 
t r a n s m i s s i o n s  of m i r r o r s  used  in  the e x p e r i m e n t  of [ 10]. 

R e s u l t s  o f  N u m e r i c a l  P a r a m e t r i c  I n v e s t i g a t i o n  

The ca lcu la t ions  were  made us ing a nozz le  p r o f i l e  bo r rowed  f rom [4],  Mach number s  M01 = M0E = 1.2, a 
s ta t ic  p r e s s u r e  at  the s t a r t  of the ca l cu l a t ed  r eg ion  1) 1 = 1) E = 0.204-1.632 MPa, which c o r r e s p o n d s  to a p r e s -  
s u r e  of 0.5-4 MPa in the c h a m b e r  of the gas  g e n e r a t o r ,  the t e m p e r a t u r e  and ve loc i ty  of the s t r e a m s  a r e  given 
in  Table  1, and the va lues  of the r e m a i n i n g  p a r a m e t e r s  a r e  given in [ 17]. To reduce  the number  of p a r a m e t e r s  
being va r i ed  in this  sec t ion,  the ca lcu la t ions  w e r e  made  with the condit ion of opera t ion  of the l a s e r  in the a m -  
p l i f i ca t ion  mode,  i . e . ,  without a l lowance fo r  l o s s e s  a t  the m i r r o r s .  The in tens i ty  of the f ie ld of the m a s t e r  
g e n e r a t o r  was 10 k W / c m  2 and the length of the r e s o n a t o r  along the s t r e a m  was 8 and 40 era. 

In Fig .  2 we p r e s e n t  the r e s u l t s  of  a ca l cu la t ion  of the spec i f ic  power  output and the ave rage  value of the 
AE 

ampl i f ica t ion  fac to r  g = f  g(y)dy[~4~ at  the  nozz le  cut  for  d i f fe ren t  values  of the opera t ing  p a r a m e t e r s .  We note 
0 

that  for  ce r t a in  suff ic ient ly  high va lues  of 3/ the ampl i f i ca t ion  fac tor  fa l l s  to ze ro  at  x r < 40 cm. As seen  f rom 
the f igure ,  the opt imum compos i t ion  of the s e c o n d a r y  j e t  e s sen t i a l l y  depends both on the p r e s s u r e  and on the 
t e m p e r a t u r e ,  with an i n c r e a s e  in 1) and T r e s u l t i n g  in  a d e c r e a s e  in the op t imum value  of T. It is  impor t an t  to 
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Fig .  2. S p e c i f i c  p o w e r  output  (a, b) and  a v e r a g e  a m p l i f i c a t i o n  f a c -  
t o r  f o r  a weak  s i g n a l  (c)  a t  t he  n o z z l e  cu t  a s  func t ions  of  CO 2 c o n -  
t en t  in  the  s e c o n d a r y  s t r e a m  [a) x r = 40; b)  8 ore] :  1-3)  T O = 
2500; 4 -6 )  3000~ 1, 4) P0 = 1; 2, 5) 2; 3, 6) 3 MPa;  I) a m p l i f i c a -  
t ion f a c t o r  g < 0 at  x r < cm; g, m - k  

no te  tha t  in  the  o p e r a t i o n  of  a l a s e r  with the  o p e r a t i n g  p a r a m e t e r s  1~ 0 = 3 M P a  and T O = 3000~ a m i x t u r e  of 
CO 2 : He = 1 : 9 i s  o p t i m u m  f r o m  the p o i n t  of  v iew of  ob ta in ing  the  m a x i m u m  p o w e r  output ,  whi le  a t r a n s i t i o n  to 
a 1 : 4 m i x t u r e ,  u s e d  m o s t  of ten  in  e x p e r i m e n t ,  d e c r e a s e s  the  p o w e r  output  by  25%. It i s  i n t e r e s t i n g  tha t  fo r  both 
s h o r t  and long r e s o n a t o r s  t he  d e c r e a s e  in N with an i n c r e a s e  in  T a t  5, > Yopt i s  w e a k e r  a t  T o = 2500~ This  
happens  b e c a u s e  the gas  t e m p e r a t u r e  in t h e  r e s o n a t o r  d e c r e a s e s  in the  g iven  c a s e ,  i . e . ,  g r e a t e r  r e l a x a t i o n  
l o s s e s ,  which g r o w  with an  i n c r e a s e  in the  CO 2 c o n c e n t r a t i o n ,  a r e  p o s s i b l e .  The  r e s u l t s  p r e s e n t e d  in  F ig .  2 i n -  
d i c a t e  tha t  f o r  a l l  v a l u e s  of  the  o p e r a t i n g  p a r a m e t e r s ,  the  v a l u e  of  ~ / n e e d e d  to a c h i e v e  the m a x i m u m  g i s  con -  
s i d e r a b l y  h i g h e r  than n e e d e d  to ob t a in  the  m a x i m u m  s p e c i f i c  p o w e r  output .  A s  i s  known, th is  f ac t  has  a l r e a d y  
been  no ted  r e p e a t e d l y  in  the  l i t e r a t u r e  ( s e e  [23] ,  f o r  e x a m p l e )  in a p p l i c a t i o n  to GDL with p r e m i x i n g .  The  r e -  
s u l t s  ob t a ined  i n d i c a t e  tha t  the s p e c i f i c  p o w e r  output  i s  about  ha l f  as  g r e a t  f o r  a s h o r t  r e s o n a t o r  a s  fo r  a long 
one.  Ev iden t l y ,  an i n c r e a s e  in  the  f i e ld  i n t e n s i t y  (due to an i n c r e a s e  in the  d i s t a n c e  be tw e e n  m i r r o r s )  does  not  
l e a d  to a s i g n i f i c a n t  i n c r e a s e  in N f o r  x r = 8 ore, s i n c e  a long  with the  l i m i t i n g  i n f l uence  of  the r a t e  of  t r a n s f e r  
of  v i b r a t i o n a l  e n e r g y  f r o m  N 2 to v3CO 2 f o r  the  c a l c u l a t e d  m i x i n g  uni t  i t  i s  i m p o r t a n t  tha t  the  m i x i n g  con t inues  
in  the  r e s o n a t o r .  

T h e s e  r e s u l t s  do not  p e r m i t  an e s t i m a t e  of  the i n f luence  of d i f f e r e n t  f a c t o r s  on the  s p e c i f i c  p o w e r  output ,  
and t h e r e f o r e  in  F ig .  3 we p r e s e n t  d a t a  on the e f f i c i e n c i e s  of  the  n o z z l e  (~n)  and the  r e s o n a t o r  ( ~ r ) ,  the  m i x i n g  
e f f i c i ency  fl = CN2 (y = 0) :CN2 (y = A E ) ,  and  the  a v e r a g e  v a l u e  of  the a m p l i f i c a t i o n  f a c t o r  a t  the  g a s  ex i t  f r o m  

the  r e s o n a t o r .  A s  s e e n  f r o m  the  f i g u r e ,  ~?n d e c r e a s e s  with an i n c r e a s e  in  the  CO 2 c o n c e n t r a t i o n  and e x c e e d s  
the  v a l u e  of  7/n = 0.65 in  a l l  c a s e s .  F o r  a GDL with mix ing ,  h o w e v e r ,  th is  quan t i ty  does  not  c h a r a c t e r i z e  the  
n o z z l e  e f f i c i ency  so  fu l ly ,  s i n c e  c l o s e n e s s  of  Vn to un i ty  i n d i c a t e s  p o o r  m i x i n g  of  N 2 and CO 2 + He. T h e r e f o r e ,  
the v a l u e s  of  the  m i x i n g  e f f i c i ency  a t  the  n o z z l e  cu t  and at  the  end of  the  r e s o n a t o r  a r e  a l s o  g iven  in  F ig .  3a. It 
i s  s e e n  tha t  fl i n c r e a s e s  with an  i n c r e a s e  in the  CO 2 c o n c e n t r a t i o n .  Th i s  i s  exp l a ined  by  the f ac t  tha t  a t  a f i xed  
va lue  of  M01 an  i n c r e a s e  in  7 l e a d s  to a d e c r e a s e  in  the  v e l o c i t y  of the  s e c o n d a r y  s t r e a m  ( s e e  T a b l e  1), and 
h e n c e  the  d i f f e r e n c e  in the  v e l o c i t i e s  of  the  N 2 and CO 2 + He s t r e a m s  i n c r e a s e s  and the  e f f ec t i ve  c o e f f i c i e n t  of  
t u r b u l e n t  v i s c o s i t y  i n c r e a s e s  a c c o r d i n g l y .  The  p r e s e n c e  of i n f l ec t i on  po in t s  on the c u r v e s  i s  e v i d e n t l y  e x p l a i n e d  
by  the  c o m p l e x i t y  of  the p r o c e s s  of  t u r b u l e n t  m i x i n g  in the  p r e s e n c e  of  a s t r o n g  n e g a t i v e  p r e s s u r e  g r a d i e n t .  
The  m i x i n g  e f f i c i ency  does  not  e x c e e d  60%, which po in t s  to the  need  f o r  f u r t h e r  i m p r o v e m e n t  of  the n o z z l e  un i t s  
be ing  u s e d .  An i n c r e a s e  in  p r e s s u r e  l e a d s  to a s l i g h t  d e c r e a s e  in  fl, wh i l e  an  i n c r e a s e  in  n i t r o g e n  t e m p e r a t u r e  
c a u s e s  a c e r t a i n  i n c r e a s e  in  i t ,  which  i s  c o n n e c t e d  with the  i n c r e a s e  in the  v e l o c i t y  V0E ( s ee  T a b l e  1). 

Da t a  on the  r e s o n a t o r  e f f i c i ency  a r e  p r e s e n t e d  in F ig .  3b and c.  The  e f f i c i e n c y  of  a r e s o n a t o r  with x r = 
8 c m  does  not  e x c e e d  ~ r  = 0.35. With  x r = 40 c m  the e f f i c i e n c y  r e a c h e s  65~o fo r  the  mode  of  f low with the  
p a r a m e t e r s  T O = 2500~ P0 = 1 M P a ,  and  ~, = 0.25. A s  s e e n  f r o m  a c o m p a r i s o n  of  F i g s .  2a, and  3b and e, with 
Xr = 40 e m  one  o b s e r v e s  s i m i l a r i t y  in  the  d e p e n d e n c e s  of  N and 77 r on ~,. Such s i m i l a r i t y  i s  not  o b s e r v e d  with 
x r = 8 cm,  h o w e v e r .  With  x r = 8 cm,  P0 = 2 MPa ,  and  T O = 2500~ f o r  e x a m p l e ,  N r e a c h e s  the  m a x i m u m  v a l u e  
a t  T ~" 0.2, w h e r e a s  ~/r con t inues  to i n c r e a s e  a t  h i g h e r  v a l u e s .  
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F ig .  3. N o z z l e  e f f i c i e n c y ,  m i x i n g  e f f i c i e n c y  ( a ) ,  r e s o n a t o r  e f f i z  
c i e n c y  (b, c), and a m p l i f i c a t i o n  f a c t o r  f o r  a weak  s i g n a l  a t  the  g a s  
ex i t  f r o m  the  r e s o n a t o r  (d) a s  func t ions  of  CO 2 con ten t  in  the  
s e c o n d a r y  s t r e a m :  I) Xr = 8; II) 40 cm;  III)  m i x i n g  e f f i c i e n c y  fl 
a t  n o z z l e  cut .  1-6)  Same as  in  F i g .  2. 
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F ig .  4. In f luence  of s t a g n a t i o n  t e m p e r a t u r e  and p r e s -  
s u r e  on GDL c h a r a c t e r i s t i c s :  I) P0 = 1; II) 3 MPa;  III)  
T O = 2500; IV) 3000~ 1) N, J / g ;  2) Vr; 3) ~?n; 4) 
a m p l i f i c a t i o n  f a c t o r  a t n o z z l e  cut; 5) a m p l i f i c a t i o n  f a c -  
t o r  a t  ex i t  f r o m  r e s o n a t o r .  

The r e s o n a t o r  e f f i c i e n c y  can  a l s o  be  e s t i m a t e d  f r o m  the  a m p l i f i c a t i o n  f a c t o r  a t  t he  gas  ex i t  f r o m  the  
r e s o n a t o r ,  and so the  c o r r e s p o n d i n g  c a l c u l a t e d  d a t a  a r e  p r e s e n t e d  in  F ig .  3d. It i s  s e e n  f r o m  the  f i g u r e  tha t  fo r  
m o d e s  with the  m a x i m u m  p o w e r  output ,  i t s  f u r t h e r  i n c r e a s e  i s  p o s s i b l e  e i t h e r  t h rough  an i n c r e a s e  in  the  r e s o -  
n a t o r  l eng th  o r  t h rough  an  i n c r e a s e  in the  f i e l d  i n t e n s i t y .  

The  r e s u l t s  of an  i n v e s t i g a t i o n  of  the  i n f l u e n c e  of  the  i n i t i a l  n i t r o g e n  t e m p e r a t u r e  on the GDL c h a r a c t e r -  
i s t i c s  a r e  p r e s e n t e d  in  F i g .  4. I t  i s  i m p o r t a n t  to e m p h a s i z e  tha t  a t  P0 = 3 M P a  the  p o w e r  output  a t  T o = 3500~ 
i s  a l m o s t  ha l f  a s  much  as  a t  the  o p t i m u m  t e m p e r a t u r e  of 2500~ w h e r e a s  the  a m p l i f i c a t i o n  f a c t o r  a t  the n o z -  
z l e  cu t  a t  the  m a x i m u m  t e m p e r a t u r e  d e c r e a s e s  i n s i g n i f i c a n t l y  c o m p a r e d  with  i t s  m a x i m u m  va lue .  An  a n a l y s i s  
of the  n o z z l e  and r e s o n a t o r  e f f i c i e n c i e s  a s  func t ions  of  T o shows  tha t  t he  d e c r e a s e  in  N i s  due m a i n l y  to the 
d e c r e a s e  in 77 r owing to the  i n c r e a s e  in  the  g a s  t e m p e r a t u r e  in  the  r e s o n a t o r .  

An  i n v e s t i g a t i o n  of  the  d e p e n d e n c e  of  the  s p e c i f i c  p o w e r  output  on the  s t a g n a t i o n  p r e s s u r e  i s  of g r e a t  i n -  
t e r e s t ,  s i n c e  an i n c r e a s e  in P0 s i m p l i f i e s  the  p r o b l e m  of  r e s t o r i n g  the  p r e s s u r e  in  the  s t r e a m  to a t m o s p h e r i c  
( s e e  [ 11],  f o r  e x a m p l e ) .  The  r e s u l t s  of the  c o r r e s p o n d i n g  c a l c u l a t i o n s  a r e  p r e s e n t e d  in  F ig .  4. As  s e e n  f r o m  
the f i gu re ,  f o r  T O = 2500 and 3000~ the  m a x i m u m  p o w e r  ou tput  i s  r e a c h e d  a t  p r e s s u r e s  of 1 and 0.5 MPa ,  r e -  
s p e c t i v e l y .  The  fac t  tha t  a t  P0 > 2.2 M P a  the  p o w e r  output  i s  h i g h e r  f o r  T O = 2500~ than  fo r  3000~ i s  of c o n -  
s i d e r a b l e  i n t e r e s t .  In t h i s  c a s e  a l s o ,  the  d e c r e a s e  in p o w e r  ou tput  i s  due m a i n l y  to the  d e c r e a s e  in the  r e s o -  
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nator  efficiency, due f i r s t t o  the i nc rea se  in gas t e m p e r a t u r e  in it and second to the i nc r ea se  in re laxat ion 
losses .  

Thus, the resu l t s  p resen ted  above indicate the poss ibi l i ty  of achieving high specif ic  power  output in GDL 
with se lec t ive  t he rma l  excitat ion with the appropr ia te  opt imizat ion of all  the operat ing p a r a m e t e r s .  The ca lcu-  
lated data allow one to e s t ima te  the mixing efficiency and the nozzle and r e s o n a t o r  eff lciencies and make  
recommendat ions  on their  improvement .  The invest igat ion of the influence of the nozzle  shape and the mixing 
c ro s s  sect ion on the power  output and a compar i son  of CO 2 and N20 GDL remained  outside the scope  of the 
work. It is p roposed  to do this in the future.  

NOTATION 

c, m a s s  concentration; g, ampli f icat ion fac tor  for  a weak signal; t, coeff icient  of t r ansmi s s ion  of m i r r o r ;  
xs ,  length of supersonic  pa r t  of nozzle; x r ,  length of resona tor ;  Aol , ha l f -height  of je t  for  de l ivery  of CO 2 + He; 
AoE, half-height  of initial c ro s s  sect ion of nozzle; AE, half-height  of exit  c ro s s  section; L, d is tance between 
m i r r o r s ;  M, Mach number;  N, specif ic  power  output; P, p r e s s u r e ;  T, t empera tu re ;  Po, To, n i t rogen stagnation 
p r e s s u r e  and t empera tu re ;  V, velocity; ~,  coefficient  of absorpt ion of m i r r o r ;  fi, mixing efficiency; 7, volu-  
me t r i c  concentra t ion of CO 2 in secondary  s t r eam;  5, coefficient  of l inear  at tenuation of radiation; V n, nozzle  
efficiency; Yr, r e sona to r  efficiency. 
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DISSOLUTION OF A SOLID PHASE BY FLUID 

FLOWING IN A CYLINDRICAL PIPELINE 

R. Z. Shirgazina and P. I. Tugunov UDC 541.1:532.72 

The problem of mass  t ransfer  f rom the inner surface  of a cylindrical  pipeline in the p resence  
of dissolution of a solid phase in the turbulent fluid flow is examined. 

The heterogeneous t ransformat ion  surface relat ive to the inner wall of a pipeline is 

h = h0(1 - -  e0 cos (P) (1 + k~). (1) 

The distribution (1) occurs  in main pipelines af ter  they are  cleaned with heavy mechanical  devices - 
s c rape r s  and separa tors .  Due to their  intr insic weight, solid deposits a re  more  completely removed f rom the 
bottom of the pipe: q) = 0, h = h0(1 - e0) (1 + k~?) is the smal les t  thickness of the deposits along the lower gene r -  
atr ix of the pipe; ~o = 7r, h = h0(1 + e0) (1 + kT/) is the g rea tes t  thickness along the upper generatr ix ,  0 ~ ~o_< ~. 
The factor  (1 + k~) takes into account the change in thickness of the solid phase along the pipe as a resu l t  of 
deformation and wear of the packing elements of the separa tors  and sc rape r s .  

Pa r t i cu la r  cases  of the problem proposed a re  examined in [1], which is concerned with the problems of 
mass  t ransfer  in main pipelines. 

We are  examining the case of large  diffusion Prandtl  numbers P r  = v/D. Then, the concentrat ion of the 
impuri ty in the fluid will change within the viscous sublayer  [2] and for a one-dimensional  stabil ized flow, its 
average  (over the c ross  section of the pipe) value can be determined f rom the following equation [3-5] :  

Pe Pe 0~i{;~Pe O@, St Pe (O~ - -  @i) = 0, i = 1  for Re ('c--wi) ~ 1 ~ - ~ -  w, i = 2  for ~ i ( ' ~ ) ~ q <  T (w--%). (2) 
0f 2 &l 2 

With the appearance of a ciean pipe surface,  for any c ross  section, Eq. (2) has the form 

;OO___aa q_ Pe OOa StPe(O~--Oa) ( 1 - -  ~p ) = 0 ,  (3) 
& 2 Or I , a 

which stems f rom the form of the distribution of the third phase (charac ter i s t ic  (1)) and occurs  for  ~l(r) _< ~ <_ 
( 2 ( r ) .  Here and in (2) above, (1(7) and ( 2 ( r ) ,  which a re  functions determined f rom the conditions qo (~ l ( r ) ,  
r )  = 0, and ~0((2(r), r) = % indicate the boundary coordinates of the clean border  of the pipe. The impuri ty  con- 
centrat ion function is continuous along the pipe, so that the following boundary conditions a re  valid: 
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