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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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Pe @i = 0 2  for ~l= ~ (T--Ti); 02(~t('~), T)= (~a(~i(~), T); 
(4) 

o3 (~._ (~), ~) = o. 

In solving (1 ) - (4 ) ,  we used  the equat ion of  the k ine t ics  of  d i s so lu t ion  [6 ] 

dH Nu 
- -  ( %  - -  0 ) .  ( 5 )  

d ,  4 

We a r e  examining the c a s e  h << 1. Then, the r e a c t i o n  s u r f a c e  (Eq. (1)) can be  r e p r e s e n t e d  as fol lows:  h 
= hi (1  ~- 2elgo/~) (1 + k ~ ) ,  where  h 1 = h 0 ( 1 -  e0), e 1 = e 0 / ( 1 -  e0). 

The solut ion of  (1 ) - (5)  r e d u c e s  to finding the solut ion of  a d i f fe ren t ia l  equation for  the functioli ~o (~?,T), 
c h a r a c t e r i z i n g  the g e o m e t r y  of  the moving  s e p a r a t i o n  boundary :  

Pe 0q~ ( Pe k ) Nu r =__~_~ (Nu_~ Pe k 0 ~ . + _ _ _ _ +  Nu-t , q~-- - -  (6) 
Ov 4 &l 4 I + k*] ~ 2e~ k 4 1 + k~l 

The solut ion of (6) has  the fol lowing f o r m :  

and Y0?) 

exp {~ (4St + k 4 StyOl))&l} 
(p 1 +kvl  z 

= k 4 + y (~1), 

sa t i s f i e s  Eq. (7) 

Ped ( Pe k )  ,7, 
- ~ -  d~l + N u +  4 l + k ~ l  y ~ 2e~ 4 l+k~q. " 

The funct ion r ( R e / 4  (r  - ~?)) is d e t e r m i n e d  f r o m  the condit ion ~ ( ~ i (~), ~') = 0. 

The n u m e r i c a l  so lut ion of  (7) shows that  f o r  k ~ 10 TM - 10 -5 the funct ion y can be a s s u m e d  to be a con-  
s tant  equal to ~r(1 + e-~ -~ ). In this  c a s e  

2e~-o. 5 (1 -}- k~l) 

k%0.5 q~e~-0.5 4St - - - -  4St 

Here 

[ { ( ( ))}] 2s~ "5 ( l - - so )  l na  1 - -  @o St Pe T - - l ]  " a = 1 ~e0 .~  
~ =  1 + (1--eo) lna  1 - -exp  2%0.s ho - 4 -  ' 

The e x p r e s s i o n  found p e r m i t s  de t e rmin ing ,  f o r  g iven  d imens ions  of  the r e a c t i o n  su r f ace ,  f r o m  the condi t ion 
= ~ the dura t ion  of the p r o c e s s  of  d issolu t ion  o f  the sol id  phase  f r o m  the inne r  s u r f a c e  of  pipel ine.  F o r  k = 0, 

i t  goes  o v e r  into the equat ion fo r  the dependence  of  the d i s so lu t ion  t ime  of  the so l id  phase ,  d i s t r ibu ted  r e l a t i ve  
to the inner  wall of  the pipe a c c o r d i n g  to the law h = h0(1 - e 0 cos  9) (Eq. (1)); if  at  the s a m e  t ime  e 0 ~ 0, we 

obtain the d i sso lu t ion  t ime  ~ = 4 l'~u @,. ~ Pe 

N O T A T I O N  

Here  h = 5 / d ,  h 0 = 60 /d  , q = x /d ;  50, a v e r a g e  (over  the c r o s s  s ec t ion  of  the pipe) th ickness  of the sol id  
subs tance ;  d = 2R, d i a m e t e r  of  the pipeline;  x, longi tudinal  coord ina te ;  ~ ,  po l a r  angle;  e 0, cons tan t  (0 < e 0 -< 
1); v, k inemat i c  coef f ic ien t  of  m o l e c u l a r  v i scos i ty ;  D, coef f ic ien t  of  m o l e c u l a r  diffusion of  the impur i ty ;  | 
a v e r a g e  concen t r a t i on  of  the i m p u r i t y  in the c o r e  of  the flow; O~,  concen t r a t i on  of the i m p u r i t y  on the s u r f a c e  
of  d issolu t ion ,  wMch is cons tan t  within the di f fus ion sub layer ;  W, a v e r a g e  ve loc i ty  of  the flow; jw, i m p u r i t y  
flux f r o m  the d issolu t ion  s u r f a c e ;  ~" = t D/R 2, d i m e n s i o n l e s s  t ime ;  r = t l D / R  2, t ime  at which the b o r d e r  of  the c lean  pipe 
s u r f a c e  begins  to f o r m  at  the ini t ia l  sec t ion  as  a r e s u l t  of  total  t r a n s f o r m a t i o n  of  the sol id  phase  into the s o l -  
vent  flow; H, th ickness  of  the sol id  phase  l aye r ;  kp, r a t e  coef f ic ien t  fo r  d issolu t ion;  kp = D/A,  A,  th ickness  of  
the diffusion sub layer ;  Nu = k p d / D ,  diffusion Nusse l t  number ;  Re = ~ d / v ,  Reynolds  number ;  Pe  = R e P r ,  diffu-  
s ion Pee l e t  number ;  St = j w / p ~  (Oco - O), Stanton number .  
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M A S S  T R A N S F E R  F R O M  A M O V I N G  B U B B L E  

D U R I N G  A S L O W  C H E M I C A L  R E A C T I O N  

Y u .  I .  B a b e n k o  UDC 536.24.01 

A prev ious ly  p roposed  method for  solving inhomogeneous p rob l ems  in the theory  of heat  and 
m a s s  t r a n s f e r  is refined.  As an i l lus t ra t ion,  the s ta t ionary  m a s s  t r a n s f e r  f rom a moving bub-  
ble during a slow chemica l  reac t ion  of f i r s t  or  second o r d e r  is examined.  

We shall  examine  the p rob l em  

P OC OzC =O(~, % o~<~<o~, o < T < ~ ,  (1) 
0r 0~ z 

Cl~=o=C+(T); C[~=~=0, Ck=o=0,  (2) 

which desc r ibes  m a s s  t r a n s f e r  in a semiirffinite region under  the action of a source .  It is n e c e s s a r y  to find the 
quantity qs = (8C/8~) 4= 0, which de t e rmines  the m a s s  flux through the boundary of the region.  

As in [1],  we shal l  r e p r e s e n t  Eq. (1) in the f o r m  

O 0 

where  the f rac t ional  d i f ferent ia t ion ope ra to r s  a r e  defined by the express ions  

1 d f ( ~ -  z)'~ f(z) dz' - - ~ < v < l .  DV]:(x)= r (1 -v)  d.~. 
0 

The concentra t ion  gradient  sought at  the boundary is obtained as follows [ 1]. We apply the ope ra to r  in- 
v e r s e  to D - 3 /a  ~ on the left  side of  Eq. (3). For  (D - 8/8~ )-1, we prev ious ly  found an express ion  in the fo rm of 
an infinite s e r i e s .  It turns  out that  the i nve r s e  ope ra to r  can also be  wri t ten in the f o r m  

a~~ .--1 i (D t/2 ) f(~, x)= e -(n-~)D'/s f(B, T,)dq. (4) 

The following express ion ,  defined in [2],  en te rs  into the ope ra to r  in the integrand: 

"e--aDl/2f(~, T)= d S ( a ) ~ -  erfc ~ V-~--z f(~, z) dz. (5) 
0 
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