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The r e su l t s  a r e  p resen ted  of a theoret ica l  and exper imenta l  study of convec t ive -d i f fu s ive  
t r a n s f e r  of an admixture  inside a cyl inder  for  f r ee  gas exchange between the flow and wall  
when Re -> 3.3 �9 104. 

When studying ce r t a in  p rob l em s  of the ae rogas  dynamics  of mines  it is n e c e s s a r y  to cons ider  the 
t r a n s f e r  of sorbed  admix tures  with the venti lat ion flow along the mines .  Such a case  occurs ,  for  example ,  
during movement  of iner t  gases  in a working,  dr iven  along a coal s e a m , w h e n  the gases  a re  sorbed  by the ex-  
posed su r faces  of the s e a m .  

It is n e c e s s a r y  to cons ider  the movement  of iner t  gases  along mines in the case  of the r e l e a s e  of 
gases  into f i r e  zones being isolated to p reven t  an explosion.  

We will cons ider  below the p rob l ems  of the dynamics  of the concentrat ions of sorbed  inert  gases  in 
a turbuIent  venti lat ion flow for  Re -> 3.3 �9 104. 

The following assumpt ions  a r e  made in formula t ing  the p rob lem:  1) there  is no accumula t ion  of the 
sorbed  admix ture  in the s e a m ,  which holds in p r ac t i c e  for  shor t  t ime intervals ;  2) the mine is r ep re sen t ed  
as a semi inf in i te  cyl inder ;  3) the concentra t ion  of the admix ture  is dis t r ibuted un i fo rmly  in the initial s e c -  
tion. 

Since p r o c e s s e s  of the movement  of gases  r e p r e s e n t  typical  m a s s - t r a n s f e r  p r o c e s s e s  and in the given 
p rob l em we a re  consider ing the t r an s f e r  of an admix ture ,  then taking account of the assumpt ions  made,  the 
gas flow through the mine workings can be descr ibed  by the following equation [1] 

with initial and boundary conditions 

c(x, r, 0)=0; c(o, r, 0 = f ( 0 ;  
(2) de 

e(r r, t )=o;  - -  +~c/ =0. 
Or r=a l,'=~ 

The l a s t  of the boundary conditions re f lec t s  absorpt ion  of the admixture  by the wails  of the mine with 
a constant  gradient ,  i .e. ,  d i rec t ly  p ropor t iona l  to the concentra t ion.  

P e r f o r m i n g  in Eq. (1) and in boundary conditions (2) the substi tut ions x = c~, r -- no, t = a2~-/r and using 
the Laplace  t r a n s f o r m  with r e s pec t  to va r i ab le  ~-, we obtain 

02G + 1 0 ( 0 G o )  OG + 
0~ O OO p = v ~ - (  p6, (3) 
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O6 
6(0, p, "O=r  6(oo, 9,-c)=O, -~p -kA6=O,  (4) 

where  A = ~oa, and G and ~(p) a re  t r a n s f o r m s  of functions c and f(t), r e spec t ive ly .  

Applying to (3) the in tegral  t r ans fo rma t ion  S GPJo(Xp)dp = q and using the l as t  of boundary  conditions 
0 

(4), we obtain the equation 

O~q q- (k~q - p)q--v Oq =0, (5) 

the solution of which taking account of the condition G(~, p, ~-) = 0 is 

q = c l e x p  - -  ~ + ~ 2 + p  ~ . 

The solution for  G can be r ep re sen t ed  by  the s e r i e s  
ca 

CT+ +4q 
n = !  

Finding A n with r e s pec t  to the f i r s t  of conditions (4) and then pass ing  to the or iginal  and re turn ing  to the 
old va r i ab l e s ,  we obtain 

[+(  r i- F (t - -  rl ~) exp x _ ~ 1  drl, (8) 
c =  B~ ~l ~ - -  ~ U~l-- ~l 

n = l  0 

where  

the X n a re  the roo ts  of the equation AJ0(X ) + J~ (79 = 0. 

Averaging  e over  r ,  we obtain 

r 

0 

F (t - -  1] 2) exp[ 1 . [  x \ ~ V-{x~l]dy" 
T ~  ? ~ - - - ~ - ) - - ~ -  

(9) 

The re su l t s  of calculat ions by Eq. (9) were  checked by compar i son  with field observa t ions  d i rec t ly  
under  mine condit ions.  

The exper imenta l  conditions were  as fol lows.  In the initial sect ion (x = 0}, carbon dioxide was r e l ea sed  
at a ce r t a in  r a t e  into the venti lat ion flow pass ing  along the mine.  Samples of the carbon d i o x i d e - a i r  mixture  
we re  col lected in evacuated bot t les  a t v a r i o u s  d is tances  f r o m  the initial sect ion at var ious  t imes .  The s a m -  
p les  were  col lected s imul taneous ly  at s eve r a l  points of the sect ion,  and, a f ter  analysis  the ave rage  concen-  
t ra t ions  over  the sect ion were  calculated.  

In one of the exper iments ,  the carbon dioxide was r e l ea sed  so that its ave rage  concentra t ions  in the 
initial sect ion va r i ed  according to the function f(t) = 0.0237t 4 exp[-0.1335t] .  The ave rage  ve loc i ty  of the gas 
- a i r  mixture  over  the sect ion was 0.1 m / s e c .  At a dis tance of 180 m f r o m  the initial sect ion we took s a m -  
ples  and then calculated the ave rage  CO 2 concentrat ion over  the sect ion.  The s a m e  concentra t ions  were  
calculated by Eq. (9} on the Ura l -4  computer  according  to a p r o g r a m  using the Gauss method for  calculat ion 
(the number  of nodes was 40}. 

The theoret ical  curve  of the change of carbon dioxide concentra t ion and the exper imenta l  values  a re  
shown in Fig.  1. As follows f r o m  Fig.  1, the ag reemen t  of the measu red  values of the concentra t ion with the 
calculated values is s a t i s f ac to ry .  
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Fig.  1. Theore t ica l  curves  and r e su l t s  of observa t ions  of the change of 
ca rbon  dioxide concentra t ion,  %, in t ime ,  sec ,  in the initial sect ion (1) 
and at a dis tance of 180 m f r o m  it (2). 

Fig .  2. Curves  of the change of the re la t ive  ca rbon  dioxide concen t ra -  
t ions along the path of its movement  through the mine at flow ve loc i t ies :  
1) 0.15; 2) 0.30; 3) 0.60; 4) 2.0; 5) 5.0 m / s e c .  

For  p rac t i ca l  r e l e a s e s  of carbon dioxide into f i re  zones,  the change of CO 2 concentra t ion in the initial 
sect ion occurs  most  often according to re la t ions  descr ibed  by the express ion  

f (t) = k[1-- exp (--  at)]. (10) 

Substituting (10) into (9) and calculat ing the values  of c for  different x and t with other  constant  values  
of the p a r a m e t e r s ,  we obtain the change of CO 2 concentrat ions according to curves  s i m i l a r  in appearance  to 
curve  (10). In this case ,  however ,  the max imum concentra t ions  of the gas in the wave dec r ea se  as it moves  
through the mine.  

F igure  2 shows the curves  of the re la t ion  between the re la t ive  gas concentra t ion and the dis tance f r o m  
the place  of its r e l e a s e  for  different  flow veloci t ies  u and constant values  of a and r Here  the re la t ive  con-  
cent ra t ion  means  the ra t io  of the m ax i m um  concentra t ion at a given distance f r o m  the initial sect ion to the 
concentra t ion in the initial sect ion.  As we see  f r o m  Fig.  2, the gas  concentra t ions  dec r ea se  with an in- 
c r e a s e  of the dis tance f r o m  the place  of r e l eas ing  the gas .  The gas concentra t ions  inc rease  with an in- 
c r e a s e  of the flow veloci ty  for  a fixed value of x. 

When re l eas ing  carbon dioxide into f i re  zones being isolated for  the purpose  of prevent ing  an explo-  
sion it is usual ly  n e c e s s a r y  to fill  the zones with gas to concentrat ions of the o rde r  of 30%, thereby reduc-  
ing the oxygen content to 15%. We can conclude f r o m  the graph p resen ted  that it is poss ib le  to achieve such 
a CO 2 concentra t ion,  for  example ,  at a flow veloci ty of 0.15 m / s e c  at d is tances  up to 700 m only and at a 
flow veloc i ty  of 0.6 m / s e c  at d is tances  up to 1200 m.  

These  re la t ions  for  the change in concentra t ion of the gas over  its t r ave l  path were  checked in ex-  
p e r i m e n t s  under  mine conditions and good ag reemen t  was found between the theore t ica l  and exper imenta l  
va lues .  
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r ~ x  
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f(t) 
a = A/q~; 
A 

= x / a  , 

o = r / a ,  

r = t r  

Re 

N O T A T I O N  

is the concentra t ion  of admixture ,  %; 
a r e  the space  coord ina tes ,  m; 
is the t ime  coordinate ,  sec;  
is the radius  of cy l inder ,  m; 
is the coefficient  of turbulent  mixing,  m~/sec;  
is the flow veloci ty ,  m / s e c ;  
is the function of the change of concentra t ion in the initial (x = 0) sect ion,  %; 

is the sorpt ion  of admixture  by unit su r face  a r e a ,  m3/sec /m2;  
is the coefficient  of diffusion between flow and wall ,  m2/sec;  

a r e  the d imens ion less  coordinates ;  
is the Reynolds number .  
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