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Results are shown of a theoretical and experimental study concerning the convective-diffu- 
sive transport of a sorbed admixture in a channel where the s~eand velocity varies with time 
and where a transient transfer of gas to the wall occurs. 

E a r l i e r  in [1] the authors  have  analyzed the t r a n s p o r t  of a sorbed  admix ture  inside a cyl inder  a t  a 
constant  s t r e a m  ve loc i ty  and dur ing a f r ee  t r a n s f e r  of gas to the wall .  This  condition p reva i l s  in p r a c t i c e  
dur ing a s h o r t - t i m e  (2-5 h) exhaust  of admix tu re .  

During the extinguishing of underground f i res  by the isolat ion method,  so rbed  admix tu res  a r e  fed to 
app rop r i a t e  a r e a s  often for 10-20 h or  even longer  per iods .  In this case  the s t r e a m  veloci ty  in the b o r e -  
hole (channel) and the r a t e  of admix tu re  absorp t ion  usual ly  d e c r e a s e  while the concentra t ion of admix ture  
in the s t r e a m  i n c r e a s e s .  Evident ly,  exhaust  gas begins to sa tu ra t e  the borehole  walls  which confine the 
s t r e a m .  The p ro b l em  can be formula ted  as  follows [2]: 
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Function F(x, t) d e s c r i b e s  the kinet ics  of so rbed  gas accumula t ion  in the borehole  wal ls .  
to exper imenta l  evidence,  for  p rac t i ca l  pu rposes  

F (x, t) = g (t) e -v* 
within suff ic ient  a ccu racy .  

Accord ing  

(3)  

Function g(t) describes the time rate of admixture diffusion or filtration as well as the sorption rate. 
Functions f(t) and g(t) are both bounded. 

We will assume that, according to [3], the coefficient of turbulent mixing is a function of the stream 

velocity and that, for simplicity, it is a linear function 
---- ~u (t). (4) 

Such an a s sumpt ion  is en t i re ly  accep tab le  for engineer ing pu rposes .  
t 

in (1) and (2) x = a~ , r = ap ,  r = ( f i /a2) t 'u ( t )d t  = z(t), t = z - i ( r ) ,  then let t ing Then, after substituting 
~3 
0 

c*(x, r, t) = c(x, r, t) -c i and performing a Laplace transformation with respect to variable r, we finally have 
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Fig.  1. Theore t ica l  cu rves  and tes t  
values of gaseous carbon dioxide con-  
centra t ion (%) as  a function of t ime 
(sec),  at  the ent rance  (1) and at  350 m 
f rom the entrance (2). 

where  A = a a  and G, @(p), R(p) a r e  the t r ans fo rms  of functions c,  fit), R(~') respect ive ly ,  with R(v) 
= R[z(t)] = a~g(t). 

Applying to 

yields 

whose solution is 

1 

Eq. (5) the Hankel integral  t ransformat ion  ~GPJ0(Ap)d p = q and l e t t i n g -  AJ~(A)/J0(A) = A 

d*q ()~* + p)q--o dq _ ~(p)e_Va~ jo(L) ' (7) 
d[ 2 d~ 

q = ~ exp [ ( 2 _  V._~_ § ~2 + ; ) [  ] R(p)Jo(k)e-"a~ 
, ,~a~ ~ T p-ST ~a~ 

(s) 

On the basis of the Hankel t ransformat ion ,  function G can be represen ted  in t e r m s  of a s e r i e s  

(9) 

where An a r e  the posi t ive roots  of the equation AJI(2)-AJ0(A) = 0. 

Having de termined  coefficients  c n and inverse  t ransforming to the original  function, we obtain 

2F (3) .t" 0J0 (~P) dp $ 

o + Jo (~'~)j' R (3 --  O) exp [-- (L1-k v~a~-Svav) O]dO (10) 
c~ = j~ (~,~) + Jg (~) 0 

Applying once m o r e  the convolution pr inciple  and changing to the original  va r iab les ,  we have 
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0 

where  
t 

0 

Series (11) is a fast converging one. The first five terms were sufficient in our calculations, inas- 
much as  an accuracy  adequate for  engineering purposes  (a < 1%) was thus achieved. The integrals  we re  
evaluated by the Gauss method; the maximum number of nodes was 40. The original  function fit) was con-  
s t ruc ted  f rom tes t  points by l inear  interpolation.  

The results of theoretical calculations performed according to formula (ii) on a "URAL-4" computer 

were checked against special measurements under field conditions. 

During the exper iment ,  gaseous carbon dioxide was exhausted at a 0.2 m 3 / sec  ra te  through the en-  
t rance  (x = 0) into the venti lat ing duct along the borehole .  At various dis tances f rom the ent rance ,  a i r  
was sampled at  severa l  points and then analyzed in the l abora to ry .  
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The carbon dioxide concentrat ion at  the entrance var ied  along curve  1 in Fig. 1. The m e a n - o v e r - t h e -  
sect ion s t r e a m veloci ty  var ied  according to the re la t ion 

u = 0.03 + 0.06e -~176176 (12) 

The theoret ica l  curve  2 of carbon dioxide concentra t ion at  350 m from the exhaust point, calculated 
accord ing  to formula (11), is shown in Fig. 1 along with the tes t  values.  The maximum dif ference between 
both is 10% - en t i re ly  acceptable  for  p rac t ica l  purposes .  
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NOTATION 

is the admixture  concentrat ion,  %; 
a re  the space coordinates ,  m; 
is the t ime ,  sec ;  
is the radius  of cyl inder ,  m;  
is the coeff icient  of turbulent  mixing, m 2 / s e c ;  
is the s t r e am veloci ty ,  m / s e c ;  
is the function of concentra t ion at  the entrance (x = 0), %; 

is the admixture  sorpt ion per  unit sur face  a r ea ,  m 3 / s e c  -m-2; 
is the diffusivity f rom s t r eam to wall,  m 2 / s e c .  
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