
S E Q U E N T I A L  V E N T I L A T I O N  OF A S E R I E S  O F  
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M O M E N T A R I L Y  E X U D I N G  F R O M  T H E  

P O C K E T  E N D S  
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A one-dimensional  problem is formulated concerning turbulent diffusion during a momen-  
tary exudation of admixture f rom the pocket ends of n sequentially ventilated chambers .  An 
express ion is obtained for the admixture concentrat ion at the exit f rom the n- th  chamber .  
The resul ts  are compared with experimental  data. 

The analyzed ventilation sys tem is shown in Fig. 1. 

Explosion ocuurs simultaneously in the stopes of n chambers .  If the boundary of the zone where the 
explosion products are spat tered coincides with the end of an air  duct f r o m  a fan, then the distr ibution of 
admixture concentration in that plane is descr ibed by the relation in [1, 3]: 

sion: 

C/Co~ = exp (--  R;t ). (1) 

In the remaining space of a chamber  the concentrat ion is descr ibed by the equation of turbulent diffu- 

Oc 
+ div (v~) = DAc. (2) 
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Fig. 1~ Schematic d iagram of a sequential ventilation of a ser ies  
of chambers  when an admixture is momentar i ly  exuding f rom the 
pocket ends. 
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T o w a r d  each  following c h a m b e r  (except  to the 
f i r s t  one) is moving an a l r eady  pa r t i a l l y  con tamina ted  
je t  with an admix tu re  concen t r a t i on  

Cn __ gn -1  (6~ - -  gn--1) gn'~C~--~ - + + 

. . .  -F (Go - -  g . - ~ )  " "  (6o - -  g~) g ~ q  i3) 

The  p r o b l e m  of de t e rmin ing  the r e l a t i v e  admix-  
tu re  concen t r a t i on  at the exi t  f r o m  the n - th  c h a m b e r  at 
any instant  of t ime is in the one -d imens iona l  case  

_ _  Oc 02c 
Oc 4 - v - - = D - - ,  (4) 
Ot Ox Ox 2 

Oc 
Vx ~=L n = o, c (o, t) = L~ (0, c (x, o) = o. (5) 

Funct ion fn(t) is [3]: 

[~ (t) =- [ f R ' ~ c ' ~ e x p ( U ~ t ) d t + l x ] e x p ( R ' t ) .  (6) 

The  value  of # is found f r o m  the condi t ion  fn(0) = Con. 

In d imens ion l e s s  fo rm,  with the subs t i tu t ion  

u(x ,  x) = c (x, ~) exp (P,C~ .-- 2P,~x) (7) 

our  p r o b l e m  r educes  to the p r o b l e m  of hea t  conduct ion  
with the combined  boundary  condi t ions  

Ou t c)2u p,~ = 1 

O'r 4P~ Ox ~ ' ~ p%' (8) 

Ou 2 P , y  
0--2+ = 0 ,  

I x = l  

u(O, ~)=c(O, "Oexp(P~T) =r,~(~)exp(P,(r), (9) 

u (x, 0) = 0. 

With the subs t i tu t ion  w(x, ~-) = u(x, 7 ) - j - j t x ,  
whe re  j = fn(~-) and Jl = - 2 p n / ( 1  + 2Pn)fn('r), we have 

_ _  2P~x  

d'r 4P~ cgx ~ dT . 1 + 2P~]  
(lO) 

Ow , I 
T 2 P ~  - 0, 

Ox x= 

~(0,  ~ ) = o ,  

\ 
(11) 

The problem was solved by the method of separat- 
ing the v a r i a b l e s  [2] and in the or ig ina l  no ta t ion  at x 
= 1 (at the exit  f r o m  the n- th  chamber )  the so lu t ion  is 

oc 

+2P .  Z [ f ( ) ~ N ) e •  4 p .  ] 
N ~ I  

X exp ( 4P~ ] dT 

-ff aN exp /--\ 4P~;~N'r lit ] sin V-~}  exp (2P,~). (12) 

The  e igenva lues  a re  found f r o m  the condi t ion  ,/-X N 

-- - ~fXN / 2P n. 
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The obtained solution was checked on a hydraulic model consisting of three sequential ly venti lated 
chambers  [4]. Dimensional simili tude was established on the basis of the Schmidt number.  

Calculations pe r fo rmed  for  the model have shown that the s e r i e s  in express ion  (12) is a fast  converg-  
ing one and the e r r o r  of cutting it off is insignificant (less than 10%). 

Allowing for such an e r r o r ,  one can obtain an express ion  for calculating the admixture concentrat ion 
at the exit f rom the f i rs t ,  the second, and the third c h a m b e r -  all venti lated in sequence: 

cl ('0 = exp (2P1 - -  RI"~) , (13) 
1 + 2P 1 

c,(x) : exp (2P~-- R ~ ' ~ ) I  + 2P, {Go 'g~ " (1 -}- 2P1)exp 2Pl(l -----~-R~) [exp (R~--R~)"~-- 1]+1/~ , (14) 

exp 2P 3 [ A [exp (-- RI"~) ~ exp (-- R,"c)] 
ca('~) ~ 1-~2P~3~ 1 R1 

t R3 
__ B [exp (-- R~x) --  exp (--Rs~)] A [exp (-- R~) - -  exp (-- R3~)] -k 

where 

R3 R3 

+ c [exp (-- RI"~) .Rlexp (--  Rs'~)] + exp (-- Ra'C)/ ' (15) 

1 R3 J 

A = g__r exp 2P~ . i lL .  exp 2P1 

G o l + 2 P ~  G O (1+2Pl){1 R_~_I ' 

B = g_._3_~, exp 2P 2 
G o 1 + 2P 2 

(60 --g2) gl exp 2P 1 
6 =  

60 (i -k 2P0 

The resul ts  of this simulation, recalculated for  a natural  system, and a compar i son  with calculated 
data are  given in Table 1. 

The compar ison shows that the proposed method of calculation yields sa t i s fac tory  resu l t s  in most  
cases  and that, moreover ,  the accuracy  of calculations inc reases  as the chambers  become longer.  

C 

Con 

N O T A T I O N  

is the gas concentration, %; 
is the initial concentrat ion of the gas produced as a resul t  of an explosion in the blasting zone of the 
n- th  chamber,  %; 
is the air  veloci ty in the n-th chamber,  m / s e c t  V n 

D is the turbulent diffusivity, m2 / sec ;  
c' is the gas concentrat ion at the entrance to the n- th  chamber ,  %; n 
c n i s  the gas concentrat ion at the exit f rom the n-th chamber ;  %; 
gn is the fan capacity, established in the n-th chamber ,  m 3 / sec ;  
L n is the distance f rom the outlet of the air  duct to the outlet of the n-th chamber ,  m; 
V n is the volume of the spat ter  zone in the n-th chamber,  m3; 
k is the f r e e - j e t  efficiency; 
Pe n is the Pecle t  number for  n-th chamber .  
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