
A M E T H O D  OF O B T A I N I N G  S T E A D Y  S T A T E  F L O W S  OF 

G A S E O U S  M I X T U R E S  W I T H  A G I V E N  C O N C E N T R A T I O N  

A.  A.  B o c h k a r e v  and  A. K. R e b r o v  UDC 532.529:533-27 

A method of obtaining a flow of a gaseous mixture with a given concentration through a super-  
sonic nozzle is examined within the f ramework of nonviscous equilibrium flow; this method 
is based on measurements  of p r e s su re s  in a mixing chamber  with separate outflow of the com-  
ponents. 

In experiments with gases  it is often necessa ry  t o c r e a t e a  flow of a gaseous mixture with a given con- 
centration. If the discharges  of gas are  small or  if their  p r e s su re  is low, then the use of a previously p r e -  
pared mixture does not eliminate the possible e r r o r s  in the concentration. On sections of main gas pipe- 
lines, for which the Knudsen number Kn = l /L  has a magnitude of the o rder  of 0.01 and more,  it is possible 
for the separation of the components to be of such a nature that the mixture flows further,  depleted of the 
heavy component, and the concentration of the original mixture var ies  with the passage of time. 

The use of separate  feed of the components to the mixing chamber  required accurate  measurements  
of the d ischarges  of the individual gases.  

For  a case of outflow of gases f rom a certain mixing chamber  through a Lava[ nozzle or  a sonic noz-  
zle in the case of supercr i t tca l  p r e s s u r e  drops,  the concentration of the gases can be accura te ly  determined 
according to the magnitude of the p ressu re  in the mixing chamber  in the case of separate  and combined flow 
of the gases,  without having recourse  to measurement  of the discharge.  

Since the analysis of this p rog ram is not known to us in the l i terature,  a simple examination of it is 
given below with the following assumptions:  a) the expansion of the gas is thermodynamical ly  in equilibrium; 
b) the flow in the subcri t ical  par t  of the nozzle is continuous; c) the influence of the viscosi ty  can be ne- 
glected; d) the separation of the components in the nozzle before the cr i t ical  c ross  section can also be ne- 

glected. 

The mass  discharge of any component in the case of its separate  outflow 

6~ = A.Pio ?vn~ 2 vi - l  (1) 
RTo 

Here A.  is the a rea  of the cr i t ica l  c ro s s  section of the nozzle; P0 is the stagnation pressure ;  T o is the 
stagnation temperature .  

The flow of the par t ic les  of the i-th component 

NA P~o 2 v~-t N i=A, := -  - -  7i (2) 
V mi V RTo 

Subsequently the pa rame te r s  of the f i rs t  and second components will be marked by the indices 1 and 2. The 
subscript  c designates the pa rame te r  for the flow of the components in the mixture.  

In the case of combined outflow of the gaseous mixture without separation, that is, with equality of 
the mean mass  veloci t ies  of the component, 

Nio = n~ucA. (3) 
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h e r e  n is  the d e n s i t y  of the p a r t i c l e s ;  u c is  the  mean  m a s s  v e l o c i t y  of the m i x t u r e ;  A is the a r e a  of the 
f low c r o s s  s ec t i on .  

tf the d i s c h a r g e  of the c o m p o n e n t s  in the  c a s e  of s e p a r a t e  outf low is equal  to the d i s c h a r g e  in the 
c a s e  of c o m b i n e d  outf low, then fo r  a t w o - c o m p o n e n t  m i x t u r e ,  s i n c e  NI /N  2 = Nfc/N2e,  it  fo l lows  f r o m  (2) 

/ ?~+i 

r 71 
r/lc = Plo ] /  m.2 

tz~ e / -  v,+~ Peo nh 

,I 7~. 

and (3) that  

(4) 

Since the m o l a r  c o n c e n t r a t i o n  of the f i r s t  c o m p o n e n t  f = (nlc/h2c)/(1 + nlc/n2c),  then it is p o s s i b l e  to w r i t e  

[ (  [c )"-/ c 1 ] 71 2 v,-1 2 v,-i 

P2o ~ n q , l  k ~7~+I / J -- 

The  d e r i v e d  m o l e c u l a r  m a s s  of the  gas  m i x t u r e  

m e = m f f  -J- nz2 (1 - -  f). 

(5) 

(6) 

F o r  the  c a s e  ~'l = "/2 = "Yc 

%(.. = P l o  / m,, , 
n,zc P2o 1 "  m1 (7) 

PlO ] / /  l~t2 
[ =  P~o V m,~ (8) 

1 + P~___A_o tn~ 
P2o [//" 171j 

By us ing  the r e l a t i o n s h i p s  (4), (5) o r ,  f o r  g a s e s  of the s a m e  v a l e n c y ,  (7) and (8), it  is p o s s i b I e  to 
s e l e c t  Pl0 and P20 which  a r e  n e c e s s a r y  to ob ta in  the d e s i r e d  c o n c e n t r a t i o n  (for such a s y s t e m  of d e l i v e r y  of 
g a s e s ,  tn which  the p r e s s u r e  in the m i x i n g  c h a m b e r  w i l l  not  in f luence  the  d i s c h a r g e  of the c o m p o n e n t s ) .  

The magn i tude  of the p r e s s u r e  in the m i x i n g  c h a m b e r  is  of i n t e r e s t  in the c a s e  of c o m b i n e d  outf low 
of a b i n a r y  m i x t u r e  of g a s e s  f r o m  the nozz le ;  in s e p a r a t e  outf low th is  has  a p r e s s u r e  of Pi0 and P20 r e -  
s p e c t i v e l y  in the m i x i n g  c h a m b e r .  

By us ing  the r e l a t i o n s h i p  (1) and expand ing  i t  to a m i x t u r e  of g a s e s  f r o m  the  cond i t ion  G 1 + G 2 = Ge, 
we can w r i t e  

V ~ T ~  ~ 71 + ~/ R T  ~ % 

Hence ,  d e s i g n a t i n g  

V'RT-o ! '  Vr (9) 

r- / ?i -hI 

1/ "~'~ " == Ki, ( 1 0 )  

we ob ta in  

Pzo V ml K1 -[- P~0 1/" mo K2 (11) 
Pc0 = 1 / m  c Ko 
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From (5) and (6) it follows that 

P~oK~ ~ - ~  ~- P~oK~ V- m~ (12) 
mc = K 1 K 1 

Subs t i tu t ing  th i s  e x p r e s s i o n  into (11), we obta in  a f t e r  s i m p l i f i c a t i o n  

Pco = _Pi~ ~ r  @ P2o Kc / ,,r V mlm2 ; (13) 

the va lue  K i depends  only s l i g h t l y  on the v a r i a t i o n  of the ad i aba t i c  index 7. In the e a s e  of v a r i a t i o n  of y 
f r o m  1.1 to 1.5, K i n c r e a s e s  b y  1.115 t i m e s .  Consequen t ly ,  the v a l u e  Pc0 i s  d e t e r m i n e d  in a d e c i s i v e  m a n -  
n e r  by  the v a l u e s  Pl0 and P20 and b y  the r a t i o  of the m o l e c u l a r  m a s s e s .  

W h e r e  Y1 = 3/2 --- Yc 

(14) V '  
~j 1771.r/72 

It is  ev iden t  that  a lways  in the c a s e  of m 1 ;~ m 2 Pc0 > Plo + P20- Hence  th i s  d i f f e r e n c e  can  be s ign i f i can t .  
F o r  e x a m p l e ,  fo r  a m i x t u r e  of a rgon  with  h e l i u m  in the c a s e  of PIo = P20 Pc0 = 1.17 (Pl0 + P20). 

The  method  of a d j u s t i n g  the d i s c h a r g e  of g a s e s  th rough  the n o z z l e  is  r e d u c e d  to the fo l lowing .  If the 
d i s c h a r g e s  of g a s e s  a r e  a s s i g n e d  a c c o r d i n g  to the p r e s s u r e s  P01 and P02 fo r  s e p a r a t e  outf low, i t  {s p o s s i b l e  
to d e t e r m i n e  f a c c o r d i n g  to f o r m u l a  (5) and then the v a l u e  Pco a c c o r d i n g  to f o r m u l a  (13); th i s  va lue  m u s t  
be  ob ta ined  in the c a s e  of c o m b i n e d  feed.  N o n a g r e e m e n t  of the c a l c u l a t e d  v a l u e s  Pc0 with  the m e a s u r e d  
va lue  wi l l  i nd i ca t e  the  i n f r i n g e m e n t  of one of the a s s u m p t i o n s  adop ted  a t  the beg inn ing  of the e x a m i n a t i o n .  

We wi l l  no te  y e t  a n o t h e r  s p e c i a l  f e a t u r e  of a f low of a gas  m i x t u r e ,  wh ich  i s  i m p o r t a n t  f o r  c e r t a i n  
c a l i b r a t i o n  work .  We wi l l  c o m p a r e  the c o n c e n t r a t i o n s  of the c o m p o n e n t s  in the  c a s e  of s e p a r a t e  and c o m -  
b ined  f low in a channe l  when the d i s c h a r g e s  of the s e p a r a t e  c o m p o n e n t s  a r e  m a i n t a i n e d .  A s i m p l e  a n a l y s i s  
shows  that  fo r  any c r o s s  s e c t i o n  the r e l a t i o n s h i p  of the c o n c e n t r a t i o n  of g a s e s  in the c a s e  of s e p a r a t e  ou t -  
flow and in the m i x t u r e  is  connec t ed  by  the  r a t i o  

nl = n~__~ l / m l  (15) 
n 2 ng c I /  fits 

F o r  g a s e s  of the  s a m e  v a l e n c y  

-- V ;  + rn~ (l--f)  nlc  (16) 

and 

,,--~- = ~ f + 0 - h .  (17) 

The results of the above analysis can be used for calculating the parameters of a gas in the case of 
preparation of a mixture with a given concentration which flows through a supersonic nozzle. 

NOTATION 

G is  the m a s s  d i s c h a r g e ;  
A is  the a r e a  of the c r o s s  s ec t i on  of the nozz le ;  
p i s  the  p r e s s u r e ;  
T i s  the  t e m p e r a t u r e ;  
m is  the m o l e c u l a r  m a s s ;  
7 is  the r a t i o  of s p e c i f i c  hea ts ;  
R is the universal gas constant; 
N A is  the A v o g a d r o  number ;  
N is the d i s c h a r g e  of p a r t i c l e s ;  
n is  the d e n s i t y  of p a r t i c l e s ;  
u is  the m e a n - m a s s  ve loc i t y ;  
f is  the m o l a r  c o n c e n t r a t i o n ;  

396 



Kn is the Knudsen number; 
is the length of the free path; 

L is the charac te r i s t i c  dimension. 

Subscripts 

i is the a rb i t r a ry  component; 
* is the cr i t ica l  section; 
0 is the stagnation parameter ;  
e is the mixture parameter ;  
1 and 2 are the f i rs t  and second components.  
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