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The resu l t s  of exper imenta l  invest igations of the equi l ibr ium composi t ion of a n i t r o g e n - h e -  
l ium mix ture  a r e  d iscussed .  

When a s s e s s i n g  the p roce s s  of purif icat ion of hel ium f rom nitrogen,  it  is essent ia l  to have avai lable  
re l iab le  data about the equi l ibr ium of the h e l i u m - n i t r o g e n  sys t em.  

In the Soviet and foreign l i t e r a tu re ,  exper imenta l  data exis t  on the equi l ibr ium of the n i t r o g e n - h e l i u m  
s y s t e m  [1-5] but the i r  use in engineer ing p rac t i ce  is made difficult by the fact  that  values of the equi l ibr ium 
p a r a m e t e r s  di f fer  s ignif icantly between themse lves .  Moreover ,  these  data involve only the region of mix -  
tu re  s ta tes  up to a t e m p e r a t u r e  of 120~ Neve r the l e s s ,  when a s se s s ing  a p roce s s  for  the separa t ion  of 
hel ium f rom a n i t r o g e n - h e l i u m  mix ture  it is n e c e s s a r y  to deal a lso  with t e m p e r a t u r e s  in excess  of 120~ 
and a wide range of change of concentra t ions .  

In connection with this we were  faced with the p rob lem of es tabl ishing exper imenta l ly  which of these 
data a r e  the mos t  re l iable  and a lso  of extending the region of t e m p e r a t u r e s  invest igated,  corresponding to 
the i r  concentra t ions .  

The exper imenta l  investigation of the p roce s s  of purif icat ion of hel ium f rom nitrogen and the equi l ib-  
r ium composi t ion of a n i t r o g e n - h e l i u m  mixture  was  ca r r i ed  out in a f ract ionat ing plant,  shown schema t i ca l -  
ly  in Fig. 1. 

The mixture  of hel ium and nitrogen of given composi t ion en te r s  the membrane  c o m p r e s s o r  MK-200 
/2 .5  f rom the gas  holder  with a capaci ty  of 5 m "3, where  it is c o m p r e s s e d  to the required  p r e s s u r e  and is 
d i rec ted  to the fract ionat ing plant. The intertube space of the fract ionat ing plant cons is t s  of two cavi t ies  
- the working cavi ty  2 and the screening  cavi ty  3. 

Liquid nitrogen IV is fed into the inter tube space of the gas i f i e r ,  used as a r e s e r v o i r ,  through the 
insulated pipeline.  I ts  level  in the cavi ty  2 is control led by a hampsomete r .  

The s t r e a m  of gaseous  nitrogen V, fo rmed  by evaporat ion in cavi ty  2, is d i rected into the t he rmos t a t  
where  it is heated to 293~ and it is d i scharged  to the a tmosphe re  through a GKF-6 type gas  me te r .  

The screening  cavi ty  ab s o rbs  heat  f rom the surrounding medium through the insulation 4 located in the 
meta l  jacket  5. The ni trogen,  having evapora ted  in the cavi ty  3, f o rms  a vapor  VI which is a lso  d i scharged  
to the a tmosphere .  

The fract ionat ing plant 1 is made of pure  copper  tubing with a d i ame te r  of 10 • 1.0 m m  and a working 
height of 100 ram. 

The s ta r t ing  mixture  of given composi t ion en te rs  e i ther  f rom below or  above the fraet ionat ing tube 1. 

The ni trogen f rom the mix ture  which is condensing on the inside sur face  accumula tes  in the conden- 
sate  co l lec tor  6, which has  a volume of 1 .5 .10 -4 m s andthe concentra ted  gaseous  hel ium is r emoved  f rom 
the fract ionat ing tube 1 f rom below or  above. The products  of separa t ion  of hel ium II and nitrogen conden- 
sa te  HI a r e  fed into a the rmos ta t .  The s t r e a m s  II and III ,  heated to a t e m p e r a t u r e  of 293~ a re  re turned 
to the gasholder  through the r o t a m e t e r  RS-3 and the GKF-6 mete r .  The total  flow of II and III f rom a s e r i e s  
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Fig. 1 Fig. 2 

Layout of fractionating plant: A1-A 5) analyzing valves; Z-1 
- Z - 4 )  shut-off valves; p-1 and p-2) thrott le valves. 

Fig. 2. Posit ion of end of thermocouple in the case of s t ra ight- through 
flow (a, b, c and d/ and counter-f low (e) of water  and air .  

of experiments  is maintained approximately constant by means of ro tamete r s  and a bypass line mounted on 
the membrane compresso r .  The p res su re  in the tube and in the intertube space is measured by sampling 
manometers .  Tempera tu res  were  measured  b y c o p p e r - c o n s t a n t a n  thermocouples ,  an R-306 potentiometer  
and an M 195/1 galvanometer .  

The thermoeouples were made f rom wire  of d iameter  0.05 ram. 

Tempera tu res  were measured  in the main body of the vapo r ' - ga s  flow at the surface of the condensate 
film facing the v a p o r - g a s  flow and at the wall; they were also measured at several  points of the chamber 
wall. The tempera ture  at the surface of the condensate film was measured  by a thermocouple "floating" 
on its surface.  The length of the free section of the thermocouple was established experimentally,  contact 
being provided by the end of the thermocouple with the surface of the draining liquid, for which a sl ide-  
wire  was s t re tched through the center  of the drainage tube and a double slightly twisted wire made f rom the 
same mater ia l  as the thermocouple was secured.  Under the elast ic force of the wire ,  the end of the the r -  
mocouple was p ressed  against  the wall of the tube when no liquid was flowing. When liquid was flowing, 
which was fed in f rom above, the wire was deflected f rom the wall. Visual observations permit ted it to be 
established that the nominal length of the free section of the wire  must  be not less  than 120-150 mm. With 
smal le r  lengths and by the action of the elast ici ty of the wire ,  the end of the thermocouple remained pressed  
against the wall of the tube even with a relat ively large flow of liquid. 

Tes ts  were  conducted on a w a t e r - a i r  sys tem with both s t ra ight- through and counter-flow of the lat ter .  
The location of the end of the wire  for  different thicknesses  of the draining film is shown in Fig. 2a, b, c 
and d. In these tes t s ,  the gas flow was from top to bottom, i .e .  d i rec t  flow with the liquid. 

In the case when the gas was moving from bottom to top, the tube s tar ted to function in the gas- l i f t  
cycle (Fig. 2e). Even in this cycle,  it can be seen c lear ly  that the end of the wire is located on the surface 
of the liquid facing the gas flow. The rat ios found in the w a t e r - a i r  sys tem between the length of the free 
section of the thermocouple wi re  and the surface of the liquid film were  l a te r  verified visually also in liquid 
nitrogen. Observations on the behavior  of the thermocouple under these conditions showed that the rat ios  
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Fig. 3. Equi l ibr ium composi t ion of N 2 - H e  mixture  (%) ve r sus  t e m p e r a -  
tu re  (~ 

Fig. 4. I s o t h e r m s  of the sy s t em v a p o r - l i q u i d  of a N 2 - H e  mix ture  (P, 
bar;  He, %): 1) data f rom [3]; 2) f rom [2]; 3) f rom [4]; 4) data f rom 
p r e s e n t  investigation.  

obtained for  liquid nitrogen a r e  just  the same  as for  the w a t e r - a i r  sys tem.  These  observa t ions  l a t e r  w e r e  
p roposed  as  the bas i s  for  measur ing  the t e m p e r a t u r e  at  the su r face  of the condensate f i lm. 

The change of t e m p e r a t u r e  ove r  the height of the appara tus  was moni tored  and was undertaken in five 
sec t ions ,  separa ted  by the s a m e  dis tance f rom one another .  

Observat ions  on the change of composi t ion of the mix ture  w e r e  effected by means  of an ITR-1  in te r -  
f e r o m e t e r  and a KhL-6 chromatograph ,  into which the mix ture  was fed f rom the appropr ia te  sect ions (ana-  
lys i s  valves  A t - A s ) .  In o r d e r  to ensure  a constant  composi t ion of the s ta r t ing  mixture  in each s e r i e s  of 
exper iments ,  a closed cycle c i rcu i t  was  used. 

When de te rmin ing  the equi l ibr ium composi t ions  of the v a p o r - g a s  phase  of  the n i t r o g e n - h e l i u m  mix-  
tu re ,  s ta t ic  and dynamic methods of investigation w e r e  used, for  which connecting p ieces  were  mounted on 
the outer  sur face  of the exper imenta l  tube, having an internal  slottin~g. The ends of the couplings were  
soldered.  The volume of the end-space  (chamber)  between the inner  sur face  of the coupling and the outer  
sur face  of the tube was  approx imate ly  1 cm ~. 

In o r d e r  that  the v a p o r - g a s  mix ture  could r each  the annular  space ,  and a lso  in o r d e r  to r e tu rn  the 
condensate fo rmed to the cavi ty  of the f ract ionat ing tube, openings were  dr i l led in it at  the level  of the lower  
end of a coupling. A cap i l l a ry  tube with an external  d i ame te r  of 0.25 m m  was  mounted nea r  the upper  end 
of the coupling p iece ,  through a dril l  hole on the opposite side (for sampling the vapor  phase  f r o m  the cham-  
ber}. 

The outside sur face  of the coupling piece  ( f rom the side of the ni t rogen boiling at  a tmospher i c  p r e s -  
sure)  was insulated by a g lass  f ibre  ma t  and sheathed with a polyethylene fi lm which was  impe rmeab le  to 
the liquid. 

The smal l  s ize of the chamber  pe rmi t t ed  s t ra t i f ica t ion of the mixture  to be avoided and by connecting 
the chambe r  with the inter tube space ,  a constant  p r e s s u r e  was  ensured  even in those cases  when sampling 
was  taking place.  

I t  was  es tabl i shed exper imenta l ly  that  the composi t ion of the samples  withdrawn remained  constant  
during prolonged opening of the analys is  va lves .  This conf i rms  that  the v a p o r - g a s  mixture  enter ing the 
chambe r  f rom the main s t r e a m  and pass ing through the annular  sl i t  with a ve ry  low flow ra te  succeeds  
in attaining a s tate  which, at  a given t e m p e r a t u r e  and p r e s s u r e ,  is the equi l ibr ium state.  Five chamber s  
we re  mounted along the height of the exper imenta l  tube, separa ted  by the s ame  distance f rom one another .  
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TABLE 1. Composi t ion of N 2 - H e  Mixture for  Static and Dynamic 
Conditions 

T, OK 

126,0 
123,0 
119,3 
109,5 
98,0 
90,0 
86,0 
79,0 
77,0 

Y, %Nm 

static I dynamic 
P ~ ioo bar 

100,0 100,0 
63,7 65,5 
44,8 46,5 
22,4 24,2 
9,96 ll,2 
5,4 5,70 
3,85 4,2 
1,94 1,98 
1,57 1,59 

T, ~ 

126,0 
123,0 
119,3 
109,4 
98,0 
90,0 
86,0 
79,0 
77,0 

Y, % N, 

static [dynamic 
p = 40 bar 

100,0 100,0 
88,1 89,2 
76,6 78,1 
47,2 49,0 
21,8 25,0 
11,69 12,89 
8,20 8,7 
3,78 4,0 
3,0 

T~ oK 

116,0 
109,5 
98,0 
90,0 
86,0 
79,0 
77,0 

Y, %N, 

static [ dynamic 
P = 20 bar 

lOO,O 
80,8 
43,57 
24, O 
17,1 
7,92 
6,27 

I00,0 
81,9 
46,67 
26,7 
20,0 
9,32 
6,60 

Samples  were  taken f rom the core  of the s t r e a m  through cap i l l a ry  tubes with a d i ame te r  of 0.25 mm 
f r o m  the five corresponding sect ions .  

The equi l ibr ium data,  obtained by withdrawing samples  f rom the core  of the s t r e a m  and f rom the 
c h a m b e r  at  the appropr i a t e  P and T va lves ,  have t r iv ia l  d i sc repanc ies  (Table 1) which at e levated and high 
t e m p e r a t u r e s  become  even l e s s .  This is explained by the fact  that  with constant  feed the flow ra te  d e c r e a s e s  
with inc rease  of p r e s s u r e  of the mix ture ,  i . e .  the conditions in the core  of the s t r e a m  become c lose r  to 
s ta t ic .  

The nature  of the change of equi l ibr ium composi t ion of a n i t r o g e n - h e l i u m  m i x t u r e ,  according to the 
data f rom the p resen t  invest igat ion,  is shown in Fig. 3, as a function of t e m p e r a t u r e  at var ious  p r e s s u r e s ,  
where  the equi l ibr ium composi t ion of the vapor  (%) is plotted along the ver t i ca l  axis and the t e m p e r a t u r e  
(~ is plotted along the hor izontal  axis .  Values of the equi l ibr ium concentrat ion obtained for  s tat ic  condi-  
t ions (in the chambers )  a r e  used here .  

Compar i son  of our  exper imenta l  data with the r e su l t s  of [2-4] is shown in Fig. 4. Here ,  the p r e s s u r e  
of the mix ture  and the equi l ibr ium composi t ion of the vapor  a r e  plotted along the ver t i ca l  and horizontal  
axes  respec t ive ly .  I t  can be seen f rom the figure that  the values  of the equi l ibr ium p a r a m e t e r s  differ  con-  
s ide rab ly  between t h e m s e l v e s  at  t e m p e r a t u r e s  above 90~ Good a g r e e m e n t  of the resu l t s  is observed  at  
all  t e m p e r a t u r e s  for  the exper imenta l  points of this p r e sen t  invest igat ion,  with the data f rom [4]. 

The max imum  e r r o r  occur r ing  in our  exper iments ,  taking into account  e r r o r s  of the m e a s u r e m e n t s  
of t e m p e r a t u r e s ,  concentra t ions  and p r e s s u r e s ,  does not exceed 1%. 
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