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Tes t  data a re  p re sen ted  per ta in ing  to the t he rma l  conductivity of the h y d r o g e n - h e l i u m  mix-  
tu re  ove r  the 0-150~ t e m p e r a t u r e  range.  Discussed  is a l so  the exis tence  of a min imum in 
the composi t ion c h a r a c t e r i s t i c  of t he r ma l  conductivity within a wide t e m p e r a t u r e  range .  

A study of the t he rma l  conductivity of the h y d r o g e n - h e l i u m  mix ture  is v e r y  worthwhile f rom the 
standpoint  of revea l ing  why the t he rma l  conductivi ty becomes  min imum at  a cer ta in  ra t io  of po lya tomic  
and monoatomic  gas in the mix ture .  

The exis tence  of a min imum in the composi t ion c h a r a c t e r i s t i c  of t he rma l  conductivity,  at  a cer ta in  
hydrogen concentra t ion in the h y d r o g e n - h e l i u m  mixture ,  was noted by Madison [1] as well as by Schmauch 
and Diners te in  [2]. They have found that the t h e r m a l  conductivity is min imum at  an ~8% hydrogen content.  
Hansen,  F r o s t ,  and Murphy [3] measu red  the t h e r m a l  conductivity of this mix ture  by means  of a c h r o m a t o -  
graphic  heat-conduct ion cell  and detected a minimum at  an ~13% hydrogen content.  

At this  hydrogen content the t h e r m a l  conductivity of the mixture  was 0.5% lower  than that  of pure  
hel ium.  Van Ee [4] noted a s i m i l a r  t rend in his expe r imen t  with t h e r m a l  diffusion. Neal ,  Greenway,  and 
Courts [5] have conf i rmed the exis tence  of such a minimum at a 17% hydrogen content when the t e m p e r a -  
tu re  is 312~ the t h e r m a l  conductivi ty being then 5 :L 2% lower  than that  of pure  hel ium. Ba rua  alone [6] 
and with Mukhopadhyay [7] a l so  measu red  the t he rma l  conductivity of the h y d r o g e n - h e l i u m  mixture .  In 
[6] a r e  given data obtained at  303 and 318~ in [7] a r e  given data cover ing  the 90-473~ t e m p e r a t u r e  
range .  Mukhopadhyay and Barua  obtained data indicating a minimum t h e r m a l  conductivi ty a t  a 14.5% hy-  
drogen content,  with the t h e r m a l  conductivi ty of the mixture  being 8% lower  than that of pure  hel ium.  The 
data obtained by Tondon, Gandhi, and Saxena [8] indicate that  the t h e r m a l  conductivi ty of the mix ture  with 
a hydrogen content f rom 0 to 25% is 1% lower  than that of pure  hel ium.  

The exis tence  of a min imum in the composi t ion c h a r a c t e r i s t i c  of t he rma l  conductivity at  T = 273~ 
has  been conf i rmed exper imen ta l ly  by Minter  [9], at an 8% hydrogen content. Biolsi  and Mason [10] have 
shown that ,  as  the t e m p e r a t u r e  r i s e s ,  the min imum the rma l  conductivity shif ts  toward  pure  hel ium.  
Cauwenbergh and Van Dael [11] m eas u red  the t he rma l  conductivity of this mixture  at 296.8~ The i r  m e a -  
s u r e m e n t s  have revea led  the exis tence  of a smooth  min imum within the 8-14% range  of hydrogen content,  
with k m i x / ~ H e  = 0.995. 

Golubev [12] m e a s u r e d  the t h e r m a l  conductivi ty of the h y d r o g e n - h e l i u m  mix ture  under var ious  
p r e s s u r e s ,  beginning at  a t e m p e r a t u r e  of  77.96~ Under a p r e s s u r e  p = 1 M N / m  2 the composi t ion  c h a r -  
a c t e r i s t i c  of the t he rm a l  conductivity has a soft  min imum at an ~60% hydrogen content,  i .e . ,  the min imum 
of this c h a r a c t e r i s t i c  has shifted toward pure  hydrogen.  

We will not d i scuss  he re  the a c c u r a c y  of the t e s t  data obtained by the var ious  au thor s ;  this could be 
a subjec t  for  another  s e p a r a t e  study. We will only note that the t e s t  data of all  authors  indicate the e x i s -  
tence of a min imum in the t he rm a l  conductivity as a function of the hydrogen content,  although Barua , s  
data  in [7] a r e  not  cons idered accura t e  enough at low hydrogen contents .  

The t e s t  data of the var ious  authors  plot ted in Fig. 1 per ta in  to the t he rma l  conductivi ty of this mix-  
tu re  as a funct ionof  the concentra t ion of the l igh te r  component  and, accord ing  to the graph ,  the re  is a 
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Fig.  1. Tes t  data  per ta in ing  to the t h e r m a l  conduc- 
t iv i ty  of the h y d r o g e n - h e l i u m  mixture:  1) data in [11] 
a t  23.8~ 2) data  in [5] at 39~ 3) data in [6] at  30~ 
4) data  in [8] at 50~ 5) data  in [7] at  20.1~ 6) our 
data at  23.8~ 

Fig. 2. T h e r m a l  conductivi ty k ( W / m . d e g )  of the 
h y d r o g e n - h e l i u m  mix ture ,  as a function of the hy -  
drogen concentra t ion,  based  on tes t s :  1) T --- 150~ 
2) 140; 3) 130; 4) 120; 5) 110; 6) 100; 7) 90; 8) 80; 9) 
70; 10) 60; 11) 50; 12) 40; 13) 30; 14) 20; 15) 10; 16) 
0. 

cer ta in  d i s c r e p a n c y  between the concentra t ion at which the t h e r m a l  conductivity of  the mixture  is minimum 
and the concentra t ion a t  which it b ecom es  equal to that  of pure  hel ium.  

This  d i s c repancy  ca l l s  for  a carefu l  s tudy of the t he rma l  conductivity of the h y d r o g e n - h e l i u m  mix -  
tu re ,  e spec ia l ly  s ince the sha rp  m i n i m um  noted in [5] is a t t r ibutable  to the fa i lure  the re  to consider  con-  
vec t ive  hea t  l o s s e s  (as sugges ted  in [8]) and s ince the r e su l t s  Ln [7] can be explained on the bas i s  of m e a -  
s u r e m e n t  e r r o r s  (as sugges ted  in [10]). 

The t e s t  data  in [11] obtained by  the r e l a t ive  method with ve ry  sens i t ive  measur ing  devices  ( t he rmi -  
s to r s )  a r e ,  in our  opinion, the mos t  re l i ab le  ones.  The i r  a ccu racy ,  which has been checked agains t  a l -  
r e a d y  well-known values  for  pure  g a s e s ,  l i e s  within ~1% [13]. 

We m e a s u r e d  the t h e r m a l  conductivity of the h y d r o g e n - h e l i u m  mix ture  by  the absolute  method with 
a hot f i lament ,  which had been desc r ibed  e a r l i e r  in [14] together  with its sources  of e r r o r .  The t e m p e r a -  
tu re  c h a r a c t e r i s t i c s  of t he rma l  conductivity a t  concentra t ions  x t = 0.0, 0.05, 0.10, 0.15, 0.20, 0.25, 0.50, 
and 1.00 were  found l i nea r  over  the 0-150~ range.  I t  was poss ib le ,  t he re fo re ,  to r e p r e s e n t  them in the 
f o r m  of equations der ived  by the method of l e a s t  squa re s  and then used for obtaining the composi t ion c h a r -  
ac terLst ics  of t he r m a l  conductivi ty at any t e m p e r a t u r e  within the t e s t  range.  In Fig. 1 a r e  a lso  shown our 
t e s t  data  obtained by  this method at  23.8~ and suff icient ly close to the data in [8-11], our  values deviat ing 
not  more  than by 1.3%. 

The composi t ion c h a r a c t e r i s t i c s  of t he r ma l  conductivity in Fig. 2 were obtained by the said method 
over  the 0-150~C t e m p e r a t u r e  range .  Within this range  the curves  have a minimum at  13% hydrogen con-  
tent  in the mix ture ,  while at a 26% hydrogen content the t h e r m a l  conductivity of the mix tu re  becomes  equal 
to that  of  pure  he l ium and then inc reases  monotonical ly  with a st i l l  higher hydrogen (l ighter  component  of 
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TABLE 1. Coeff ic ients  A12 and A2t for De te rmin ing  the 
T h e r m a l  Conduct ivi ty  of the H y d r o g e n -  Helium Mixture  

[15] 

T, ~K 

90,2 
258,3 
273,3 
293,3 
303,2 
303,3 
318,2 

1,361 
1,217 
I~214 
1,195 
1,127 
1,196 
1,146 

0,8566 
1,010 
1,030 
1,006 
0,980 
1,049 
1,000 

328,2 
353,4 
378,3 
393,3 
298,2 
474,3 

1,178 
1,183 
1,166 
1,296 
1,192 
1,238 

1,034 
1,047 
1,030 
1,108 
1,056 
1,053 

TABLE 2. T e m p e r a t u r e  C h a r a c t e r i s t i c  of the kH2/kHe 

Hydrogen and Hel ium T h e r m a l  Conduct ivi ty  Rat io  

T. OK )~Hj:~He T. o K ~'H2/~He T, :K ~'HJ~He T, :'K ~'HJ~'He 

50 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 

0,5 
0,8418 
0,8891 
O, 9306 
0,9725 
0,9988 
l, 0209 
1,0453 
1,0688 
1,0831 
1,0971 
1,1122 
1.1261 

200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 

1,1391 
1,1417 
1,1452 
1,1575 
1,1692 
1,1716 
1,1739 
1,1761 
1,t862 
1,2027 
1,2119 
1,2143 
1,2166 

330 
340 
350 
400 
450 
500 
550 
600 
650 
700 
750 
800 
850 

,2250 
,2270 
,2289 
,2283 
,2289 
,2202 
,2128 
,2200 
,2235 
,2302 
,2371 
,2434 
,2461 

900 
950 

1000 
1100 
1200 
1300 
100 
1500 
1600 
1700 
1800 
1900 
2000 

1,2485 
1,2573 
1,2656 
1,2876 
1,3037 
1,3209 
1,3407 
1,3674 
1,3884 
1,4187 
1,4475 
1,4858 
1,5164 

the mixture)  content .  The r e l a t i ve  magnitude of this  minimum ( k m i x - k H e ) / k H e  d e c r e a s e s  f rom 1.8 to 
1.15% with r i s i ng  t e m p e r a t u r e ,  although the abso lu te  d i f fe rence  k m i x - k H e  r e m a i n s  constant  and a p p r o x i -  
m a t e l y  equal to 2.35 �9 10 -3 W / m  �9 deg at  a l l  t e m p e r a t u r e s .  

The ex i s tence  of a min imum the rma l  conduct ivi ty  of the h y d r o g e n - h e l i u m  mix ture  can be explained 
in two ways [15]: 

1. F r o m  the point  of view that one kind of molecules  r e s i s t s  the t r a n s p o r t  of heat  by another  kind 
of molecu les .  Indeed,  the coeff ic ients  A12 and A21 in the  V a s i l ' e v a  fo rmula  for  the t h e r m a l  con-  
duc t iv i ty  of a mixture  each c h a r a c t e r i z e s  such a r e s i s t a n c e  and the i r  p roduc t  is A12A21 > i for  
the h y d r o g e n - h e l i u m  mix ture  (Table  1). Accord ing  to this  tab le ,  hydrogen molecules  r e s i s t  the 
t r a n s p o r t  of hea t  by h e a v i e r  hel ium molecu les  more  than he l ium molecules  r e s i s t  the t r a n s p o r t  
of heat  by l i gh t e r  hydrogen molecu le s .  

2. Inasmuch as hydrogen molecules  a r e  d ia tomic ,  it  becomes  n e c e s s a r y  to cons ide r  a l so  the i r  
angular  deg ree s  of f r eedom with r e s p e c t  to the t r a n s p o r t  of heat  in the gas  mix ture .  The m e c h -  
an i sm by which the angu la r  d e g r e e s  of f r eedom a r e  exci ted  depends on the f requency  of i n t e r -  
mo lecu l a r  co l l i s ions  and on the r e l a t i ve  ve loc i ty  of col l id ing molecu les .  In a mixture  of l ight  and 
heavy molecu les  (the l a t t e r  having a lower  veloci ty)  angular  d e g r e e s  of f r eedom a r e  exci ted  with 
g r e a t e r  di f f icul ty .  

Since mos t  of the hea t  in the mix ture  is t r a n s p o r t e d  by hydrogen molecu le s ,  hence the t h e r m a l  con-  
duc t iv i ty  of the  mix tu re  wil l  d e c r e a s e  most  when the hydrogen concent ra t ion  is low. This  s t a t emen t  appl ies  
to the t e m p e r a t u r e  range  where  quantum effects  a r e  negl ig ib le .  

We will  now cons ide r  the l o w - t e m p e r a t u r e  range,  Inasmuch as  no t e s t  data  a r e  ava i l ab le  pe r t a in ing  
to the t h e r m a l  conduct ivi ty  of the h y d r o g e n - h e l i u m  mix ture  within the 10-70~ t e m p e r a t u r e  r ~ g e ,  it ts 
dif f icul t  to a s s e s s  the t r end  of the t h e r m a l  conduct ivi ty  as a function of the hydrogen concent ra t ion .  Ap-  
p a r e n t l y ,  however ,  this  function has no min imum within that  t e m p e r a t u r e  range .  We a s s e r t  so  on the bas i s  
of having ana lyzed  the t e m p e r a t u r e  c h a r a c t e r i s t i c  of the coeff ic ient  f = kM/~C v (Fig.  3). At v e r y  l o w - t e m -  
p e r a t u r e s  hydrogen behaves l ike  a monoatomic gas ,  it s e e m s ,  with f ~ 2.5. As the t e m p e r a t u r e  r i s e s ,  
angu la r  deg ree s  of f r eedom a r e  exci ted  and coeff ic ient  f d e c r e a s e s  below 2.5. Beginning at  60-70~ the 
composi t ion  c h a r a c t e r i s t i c  of t h e r m a l  conduct ivi ty  wil l  have a min imum at  a suf f ic ien t ly  high hydrogen 
concent ra t ion  - as has been conf i rmed  a l so  by Golubev 's  da ta  [12]. 
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Fig. 3. Coefficient f as a 
function of the hydrogen 
temperature T (~ [17]. 

It is worthwhile to examine the temperature characteristic of the 
ratio kt//~, 2 (Table 2). This ratio accounts for the effect of both mass and 
diameter of molecules on the transport of heat. An analysis of test  data 
pertaining to the thermal conductivity as a function of the hydrogen con- 
centration indicates a minimum when At2A2t > 1 and ~.1/A2 is sufficiently 
close to unity. 

According to Table 2, Xt/X 2 > 0.8 within the 50-i00~ range, re-  
mains constant and approximately equal to 1.22 within the 300-650~ range, 
and approaches 1.516 at 2000~ The composition characteristic of ther-  
mal conductivity ceases to have a minimum at temperatures ~600~ It 
is to be noted that at temperatures close to 5000~ the mixture becomes 

one of monoatomic gases, inasmuch as at these temperatures hydrogen ceases to dissociate and its f coef- 
ficient becomes equal to 2.5 [16]. 

Further experimental study of the hydrogen-helium mixture is required for a more complete expla- 
nation of its thermal conductivity versus hydrogen concentration characteristics. 
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