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MIXTURE IN THE TEMPERATURE RANGE OF 400-1500~ 

ON AN INSTALLATION WITH A MOLYBDENUM MEASURING CELL 

E. [. Marchenkov and A. G. Shashkov UDC 536.23 

The t he rm a l  conductivity of a r g o n - h e l i u m  mL,~tures (0.2, 0.4,  0.6, 0.8 He) is studied in 
a wide range  of t e m p e r a t u r e s  by the hea ted-wi re  method with an accu racy  of • E x -  
pe r imen ta l  data above the t e m p e r a t u r e  of 7 9 3 ~  a re  obtained for  the f i r s t  t ime .  

The cu r r en t  level  of development  of vacuum and e lec t ron ic  teclmology and the me ta l lu rgy  of r e f r a c -  
tory  me ta l s  and al loys which extens ive ly  employ  monatomic  gases  and their  m ix tu re s  r equ i r e s  knowledge 
of the t he rma l  conductivity in a wide range  of t e m p e r a t u r e s ,  p r e s s u r e s ,  and concent ra t ions .  

The the rma l  conductivity of mix tu re s  of monatomic  gases  is  insuff icient ly studied at p r e sen t .  E s s e n -  
t ial ly,  these  studies in a wide region of the p a r a m e t e r s  of state a re  only beginning [1]. 

The study of the t he rma l  conductivity of an H e - A t  mix tu re  in the t e m p e r a t u r e  range  of 400-1500~ 
at  the four concentra t ions  of 0.2,  0.4,  0.6,  and 0 . S H e  were  conducted on an instal la t ion with a molybdenum 
m e a s u r i n g  cell which was used e a r l i e r  to study the the rma l  conductivity of pure gases  -- hel ium and argon 
[2, 3]. The method,  a schemat ic  d i ag ram of the instal lat ion,  the design of the molybdenum m e a s u r i n g  cell ,  
and the power and measu r ing  s y s t e m s  were  d iscussed  in detail  in [2]. ~ 

The instal la t ion witil a molybdenum m e a s u r i n g  ceil  r e a l i z e s  the absolute method of a heated wire  (fi la- 
ment) and dif fers  h-om those used e a r l i e r  in the fact  that the main e lement  of the m e a s u r i n g  cell --  a mo lyb-  
denum tube --  is heated by the pas sage  of a cu r r en t .  

~ =-"ZT ~ar-ar~ 

3o 

0 
750 !2~,3 T 

. I  . ,  - J 

S 
o 

Fig .  1. T e m p e r a t u r e  dependence (a) and concentrat ion dependence 
(b) of co r r ec t ion  for  t e m p e r a t u r e  jump.  a: 1) He; 2) 0.8 He; 3) 0.6 
He; 4) 0.4 He; 5) 0.2 He; 6) Ar; b: 1) 400; 2) 600; 3) 800; 4) 1000; 
5) 1200; 6) 1400; 7) 1500~ 6T]u, %. T, oK. 
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Fig .  2. T e m p e r a t u r e  dependence 
(b) of f rac t ion  of rad ia t ion ,  a: 1) 
Ar; 5) 0.8 Ar; 6) Ar;  b: 1) 400; 2) 
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(a) and concentrat ion dependence 
He; 2) 0.2 A t ; 3 )  0.4 Ar;  4) 0.6 
700; 3) 1000; 4) 1300; 5) 1500~ 

The m e a s u r i n g  f i l ament  was made of M~R-50 m o l y b d e n u m - r h e n i u m  alloy. The eccent r ic i ty  of the 
f i lament  within the opaque tube was de te rmined  by f luoroscopy of the m e a s u r i n g  cell  in two mutual ly  p e r -  
pendicular  p lanes  on an RUP-200  x - r a y  appara tus  and was no m o r e  than 0.23 m m ,  which introduced a m a x i -  
m u m  cor rec t ion  of about 0.2% into the de terminat ion  of the t he rma l  conductivity.  

The use  of a c u r r e n t - c a r r y i n g  molybdenum tube led to the fact  that  the method of t e m p e r a t u r e  m e a -  
su remen t s  was used which made it poss ib le  to m e a s u r e  the f i lament  t e m p e r a t u r e  Tf and the t e m p e r a t u r e  
of the tube wall T w, as  well as  the t e m p e r a t u r e  drop AT between them us ing the m e a s u r i n g  f i lament  ( r e s i s -  
tance t h e r m o m e t e r )  a t  the "nonheat ing '  and "hea t ing '  values  of the cu r r en t  [4]. This  made | t  poss ib le  to 
study the t he rma l  conductivity of the gas mix tu re  in a r a t he r  wide range  of t e m p e r a t u r e s  with smal l  t e m -  
pe r a tu r e  drops  between the f i lament  and the tube wall (not m o r e  than 10~ 

For  the given instal lat ion the effect  of f r ee  convection was excluded by choosing the geome t ry  of the 
m e a s u r i n g  cell  and the t e m p e r a t u r e  drop in the tes t  gas layer  so that the Rayleigh number  was l e s s  than 
1000 in the en t i re  t e m p e r a t u r e  r ange .  The use  of a m e a s u r i n g  f i lament  with th ree  potential  leads  made 
it poss ib le  to exper imenta l ly  take into account the heat  r e m o v a l  f rom the ends of the m e a s u r i n g  f i lament .  
The t e m p e r a t u r e  drop in the wall of the meta l  tube was negl igibly smal l  and compr i sed  l e s s  than 0.001 ~ 
The co r rec t ion  for the rma l  expansion of e l ements  of the m e a s u r i n g  cell  was introduced by means  of ca l -  
culation, while the co r rec t ion  for the t e m p e r a t u r e  jump was introduced exper imenta l ly  [2]. This c o r r e c -  
tion as a function of the t e m p e r a t u r e  and concentra t ion for  an H e - A r  mix tu re  is p resen ted  in Fig .  l a ,  b, 
f r o m  which i t  is seen that  the co r rec t ion  for  the t e m p e r a t u r e  jump i n c r e a s e s  with an inc rease  in t e m p e r a -  
ture  and, in addition, it is the l a r g e r ,  the s m a l l e r  the molecu la r  weight of the gas or the mix tu re .  This 
cor rec t ion  was on the o rde r  of 20% for  a gas composi t ion of 0.8 He at 1509~ The concentra t ion depen-  
dence of the cor rec t ion  for  the t e m p e r a t u r e  jump for "round" values of the t e m p e r a t u r e  was obtained f rom 
smoothed and interpolated data on the t e m p e r a t u r e  dependence.  The co r rec t ion  for  the t e m p e r a t u r e  jump 
for  a gas  mix tu re  with a p redominance  of Ar  is  smal l  in the en t i re  t e m p e r a t u r e  range  under  cons idera t ion .  
As for  Ar gas  alone and a mix tu re  composi t ion of 0.8 Ar ,  below 800-900~ the accu racy  of our m e a s u r e -  
ments  did not p e r m i t  us to r e l i ab ly  obtain this cor rec t ion  for  t hem.  The re fo re ,  we es t imated  it by ex t r ap -  
olation f rom the region of higher t e m p e r a t u r e s  (the section of the curve  in Fig .  1 denoted by dashes) .  At 
the m a x i m u m  t e m p e r a t u r e  of 1516~ for  argon the co r rec t ion  for  the t e m p e r a t u r e  jump was 1.8% and for 
a composi t ion of 0.8 Ar  at 1518~ it was 4.3%. 

These  exper imenta l  m e a s u r e m e n t s  of the co r rec t ion  for  the t e m p e r a t u r e  jump have an independent 
value for  es t imat ing  the accomodat ion coeff icients  of hel ium, argon,  and their  mix ture  at  the sur face  of 
a m o l y b d e n u m - r h e n i u m  fi lament .  

The effect  of radia t ion and the co r rec t ion  connected with it a r e  impor tan t  in a study of the t he rma l  
conductivity of gas  mix tu re s  at high t e m p e r a t u r e s .  The heat  t r a n s f e r r e d  by radia t ion  was taken into a c -  
count by means  of calculat ion by the S t e f an -Bo l t zmann  equation. The t e m p e r a t u r e  dependences of the 
in tegra l  hemisphe r i ca l  emis s iv i ty  and of the r a t io  of the r e s i s t a n c e  of the f i lament  to i t s  r e s i s t a n c e  a t  20~ 
were  obtained in special  expe r imen t s  at the All-Union Sc ien t i f i c -Resea rch  Inst i tute  of Aviat ion Mater ia l s  
on an instal lat ion of V. A. Ver togradsk i i  [5]. The e r r o r  in the de te rmina t ion  of the t e m p e r a t u r e  dependence 
of the r e s i s t a n c e  r a t io  was 0.3% at a confidence probabi l i ty  of 0 .95 .  
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Fig .  3. T e m p e r a t u r e  dependence (a) and concentra t ion depen-  
dence (b and c) of t he rma l  conductivity of H e - A r  mix tu re  and 
compar i son  of expe r imen ta l  values  obtained with the data of 
other  authors  and with the data of graphic  co r r e l a t i ons ,  a: 1) 
[14]; 2) Saxena; 3) [15]; 4) Gambhir  and Saxena; 5) Rychkova 
and Golubev; 6) [11]; 7) [12]; 8) our data; 9) g raph ic  co r re la t ion  
of [17]; 10) graphic  cor re la t ion  of [8]; b: 1) 400; 2} 500; 3) 600; 
4) 700; 5) 800; 6) 900; 7) 1000; 8) 1100; 9) 1200; 10) 1300; 11) 
1400; 12) 1500~K; c: 1) 793~K [14]; 2) 589~ [15]; 3) 390~K [12]; 
4) our data .  X �9 103, W / m  �9 deg.  

The t e m p e r a ~ r e  and concentra t ion  dependences of the ra t io  of the radiant  flux to the effect ive heat 
flux [or the pure  gases  and an H e - A t  mix tu re  a r e  p resen ted  in Fig .  2a, b .  I t  is  seen f r o m  these  graphs  
that  the f rac t ion  of radia t ion in the overa l l  flux inc reased  with an inc rease  in t e m p e r a t u r e  and reached  a 
m a x i m u m  value on the o rder  of 33% for  the heavy gas  a rgon  at 1516r while for  the light gas  hel ium it 
was only 6% at a t e m p e r a t u r e  of1413~ In addition to these  fac to rs ,  t he rma l  diffusion has a cer ta in  effect  
in m e a s u r e m e n t s  of the t he rma l  conductivity of  gas mix tu re s  [6]. 

We calculated the co r rec t ion  for  t he rma l  diffusion for  the max imum t e m p e r a t u r e  of 1500~K by the 
method of [7] using the modified Buckingham potential (exp-6).  The calculat ion showed that the co r rec t ions  
hDT/k  for  the four concentra t ions  of 0:2,  0.4,  0.6,  and 0.8 He a re  1.44, 1.82, 1.55,  and 0.9~0, r e s p e c -  
t ively,  i . e . ,  it does not exceed 2%. Only the effect  of t he rma l  diffusion can be judged on the ba s i s  of these  
ca lcula t ions .  I t  is imposs ib le  to calcula te  this cor rec t ion  exact ly  in a quanti tat ive r e spec t ,  since a c o m -  
par i son  of exper imenta l  data (concentrat ion and t e m p e r a t u r e  dependences) on the the rma l  diffusion con-  
s tant  for  an He- -Ar  mix tu re  [18] with the theore t ica l  data showed that  the calculated a T  data obtained with 
the use  of different  potential  functions a r e  not in sa t i s f ac to ry  a g r e e m e n t  with the exper imen ta l  data .  M o r e -  
over ,  the expe r imen t  of [18] showed that the t e m p e r a t u r e  dependence of ct T does not agree  even qual i ta t ively 
with that given by a calculation based on s t r i c t  kinetic theory .  

In o rder  to d e c r e a s e  the effect  of t h e r m a l  diffusion in our instal lat ion with a molybdenum m e a s u r i n g  
cell  the m e a s u r e m e n t s  of the the rma l  conductivity of gas mix tu re s  were  p e r f o r m e d  with smal l  t e m p e r a t u r e  
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drops between the fi lament and the wall of the molybdenum tube. In addition, the molybdenum tube, heated 
by the passage of an e lec t r ic  current ,  was surrounded by coaxial finned shields with a gap of no more  than 
5 mm between them. The number  of shields was chosen so that the tempera ture  difference between shields 
was no more  than 50 ~ The entire "hot" volume of our installation, divided by the shields into separate  
"hot" volumes,  was g rea te r  than the cold volume.  The vacuum valves disconnecting the communicat ing 
vacuum hoses were placed di rec t ly  on the housing of the installation, thereby obtaining the minimum r'cold" 
volume for the construct ion.  In experimental ly  determining the correc t ion  for the tempera ture  jump it 
was important  to keep the composit ion of the test  mixture constant at all p r e s s u r e s .  Therefore ,  in the 
study of gas mixtures ,  in contras t  to pure gases ,  when changing f rom one p ressu re  to another the housing 
of the installation with the measur ing  cell was carefully evacuated to 10 -4 mbar ,  and only then was it filled 
with a mixture of the same composition but different p r e s s u r e .  The installation was filled with gas f rom 
tanks through a r educe r  and the p re s su re  was measured  with an MBP vacuum manometer  with an accuracy  
of • 0.05 mbar .  

The gas mixtures  were prepared in the measur ing cell and the housing of the installation with an ac -  
curacy  no worse than • High-puri ty  helium (99.995%) and argon (99.957%) were used in the exper i -  
ments .  The measu remen t  of the thermal  conductivity of argon and an H e - A r  mixture was per formed on 
a measur ing  cell with the following pa ramete r s :  inner diameter  of tube d 2 =5.700 • 0.005 ram, outer diam- 
eter  of ~ tube D =6.300 • 0.001 mm, diameter  of measur ing  fi lament d 1 =0.100 • 0.001 ram, length of long 
section of f i lament I l =96.516 • 0.001 ram, length of short  section of f i lament I s =37.117 * 0.001 ram, ec-  
centr ic i ty  a =0.23 ram, res i s tance  of long section of f i lament at 20~ R~~ • ~2, res i s tance  of 
short  section of fi lament at 20~ R~ ~ = 0.9282 • 0. 0002 ~, effective length /ef = l l - - l  s =59.399 =~0 001 mm, 
and e f f e c t i v e  r e s i s t a . c e  at 20 C = 1 . 4 8 5 4  •  2 .  

The resul t s  of the measurements  are  presented in Table 1. 

The tempera tu re  dependence of the thermal  conductivity of an H e - A r  mixture for four concent ra-  
tions and the concentrat ion dependence of the thermal  conductivity at ~tifferent "round" values of the t em-  
pera ture  every  100 ~ in the tempera ture  range of 400-1500~ are  presented in Fig.  3a, b, c .  The exper i -  
mental data obtained on the thermal  conductivity of a ~ H e - A r  mixture were compared with the exper imen-  
tal values of other  authors  both for the tempera ture  dependence (Fig. 3a) and for the concentration depen- 
dence (Fig. 3c), as well as with the data of a graphic corre la t ion [8] and with the theoretical  values of [9]. 

The graphic cor re la t ion  of [8] did not include more  recent  works [10-13]; the other works of authors 
indicated in Fig .  3a are  presented in the bibliography of [8]. Of experimental  works on the study of the 
thermal  conductivity of this mixture at  elevated tempera tures  we know of only [12, 14, 15]. The thermal  
conductivity of this mixture has been measured  on shock tubes s tar t ing pract ica l ly  with t empera tu res  of 
1200-1500~ andabove [16, 13], i . e . ,  the tempera ture  interval of 800-1500~K has not been studied at all .  
At the same t ime, the graphic corre la t ion of [8] showed that the data of [14] are  sys temat ica l ly  overstated,  
and our exper iments  confirmed this (Fig. 3c). The data of [14] in comparison with our data are over -  
stated by an average of 9.3% for the four concentrat ions at a tempera ture  of 793~ The experimental  
values of [15], onthe other hand, are  understated by an average of 4.4% at a tempera ture  of 589~K. In com-  
paring the data of [15] with our experimental  data we obtained a resul t  a lmost  analogous with that of a com-  
pa r i s ono f the i r  data and the data of the graphic corre la t ion of [8]. As for the data of [14], in a comparison 
with our experiments  their  average deviation was found to be 3.4% lower than in a comparison with the r e -  
sults of a graphic cor re la t ion .  The deviation of the values of [14] f rom our experimental  values for the 
concentrat ion of 0.8 He is the lowest and compr i ses  1.5%, whereas  for the other concentrat ions the devia-  
tions a re  seven to eight t imes  l a rge r .  The curve of the graphic cor re la t ion  of [8] passed in such a way 
that the point of [14] for this concentration lay 7.7% higher .  The presen t  experiments  showed that this 
point [14] lies c losest  of all to our experimental  data in the size of the deviation. This fact  indicates the 
inconsistency of the absolute values of the deviation of the data of [14]. At the same time the large de-  
c rease  in the deviation of these data f rom 7.7 to 1.5% indicates that our experimental  points for this t em-  
pera ture  are  somewhat overstated for a content of 0.8 He. 

A compar ison of our data and the values of [12] at a tempera ture  of 3 9 0 ~  shows that our resul ts  
agree  well with [12] for  concentrations of 0.2 and 0.4 He, and somewhat worse for 0.6 and 0.8 He.  For  
these two concentrat ions the data of [12] are  higher than ours by 7.5 and 5.5%, respect ively .  

In Fig.  3a we also present  data on the thermal  conductivity obtained through the graphic corre la t ions  
of [8] and [17], for which we made a detailed comparison in [8]. It should be noted that in the tempera ture  
region above 1000~ the corre la t ion  of [8] is based on experimental  data obtained on a shock tube with an 
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accu racy  of +15-20% [16]. A "matchup ~ of the unequally accura te  exper imenta l  data of the two t empera tu re  
in tervals  of 300-800~K (2-5%) and 1000-5000~ (15-20%) was per formed in [8]. It is seen f rom Fig.  3a that 
the data of the graphic cor re la t ion  and the exper imenta l  values obtained in the range of 400-700~K agree  
well with each other for  all the concentra t ions .  As for  a range of 700-1500~K, here  the resu l t s  of the graph-  
ic co r re la t ion  are  sys temat ica l ly  understated.  A quantitative es t imate  of the deviations of the data of 
the graphic cor re la t ion  f rom the exper imental  values shows that for  the concentrat ion of 0,2 He the average 
deviation calculated for  the eight "round" t empera tu re  values s tar t ing with 800r is 3.8%, for  0.4 He it is 
4.5%, for 0 .6  He it is 4.4%, and for  0.8 He it is 9.1%. For  a composit ion of 0.8 He we obtained an average 
deviation about two t imes  l a rge r  than for the other composi t ions .  This evidently indicates that our expe r i -  
mental  data for  this concentrat ion a re  somewhat overs ta ted .  This overs ta tement  of the values of the t he r -  
mal  conductivity for the concentrat ion of 0.8 He can be explained in pa r t  by the effect  of the thermal  diffu- 
sion and the eccent r ic i ty ,  which lead to overs ta tement  of the exper imenta l  values of the thermal  conduc- 
t iv i ty .  At the same t ime, the values obtained above for the deviations of the data of the graphic c o r r e l a -  
tion f rom the exper imental  data indicate that the graphic "match" of unequally accura te  (having different  
"weights") exper imental  data for  the two t empera tu re  ranges  was per formed ra the r  successfu l ly .  

A comparison between the experimental  data obtained on the thermal  conductivity of an He - - A t  mix -  
ture  and the theoret ical  values of [9] showed that our exper imenta l  values of the thermal  conductivity of 
an H e - A t  mixture  at t empera tu re s  above 1 0 0 0 ~  are  in sa t i s fac tory  ag reement  with the theoret ical  values 
calculated using the modified Buckingham potential (exp-6) and the Morse potential .  The comparison in 
[9] of the exper imenta l  values with the calculated data of other authors  showed that the (9-6) potential is 
not at all acceptable for  calculating the thermal  conductivity of the given mixture  in the indicated t empe ra -  
ture  range .  

On the bas is  of the equation 

AT, AA ~ ~AQ t .a (AVg) 
;~ - ~  Qt + 6rg 

an es t imate  was made of the maximum re la t ive  e r r o r  of the thermal  conductivity values for  helium, argon, 
and thei r  mixture  for  the initial and final t empera tu re s  of the measu remen t  range,  and it  showed that with 
an increase  in the t empera tu re  the average value of the maximum e r r o r  increases  f rom • at 400~ to 
+4% at 1500~K. I t  is in teres t ing to note that for  the t empera tu re  of 400~ the l imiting e r r o r s  of the the r -  
mal  conductivit ies of helium, argon,  and thei r  mix tu res  differ  l i t t le f rom the average  value of +2%, which 
for  these t empera tu re s  is determined mainly by the e r r o r  in measur ing  the t empera tu re  drop in the gas 
l ay e r .  At high t empera tu re s  the maximum e r r o r  inc reases  with an increase  in the argon concentrat ion in 
the mix ture .  This is explained by the fact that the e r r o r  in determining the radiant  flux, which inc reases  
when the heavy gas predominates  in the mixture  because  of  the increase  in the radiat ion f ract ion in the 
effective thermal  flux, has a considerable  effect  through AQt/Q t on the maximum e r r o r  of the thermal  con- 
ductivity at high t e m p e r a t u r e s .  A calculation showed that at 1500~ the maximum re la t ive  e r r o r s  of the 
thermal  conductivit ies will be :e5% for He, • for  0.2 Ar,  +3.5% for 0.4 Ar,  + 3.4% for 0.6 Ar,  ~:4.1% 
for  0.8 At ,  and +5.5% for A t .  

N O T A T I O N  

dl, d iameter  of measur ing  f i lament,  mm; d2, inner d iameter  of tube, mm; D, cuter  d iameter  of 
tube, mm; I l , length of long section of f i lament,  mm; Is, length of short  section of f i lament,  mm; R2. ~ , 

20  o r e s i s t ance  of long section of f i lament  at 20~ ~; R s , r e s i s t ance  of short  section of f i lament  at  20 C, ~; 
/el; effective length, mm; R2e~, effective res i s tance  at  20~ ~; I 0, value of "nonheat ingncurrent ,  A; R~ , 
r e s i s t ance  of long section of f i lament with "nonheating" cur ren t ,  ~2; R~ res i s tance  of short  section of f i la-  
ment with "nonheating" cur ren t ,  ~2; R l, r e s i s t ance  of long section of f i lament  with "heating" cur ren t ,  ~2; 
R s, r e s i s t ance  of shor t  section of f i lament with "heating" cur ren t ,  f~; R~ effective res i s tance  with Nnon- 
heating" cur ren t ,  ~; Ref, effective res i s t ance  with ',heating" cur ren t ,  ~; Tw, wall t empera tu re  of molyb-  
denum tube, ~ Tf, t empera tu re  of measur ing  f i lament ,  ~ AT, t empera tu re  difference between f i l a m e n t  
and wall, ~K; ATg, t rue t empera tu re  drop in gas layer ,  ~K; T, mean t empera tu re ,  OK; Q, effective heat 
flux, W; Qt' hea~flux t r an s f e r r ed  by thermal  conduction, W; Qr,  heat flux t r ans f e r r ed  by radiation,  W; 

a i k, thermal  conductivity of gas 
mixture ,  W/m �9 deg; A•/X, re la t ive  e r r o r  of measured  values of thermal  conductivity; AA/A, re la t ive  
e r r o r  of cont inuous-measurement  molybdenum cell;  Z~Q,./Q r ,  re la t ive  e r r o r  of value of heat flux t r ans -  
f e r r e d  by the rma l  conduction; A(ATg)/&Tg, re la t ive  e r r o r  of t r ue t empera tu r e  drop in gas l aye r .  

730 



LITERATURE C I T E D  

1. A . G .  Shashkov and E. I. Marchenkov, in: The Studies of Thermophysical Properties of Materials 
[in Russian], Inst. Teplo- [ Massoobmena, Akad. Nauk BelorusSSR, Minsk~(1971), p~ 15. 

2. E . I .  Marchenkov and A. G. Shashkov, Inzh.-Fiz .  Zh.,  2_.44, No. 6 (1974). 
3. E . I .  Marchenkov, in: Summaries of Reports of Conference of Young Scientists [in Russian], Inst. 

Teplo- i Massoobmena, Akad. Nauk BelorusSSR, Minsk (1974). 
4. E . V .  Borovik e t a l . ,  Zh. Tekh. F iz . ,  1__00, No. 12 (1940). 
5. V . A .  Vertogradskii, Author's Abstract of Candidate's Dissertation, Moscow Energy Institute, Mos- 

cow (1972). 
6. A . G .  Shashkov, I~. V. Ivashkevich, and T. N. Abramenko, in: The Problem of Heat and Mass Trans- 

fer [in Russian], Energiya, Moscow (1970), p. 15. 
7. ]~. V. Ivashkevich, Candidate's Dissertation, Institute of Heat and Mass Transfer, Academy of 

Sciences of the BelSSR (1973). 
8. E . I .  Marchenkov, in: Heat and Mass Transfer at High Temperatures [inRussian], Inst. Teplo- i 

Massoobmena, Akad. Nauk BelorusSSR, Minsk (1973), p. 121. 
9. O . A .  Kolenchits and V. I. Aleinikova, Izv. Akad. Nauk BelorusSSR, Ser. F iz . -Energ . ,  No. 4 

(1974). 
10. W. Van Dael and H. Cauwenbergh, Physica, 4__0_0, 173 (1968). 
11. D . R .  Tree and W. Leidenfrost, in: Proceedings of the Eighth Conference on Thermal Conductivity, 

Purdue University, Lafayette, Indiana (1968), p. 101. 
!2. A . G .  Shashkov and F. P.  Kamchatov, Inzh.-Fiz .  Zh., 2_~2, No. 5 (1972). 
13. J .  Maw Teoretickg a Experiment~lni Vysetrovani Tepeln~ Vodivosti Sm@s[ Inertnich Plyno 

pr] Vysokych Teplotach, CAV, Ustav Termomechanicy (1970). 
14. H. Ubisch, Arkiv Fysik, 166, 93 (1959). 
15. H. Cheng et a l . ,  Amer.  Inst. Chem. Eng. J . ,  8, 221 (1962). 
16. R . A .  Matula, ASME Paper 67-WA/HT-3 (1967). 
17. J . M .  Gandhi and S. C. Saxena, J .  Chem. Eng. Data, 1_33, 357 (1968). 
18. E . E .  Makletsova, Author's Abstract of Candidate's Dissertation, Kazakh State University, Alma: 

Ata (1972). 

731 


