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The t he rm a l  conductivi t ies  of ce r t a in  monatomic  gases  have been m e a s u r e d  a t  t e m p e r a t u r e s  
f rom 300 to 1200~ and p r e s s u r e s  p _ 1 arm.  The p a r a m e t e r s  for  the L e n n a r d - J o n e s  (6-12) 
potent ial  a r e  obtained f rom the exper imenta l  data and used to calcula te  the v i scos i t i e s  of 
these  gases .  

Until r ecen t ly  the exper imenta l  data on the the rma l  conductivit ies of these gases  have been l imi ted  to 
a t e m p e r a t u r e  of 500~ [1, 2]. A somewhat  weaker  dependence of Z on t was  obtained in exper imen t s  by 
Kannuluik and C a r m a n  [2]. Recent  shock tube exper iments  a t  t e m p e r a t u r e s  up to 500ffK a r e  not ve ry  a c -  
cura te ;  the i r  e r r o r s  r each  20-30% [3]. 

We p r e s e n t  below the resu l t s  of  m e a s u r e m e n t s  of the thermal  conductivi t ies  of the gases  ment ioned 
a t  t e m p e r a t u r e s  f rom 300 to 1200~ for p ~ 1 a tm.  Since krypton and xenon have the rma l  conductivi t ies 
which a r e  s e v e r a l  t imes  s m a l l e r  than that of a i r  i t  was n e c e s s a r y  to adopt a method of m e a s u r e m e n t  which 
ensu re s  min imum heat  t r a n s f e r  f rom the hea te r  by radia t ion a t  high t empe ra tu r e s .  This  is bes t  a c c o m -  
pl ished by using a fine heated  wi re  as  in our exper iments .  

The exper imenta l  a r r a n g e m e n t  is desc r ibed  in [4]. In o rde r  to t es t  the re l iabi l i ty  of the radia t ion c o r -  
rec t ion  the t he rma l  conductivi t ies  of krypton and xenon were  m e a s u r e d  in two different  s ized tubes.  In the 
hot wi re  method ~ for the gas is given by the re la t ion  

Q~ in D 
~ =  d 

2~ihtga~. (1) 

The hea t  t r a n s f e r r e d  pe r  unit  t ime  f rom the hea te r  by radia t ion is 

q ,ad = eo [T~t - -  T 4] F ,~ 4e~rhTTardt, (2) 

2ead In D 
qrad = .  d T 3. (3) 

Consequently the f rac t ion  of the hea t  t r a n s f e r r e d  by radia t ion q r a d / Q  ~ can be signif icantly d e c r e a s e d  by d e -  
c r e a s i n g  the d i am e t e r  d of the centra l  hea t e r  and the d i ame te r  D of the inner tube. The  dimensions  of the 
quar tz  m e a s u r i n g  tubes used  in the exper iment  a r e  as  follows: 

No. of mea- 
d, m m  Din, m m  Dou t, m m  l ,  m m  

sur ing  tube 

I 0.157 4.07 5.69 159.5 
II 0.100 2.90 4.01 160 

The m e a s u r i n g  tube in a quartz  sheath was placed ve r t i ca l ly  in a t he rmos ta t  whose t e m p e r a t u r e  was kept  
constant ;  the t e m p e r a t u r e  d i f ference  along the m e a s u r i n g  p a r t  did not exceed 0.1~ 
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T A B L E  1. 

t. ~ W, W 

86,8 0,2738 
41,0 0,3071 

t60,9 0,3621 
168,0 0,4441 
176,6 0,4134 
223,1 0,4905 
250,9 0,5546 
269,4 0,5743 
293.8 0,5362 
427,1 0,6821 
444,4 0,6238 
507,7 0,6550 
604,5 0,7839 
690,0 0,7340 
712,5 1,0086 
800,0 .1,0281 

tVrad .IoLw A/gas 

Experimental Data on A for Neon 

~. W/m. deg 

0,35 17,55 
0,47 19,21 
1,86 18,06 
2,30 22,0 
2,90 19,91 
3,95 22,14 
6,10 24,13 
7,09 24,7 
8,02 22,2 

18,6 24,0 
19,7 21,8 
23,4 21,0 
43,4 23,2 
52,2 19,9 
75,7 2646 
93,8 25,0 

0,0500 
0,0507 
0,0636 
0,0642 
0,0654 
0,0704 
0,0726 
0,0735 
0,0761 
0,0886 
0,0912 
0,0962 
0,1026 
0,1100 
0,Ill2 

�9 0,1200 

In pe r fo rming  the measurements  cor rec t ions  were  made for:  1) the tempera ture  jump; 2) the radiat ion 
f rom the heater ;  3) the heat  removal  f rom the ends of the hea ter ;  4) the tempera ture  drop in the wall of the 
measur ing  tube. 

To c o r r e c t  for the tempera ture  jump the experiments  were  per formed at p r e s s u r e s  from 50 to 760 
mm Hg. This co r rec t ion  was m o r e  important  for  neon, and ve ry  small  for krypton and xenon. The second 
cor rec t ion  was made by Eq. (2). The values of e for platinum were  taken f rom [4]. The cor rec t ion  was 
l a rge r  in experiments  with krypton and xenon and therefore  the measurements  with these gases were  p e r -  
formed in two measur ing  tubes with the rat io q r a d / Q  ~ differing by a factor  of 1.5. The resul ts  of the m e a -  
surements  in the two tubes agreed  to within 1.5%, which confi rms the accuracy  of the radiation correct ion.  
The cor rec t ion  for heat  removal  f rom the ends of the measur ing  wire  Was ~1-2%; it was introduced by the 
method of [4]. The co r rec t ion  for the tempera ture  drop in the wall of the quartz tube is very  small  for 
gases ;  in our measuremen t s  it amounted to tenths of a percent  of Atgas. 

The centra l  wire  located along the axis of the tube is simultaneously the heater  and a res i s tance  the r -  
momete r .  This inside res i s t ance  the rmomete r  and the res i s tance  thermometer  mounted on the outer s u r -  
face of the tube were  made of Mark P L - 1  high-grade  platinum wire  with RIo0/Ro = 1.3922. The tempera ture  
coefficients ce and /3 of this platinum a r e  known with sufficient accuracy .  

Before  the experiments  were  pe r fo rmed  the measur ing  tubes were  annealed for 4 h to a temperature 
of 900~ The wall t empera tu re  was sufficiently accura te ly  determined by the res i s tance  the rmomete r  on 

TABLE 2. Experimental  Data on ~ for Krypton Ob- 
tained with Two Measuring Tubes 

t. ~ w, W Wrad'lO',W ] a t g a s  z,W/m.deg 

Tube I 

44,7 
139,2 
224,6. 
357,6 
490,8 
572,2 
688,7 
740,4 
810,8 
856,3 
880,0 

0,1214 
0,1949 
0,2236 
0,2604 
0,2898 
0,3049 
0,4036 
0~2992 
0,6043 
0,6284 
0,6120 

1,16 
1,86 

10,2 
20,9 
37,8 
50,8 
90,9 
73 

t80,5 
205,8 
207,6 

32,53 
45,8 
44,99 
41,13 
37,25 
35,1 
39,3 
27,12 
48,36 
46,6 
44,75 

0,0103 
0,0132 
0,0150 
0,0184 
0,0214 
0,0229 
0,0253 
0,0265 
0,0279 
0,0288 
0,0287 

41,1 
196,8 
260,2 
274,6 
385,5 
458,3 
496,8 
615,4 
786,7 

0,1026 
0,2250 
0,2438 
0,3094 
0,3416 
0,3599 
0,3650 
0,3893 
0,4229 

Tube II 
0.9 
5,69 
8,61 

11,9 
20,7 
30,1 
35,4 
53,7 
93,3 

33,4 
49,28 
46,77 
58,43 
58,48 
51,49 
51,56 
45,8 
39,65 

0,010I 
0,0146 
0,0163 
0,0166 
0,0191 
0,0206 
0,0212 
O, 0242 
0,0274 
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Fig. 1. The rma l  c o n d u e t i v i t i e s , W / m  �9 deg, of neon 
(a), krypton (b), and xenon (c), as  functions of 
t e m p e r a t u r e ,  ~ Solid curve  is calculated.  Ex -  
pe r imen ta l  data:  a: 1) our data;  2) [1]; 3) [3]; 4) [7]; 
5) [8]; 6) [9]; 7) [10]; 8) [16]; b: 1) our  data;  2) [1]; 
3) [2l; 4) [12], 5) [131; 6) (151; 7) [16l; c: 1) our  
data;  2) [1]; 3) [2]; 4) [15]; 5) [16]. 

The r e f e r e n c e  t e m p e r a t u r e  ~ a s  is defined as  
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Compar i son  of exper imenta l  data with 
calculat ions accord ing  to (5) for:  a) neon; b0 
krypton; c) xenon. Notation as in Fig. la, b, 
c. 5 A / A , % ; T ,  ~ 

the outside sur face  of the quartz  tube. A 3.5 g 
weight was suspended f rom the lower  end of the 
cent ra l  plat inum wire .  This  produced a ce r t a in  
tension in the wi re  and affected its r e s i s t ance .  
T h e r e f o r e  before  and a f t e r  m e a s u r i n g  ~ a t  each 
t e m p e r a t u r e  the inside r e s i s t a n c e  t h e r m o m e t e r  was 
ca l ib ra ted  with the outside r e s i s t a n c e  t h e r m o m e t e r .  
This  was done by pass ing  a nonheating cu r r e n t  I 
~ 0,01 A through the t h e r m o m e t e r s  and d e t e r m i n -  
ing the values  of At in deg rees ;  these  values  we re  
taken into account  in de te rmin ing  Atgas [5]. 

- Atgas (4) 
tgas=tst  + 2 ' 

where  t s t  is the t e m p e r a t u r e  of the gas a t  the inner  su r f ace  of the m e a s u r i n g  tube. 

The opera t ion  of the equipment  was tes ted  by repea ted  m e a s u r e m e n t s  of the the rma l  conductivity of 
a i r .  The  resu l t s  of  these  m e a s u r e m e n t s  ag reed  with data in the l i t e r a tu re  [6] to 1-1.5%. Spect roscopica l ly  
pu re  s a m p l e s  of Ne, K r ,  and Xe were  used in the exper iments .  The resu l t s  of the exper iments  on these 
gases  a t  t e m p e r a t u r e s  f rom 30 to 900~C a r e  l i s ted in Tab les  1-3.  The resu l t s  for  krypton and xenon were  
obtained with m e a s u r i n g  tubes I and II.  Our exper imenta l  data together  with r e su l t s  obtained by o thers ,  
a r e  shown in Fig. l a ,  b,  c. We cons ider  f i r s t  the exper imenta l  data of Kannuluik and C a r m a n  [2] on the 
t he rma l  conductivi t ies  of  all  the mona tomic  gases  up to 300~ The values  obtained by Kannuluik and C a r -  
m a n  a r e  somewhat  lower  than ours  with a m a x i m u m  dif ference  of 3-4% at  300~ They employed the hot 
wi re  method with a thick (d = 1.5 ram) plat inum hea te r .  In this case  the t e m p e r a t u r e  jump was negligibly 
sma l l ,  but the co r rec t ion  for  heat  r emova l  f rom the ends of the hea t e r ,  and the radia t ion co r rec t ion  w e r e  
cons iderably  inc reased .  F o r  Kr  and Xe these  co r r ec t ions  amounted to 70-80%. T h e r e f o r e  Kannuluik and 
C a r m a n  w e r e  forced to l imi t  the i r  m e a s u r e m e n t s  to a t e m p e r a t u r e  of 300~ although use  of a plat inum 
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TABLE 3, Experimental  Data or~ ;~ for Xenon Obtained 
with Two Measuring Tubes 

I [ 
f, oc ] ~,W Wrad 'l~ a~gas x,W/m.deg 

Tube I 

25,0 
46,1 

276,0 
400,9 
533,4 
593,2 
693,3 
796,5 
905,5 

82,4 
161,5 
226,9 
348,9 
390,5 
482,2 
606, t 
713,6 
815,0 

0,0232 
0,0717 
0,t151 
0,1348 
0,1538 
0,1615 
0,2713 . 
0,3393 
0,5375 

0,1286 
0,1097 
0,1216 
0,1417 
0,2151 
0,2315 
0,2507 
0,2664 
0,3045 

O, 19 
0,56 

11,4 
21,6 
35,7 
42,8 
91,4 

170,8 
273,8 

Tube II 

0,94 
3,8 
6,3 

12,8 
22,9 
34,8 
55,6 
76,6 

1t2,0 

12,59 
36,79 
34,14 
31,45 
27,4 
26,14 
36,9 
41,25 
144,1 

62,78 
42,53 
41,42 
38,86 
54,60 
50,59 
45,1 
38,8 
36,0 

0,0058 
0,0061 
0,0097 
0,0115 
0,0137 
0,0t45 
0,0156 
0,0173 
0,0187 

0,0065 
0,0080 
0,0091 
0,0108 
0,0115 
0,0128 
0,0t43 
0,0162 
0,0t77 

heater  and a measur ing  cyl inder  of p l a t i num- i r i d ium alloy permit ted experiments in a higher tempera ture  
range.  

Experimental  values of the thermal  conductivity of neon have been reported in [1, 7, 8-10]. All these 
data agree  with our resul ts  to within 1-2% for tempera tures  up to 300~ For  tempera tures  between 350 
and 450~ the difference between our resul ts  and those of [9] is 3-5%. Saxena et al. [9] used the method of 
Blais and Mann [11] to measu re  the thermal  conductivity of neon in the 50-450~ tempera ture  range. 

Saxena et al. [9] note that at  t empera tures  above 350~ the thermal  p rocesses  in the experiments were  
unstable,  and the spread  of points reached !0%. 

In [10] they give data for higher t empera tures .  Up to 300~ our resul ts  differ from theirs by less 
than 1% (Fig. la) .  At t empera tures  from 500 to 900~ these differences increase  to 5%. The cor rec t ion  
for the t empera tu re  jump cannot be determined accura te ly  enough from the experiments.  In [10] the es t i -  
mate  of the tempera ture  jump at all tempera tures  was based on the accomodation coefficient {~ = 0.72 at 
25~ We improved this es t imate  by taking a = f(T), obtained from our experiments on the thermal con-  
ductivity of Ne at var ious  p r e s s u r e s .  Our data agree  with the refined resul ts  of [10] to ~1%. Our total 
e r r o r  in determining ~ for neon is 2.2%. 

Until recent ly  the only data on the thermal  conductivity of krypton at high tempera tures  (up to 1100~ 
at  p = 250 and 500 mm Hg) were  those of Schafer and Reiter  [12]. They did not c o r r e c t  for the tempera ture  
jump. It should be noted that this co r rec t ion  is relat ively small  for krypton, amounting to less than 2% at 
1000~ After  introducing this cor rec t ion  the data of Sehafer and Reiter on the thermal  conductivity of k r y p -  
ton agree  with our resul ts  to within 1.5% (Fig. lb). Data on the thermal conductivity of krypton have r e -  
cently been published by T imro t  and Umanskii [13]. The experiments were per formed by the method of 
Blais and Mann. At high tempera tures  (t ~ 9000C) their data agree  with our resul ts  to within 2%, and at  

500/ a b c 

300 700 1 ,00  ~00~00300 ~ 7]00 #00 T 200300 700 ,,00 T 

Fig .  3. V i scos i t y  in  g / c m - s e c  as  a funct ion of t e m p e r a t u r e  in  ~ a) Ne; b) K r ;  c) Xe;  1) 
[17] ; con t inuous  c u r v e  [18]; open c u r v e  ca l cu l a t ed  with L e n n a r d - J o n e s  (6-12) po ten t i a l ;  
p a r a m e t e r s  e / k  and  {~: Ne) e / k  = 80~ a = 2.551 A;  Kr) r  = 228~ a = 3.450 A;  Xe) 

o 

/ k =  293~ a = 3 . 7 8 9 A .  
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TABLE 4. 
and Xenon 

T,  o K 

300 
350 
400 
450 
500 
550 
600 
650 
700 
750 

Smoothed-Out Values of Z for Neon, Krypton, 

i -  
Neon, 1 Krypton, ] Xenon, 
x,w I ~ W l X ,  W 

[/m" deg [ /m. deg] /rn. de~ 
[ 

0,0494 t 
0,0547 
0,0598 
0,0649 
0,0698 
0,0747 
0,0794 
0 0839 
0,0884 
0,0928 

t 
0,0097 0,0058 
0,0111 0,0067 
0,0124 I 0,0075 
o,o137 ] o,oo83 
0,0149 I 0,0090 
0,0162 ] 0,0098 
0,0174 [ 0,0106 
0,0185 [ 0,0113 
0,0196 /0,012l 
0,0207 / 0,0128 

T. ~ 

800 
850 
900 
950 
000 
050 
100 
150 
200 
250 
300 

Neon, [ Kryptoa, l Xenon~ 
~,w [x,w i~,w 
Ira. deg[/m- degl/m, deg 

0,0971 
0,1012 
0,1052 
0, I091 
0,1129 
0,1166 
0,1202 
0,1236 
0,1269 
0,t302 
0,1333 

0,0218 0,0135 
0,0228 0,0142 
0,0238 0,0149 
0,0248 0,0156 
0,0258 0,0163 
0,0267 0,0169 
0,0275 0,0176 
0,0284 0,0162 
0,0292 0,0188 
0,0299 0 0194 
0,0307 0,0200 

moderate  t empera tures  (t ~ 500~ to within 5%, which is within the l imits  of e r r o r  of their measurements .  
Measurements  of the thermal  eonductivities of krypton and xenon at temperatures  up to 1200~ have been 
repor ted  quite recently [15]. The data on krypton systemat ical ly  diverge from ours by 4%. The values of 

repor ted  in ~15] for krypton a re  lower than ours and lower than those of [12], Our total e r r o r  in d e t e r -  
mining ~ for krypton is 2.7%. 

Our values of the thermal  conductivity of xenon agree  with the resul ts  of others  [1, 14] to within 1-2%. 
Our values of the thermal  conductivity of xenon a re  in good agreement  with the data of [15], the difference 
amounting to 1-2% except at  900~ where it is 4%. 

Our total e r r o r  in determining ~ for xenon is 2.8%. 

On the basis of our  experimental  resul ts  and those of others [7-10, 12-16], and taking account of the 
above indicated cor rec t ions  to the experiments  of Sehafer and Reiter [12] and Saxena et at. [10, 15], the fol-  
lowing equation is proposed for the thermal  conductivity at p ___ 1 atm: 

~. = a + b T  + c T  2. (5) 

The coefficients in this equation, obtained by the method of least  squares ,  a re :  for neon a = 0.01534, b 
= 0.01204 �9 10 -z , e = -0 .02284 �9 10-~; for krypton a = 0.899 �9 10 -3, b = 0.313 �9 10 -4, e = -0 .64  �9 10 -s ; for xenon 
a = 0.649 "10 -3, b = 0.1794.10 -4, c = - 0 . 2 3 4 3 . 1 0  -8. 

In Fig. 2a, b, c the experimental  data is compared with calculations according to Eq. (5). The mean 
deviation of the experimental  data is ~2% for Ne, and ~2.5% for Kr  and Xe. The smoothed-out  values of 
the thermal  conductivities of neon, krypton, andxenon for tempera tures  up to 1300~ calculated by Eq. (5) 
a r e  given in Table 4. 

Using these data the pa rame te r s  of the L e n n a r d - J o n e s  (6-12) potential were  found to have the follow- 
o o 

ing values:  for neon e / k  = 80~ a = 2.551 A; for krypton e / k  = 228~ a = 3.450 A; for xenon e / k  = 314~ 
a = 3.710/k. Using these pa rame te r s  the coefficients of viscosi ty of neon, krypton, and xenon were  ca lcu-  " 

lated for T = 273-1300~K. 

Kestin and Ki Pippo have per formed experiments on Ne and Kr at tempera tures  up to ~ 50&K. Ear ly  
in 1970 two new papers  on the viscosi ty  of monatomie gases were  published. In the f irst  of these Dawe and 
Smith [18] reported measurements  up t o  1500~ by the capi l lary method. In the second Kestin and Kalelkar 
[19] made measurements  on Kr  up to l150~ by the oscil lat ing disk method. The resul ts  of [18] and [19], 
obtained by different methods,  agreed to within 1% for krypton. 

As is c lear  from Fig. 3, there  is sa t i s fac tory  agreement  between the calculated and measured  values 
of viscosi ty.  The maximum differences at  the highest  t empera tures  a re  6~ = 2% for neon, 2% for Kr,  and 
6% for Xe. These differences lie within the l imits of the total experimental e r r o r s  for v iscosi ty  and the r -  
mal conductivity. The data for Xe show a somewhat g rea t e r  divergence at the highest  tempera tures  (T 

> 1000~K). 

If  the experimental  data On ~ and ~7 a re  taken into account  in choosing the pa rame te r s  of the Lennard 
- J o n e s  (6-12) potential a / k  = 2930K and a = 3.798/~. With these pa ramete r s  the maximum difference be -  
tween the measured  and calculated values of ~ and n for xenon is 3%. 
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