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We give the calculated values of the thermal  conductivity and v iscos i ty  of lithium vapors  (T = 
800-2000~ p = 3 .10-3 -3  ba r ) .  No experiment  was conducted for lithium. A compar ison with 
exper iments  conducted on sodium and potass ium is given. 

1. The thermophysiea l  proper t ies  of the alkali metals  have been intensively studied in recent  years ,  both 
in the gaseous [1-4] and in the condensed [1, 5, 6] phases.  This is due to prac t ica l  needs and to proper t ies  of 
t r ans fe r  p roces se s  in vapors  which a re  of in teres t  for  theoret ical  purposes.  Resea rche r s  have accumulated a 
considerable  amount of experimental  mater ia l  on the t r ans fe r  proper t ies  of Na, K, Rb, and Cs vapors.  F rom 
an analysis  and p rocess ing  of such data published up to 1978 [2, 4], it has been possible to make some impor-  
tant general izat ions  and to c lar i fy  a number  of laws governifig the behavior  of a lkal i -metal  vapors.  Attention 
should be given to the fact  that calculations pe r fo rmed  thus far  on the t r ans fe r  proper t ies  of a lkal i -metal  
vapors  [1, 7, 8] yield resul ts  for  a number  of important  quantities which differ not only quantitatively but 
quali tat ively as well f rom the experimental  resul ts :  a) in the experiments  the v iscos i ty  dec reases  with in- 
c reas ing  p re s su re ,  whereas  according to the theory it inc reases ;  b) in the calculations the contribution of the 
energy t r ans fe r  of the dissociat ion react ion to the total heat flux was much higher than the value indicated by 
experiments .  Under p resen t -day  conditions the development of theoret ical  r e s e a r c h  on the t ranspor t  p rope r -  
ties of a lka l i -meta l  vapors  is of g rea t  importance.  The reason  for this is the lack of experimental  resul ts  for  
Li and the nar row tempera tu re  range in which the experimental  investigations are  usually conducted, and also 
the interest ing proper t i es  of the behavior  of a lkal i -meta l  vapors.  

Analysis  [2, 4] indicates that the main reason for the divergence between theory and experiment is the 
very  low accuracy  of the calculation of the m o n o m e r - d i m e r  scat ter ing c ros s  section. In o rder  to remove this 
defect, in [9] we calculated the anisotropic m o n o m e r - d i m e r  potentials for  Li, Na, and K. An analysis of the 
potential curves  and a compar ison of these curves  with a number  of experimental, data enabled us to calculate 
by a unified method the m o n o m e r - d i m e r  t r anspor t  c ro s s  sections o2~2~2'22)* for lithium, sodium, and potassium 
in the 800-1500~ range, as well as the m o n o m e r - d i m e r  c ross  section for lithium [10, 11], reduced in ac-  
cordance  with [9] by 20~, and for  sodium and potass ium [4]. We used the data of this table in calculating the 
kinetic coefficients.  Taking account of the low dimer  concentrat ion,  we can use the approximate formula 

0"2 fl 212~2 2 ) * "  ----~vo'~2fl (2,2),1_2 --0"2fl~2. ~2)*-_ for  d i m e r - d i m e r  sca t ter ing c ros s  sect ions.  

As is shown in [4],~for all experimental ly  investigated alkal i -metal  vapors  A~_ 2 = ~ 1-2 /v 1-2 -- 

1.2 and B~-2 (5~1h,22), _ An(1,3),~xn (1,1), = ~ 1 - 2  / /~ i -2  = 1.2. These values were also used for lithium. 

2. The t r ans fe r  coefficients were calculated on a computer  according to the exact formulas  of the kin- 
etic theory of ra ref ied  gases  [14]. The resul ts  of [9, 4] were  used as the t ranspor t  c ro s s  sections (Table 1) 
and the data of [12, 13] were used for  the thermodynamic quantities. In the 1500-2000~ range we used c ross  
sections obtained by extrapolation of the data of Table 1. The resul ts  of the calculations are  shown in Figs. 1- 
4 and Tables 2 and 3. 

The main difference between the resul ts  shown here for the v iscos i ty  of Li and the resul ts  of other 
theoret ical  calculations is that the v iscos i ty  dec reases  with increas ing p r e s s u r e  (Table 2, Fig. 1). This is 

due to the high value of the rat io fl(2~ = n ( 2 . 2 ) , / n ( 2 , 2 ) ,  ~ 1, ob- ~~ x~i- i  ~2.54obtained in [9], in compar ison with tic2) 
tained in [1, 7, 8 ], As was predic ted above, the negative sign of the p r e s s u r e  effect  is confirmed exper imen-  
tally andis  a genera l  p roper ty  of a lkal i -metal  vapors.  
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Fig. 1. Var ia t ion of the v i scos i ty  ~7 of l i thium vapo r s  as a function 
of t e m p e r a t u r e  T and p r e s s u r e  p: 1) monatomic  vapor;  2) s a t u r a -  
tion curve;  3) p =  3.10-3; 4) 3.10-2; 5) 3-10-1; 6) p =3 .  7, Pa"  

sec;  T, ~ p, ba r .  

Fig. 2. Var ia t ion  of the t h e r m a l  conductivi ty k of l i thium vapors  
as a function of t e m p e r a t u r e  and p r e s s u r e .  The notation is the 

s a m e  as in Fig. 1. k, W/(m-OK.). 
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Fig. 3. Var ia t ion of the ra t io  
k r / k  as a function of t e m p e r a t u r e  
and p r e s s u r e .  The notat ion is the 
s a m e  as in Fig. 1. 
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Fig. 4. Comparison of the ealculate<l results 
for the thermal conductiviW of sodium vapor 
with expe r imen ta l  resu l t s :  I) ca lcula ted  [1) 
monatomic  vapor;  2) sa tura t ion  curve;  3) 
p = 0.01; 4) 0.05; 5) 0.5]; H) genera l i zed  
expe r imen ta l  data of [4]. ~, W/(m. ~ T, 
~ p, b a r .  
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T A B L E  1. I n t e g r a l s  o f  M o n o m e r -  M o n o m e r  and  M o n o m e r -  D i m e r  
C o l l i s i o n s ,  ~2 

T, o K 

Substance litera- 
8oo 900 1ooo 11oo 14oo 1500 ture 

Li ~2~_i 

Na Q~ --1 

K QI_,. Q~..z 

19,5 
50,6 
20, 1 
54,5 
30, 3 
75,1 

18,9 
48,6 
19,5 
52,2 
28,7 
73,0 

18,4 
46,8 
19,0 
50,3 
27,2 
70,2 

17,9 
45.2 
18,5 
48,7 
26,0 
67,1 

18,0 
47,2 
24,9 
64,9 

R e m a r k . t l l - I  = ~ i l l -2  = ~ 

1200 1300 

17,5 17,0 
43,8 42,8 

17,6 
45,5 
23,9 
62,8 

16,7 
41,6 
17,2 
44,5 
23, 1 
61,3 

16,3 I9--11l 
40,7 [91 
16,8 [41 
43,4 [9 t 
22,3 [41 
59,8 [91 

T A B L E  2. V i s c o s i t y  o f  L i t h i u m  V a p o r ,  ~ �9 10 ?, P a  �9 s e e  

T, o K 

800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 

Mon~ 
atomic 
vapor 

103 
113 
122 
132 126 
141 138 
150 149 
159 158 
167 167 
176 176 
184 184 
192 192 
201 201 
209 209 

P, bar 

i3.10-~]3.10-~13. I 0-1 

140 
153 
144 
174 160 
183 173 
191 185 
200 195 
208 205 

156 
171 
185 
197 

2 3 

157 147 
173 164 150 
187 180 166 

5 7 

157 

8,5 

152 

O n  s a t u -  
r a t i o n  

101 
109 
115 
121 
125 
129 
133 : 
135 
138 
141 
144 
146 
149 

T A B L E  

T, ~ 

800 
900 

I000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 

3. T h e r m a l  C o n d u c t i v i t y  o f  L i t h i u m  V a p o r ,  X.  104, W / r e .  ~ 

Mon- 
atomic 
vapor 

463 
507 
550 
592 
633 
673 
712 
751 
790 
827 
864 
902 
938 

3.10--313.1 0--2 3.1 0--I I 

794 
701 
599 
723 
757 
792 
829 
866 
902 
938 

P, bar 

899 
816 
801 
815 
841 
873 
906 
941 

1110 
1000 
951 
939 
947 
966 

1140 
1070 1180 
1030 1120 
1020 1090 

1250 
1180 
1140 

1250 
1210 1240 1260 

On s a r u -  
ration 

8,5 c u r v e  

586 
7O7 
83O 
944 

1040 
1120 
1180 
1230 
1240 
1260 
1270 
1270 
1270 

I t  c a n  b e  s e e n  f r o m  F i g .  3 t h a t  t he  f r a c t i o n  o f  the  h e a t  f lux  due  to t he  t r a n s f e r  o f  t h e  e n e r g y  of  the  d i s -  

s o c i a t i o n  r e a c t i o n  i s  n o w h e r e  g r e a t e r  t h a n  50%. T h u s ,  t h e  e f f e c t  of  t he  d i s s o c i a t i o n  r e a c t i o n  on  t h e  t h e r m a l  

c o n d u c t i v i t y  of  l i t h i u m  v a p o r  i s  m u c h  l e s s  than  i n d i c a t e d  b y  t h e  d a t a  o f  [1, 7, 8 ] ,  and  t h i s  i s  due  to t he  l a r g e  

v a l u e  o f  fi(2). 

T h e  c a l c u l a t i o n s  f o r  s o d i u m  and  p o t a s s i u m  a r e  in  good  a g r e e m e n t  w i t h  t he  a v a i l a b l e  e x p e r i m e n t a l  d a t a  

[4] .  To  i l l u s t r a t e  t h e  d e g r e e  of  r e l i a b i l i t y  o f  o u r  c a l c u l a t i o n s ,  in  F i g .  4, a s  an  e x a m p l e ,  we  c o m p a r e  t h e  r e -  

s u l t s  o f  o u r  s t u d y  on  t h e  t h e r m a l  c o n d u c t i v i t y  o f  s o d i u m  v a p o r  w i t h  e x p e r i m e n t a l  v a l u e s  f r o m  [4] .  T h e  d i f f e r -  
e n c e  i s  l e s s  t h a n  10%, and  t h e r e f o r e ,  in  t h e  a b s e n c e  of  e x p e r i m e n t a l  d a t a  f o r  l i t h i u m ,  t h e  a c c u r a c y  of  the  

c a l c u l a t e d  v a l u e s  ( F i g s .  I - 3 ,  T a b l e s  2, 3) m a y  a l s o  be  e s t i m a t e d  a s  a b o u t  ~ I 0 % .  

NOTATION 

02fli(2_ '2)*, integral of monomer- monomer collisions; ~2o( 1. I), a2t} I, 2), ~2o(1,3) ~2o (I,3), ~2n(2,2),, u ~1-2 ' 1-2 , v ~1-2 ' ~1.2 , ~' ~1-2 ' 

i n t e g r a l s  of  m o n o m e r - d i m e r  c o l l i s i o n s ;  a2~2P-': ) * ,  i n t e g r a l  o f  d i m e r - d i m e r  c o l l i s i o n s ;  3 r r a t i o  v~2c)(2"2)*/a~l_2 / 
0"2d222)* ; _ .  A,*_ 2_ i s  t h e  v a l u e  o f  ~2n( 1,1),/. .2o( t, 1),.  B* - +oi-2 /~ +,I-2 , i-2, i s  the  v a l u e  o f  ( 5 ~  2)* _ ~nr p/  t-2 , ~, t h e r m a l  
c o n d u c t i v i t y  o f  t h e  v a p o r ;  ~ r ,  c o m p o n e n t  o f  t h e  th+ermal  c o n d u c t i v i t y  t h a t  i s  due  to  t he  t r a n s f e r  o f  t h e  e n e r g y  

of  t h e  c h e m i c a l  r e a c t i o n ;  T,  t e m p e r a t u r e ;  p, p r e s s u r e ;  ~, v i s c o s i t y  o f  the  v a p o r .  

249 



L I T E R A T U R E  C I T E D  

1. E . E .  Shpil ' rain,  K. A. Yakimovich, E, E. Totskii ,  et  al., Thermophys ica l  P rope r t i e s  of the Alkali 
Metals [in Russ ian] ,  Standartov, Moscow (1970). 

2. V.S .  Yargin, "A p rope r ty  of the the rma l  conductivity of alkali  meta ls  in the gaseous phase.  The connec-  
tion between the rma l  conductivity and viscosi ty ,"  Inzh . -Fiz .  Zh., 3._~4, No. 3, 456-464 (1978). 

3. Yu. K. Vinogradov and A. V. Veryugin, "Exper imen ta l  invest igat ion of the rma l  conductivity by the 
method of per iodic  heating," Inzh . -Fiz .  Zh., 3..44, No. 5, 854-859 (1978). 

4. V.S .  Yargin, N. I. Sidorov, and E. L. Studnikov, Viscosi ty  and Thermal  Conductivity of the Alkali 
Metals in the Gaseous Phase .  Surveys  on the Thermophys ica l  P r o p e r t i e s  of Substances [in Russian] ,  
No. 5, H igh-Tempera tu re  Institute,  Academy of Sciences of the USSR, Moscow (1978), pp. 1-123. 

5.  N . B .  Vargaftik, V. A. Alekseev,  V. F. Kozhevnikov, et  al., "Exper imenta l  investigation of the equation 
of s ta te  of liquid alkali  metals .  I," Inzh . -F iz .  Zh., 355, No. 5, 901-907 (1978). 

6. N . B .  Vargaftik, V. A. Alekseev,  and V. F. Kozhevnikov, "Exper imen ta l  investigation of the equation of 
s ta te  of liquid alkali metals ,  H," Inzh. -Fiz .  Zh., 35, No. 6, 998-1005 (1978). 

7. C . S .  Lee, D. E. Lee,  and C. F. Bonilla, "Calculat ion of the thermodynamic  and t ranspor t  p roper t i e s  of 
sod ium,  potass ium and ces ium vapors ,"  Nucl. Eng. Design, 10, 83-174 (1969). 

8, D . E .  Briggs,  " T h e r m a l  conductivity of potass ium vapor ,"  Disser ta t ion,  Univ. of Michigan (1968). 
9. A. Ya. Polishchuk, E. E. Shpil ' rain,  and I. T. Yakubov, "Effec t ive  m o n o m e r - d i m e r  t r anspor t  c ross  sec -  

tions in a lka l i -meta l  vapors ,"  Teplofiz. Vys. Temp.,  1_77, No. 6, 1194-1201 (1979). 
10. B . M .  Smirnov and M. I. Chibisov, '~4inetie coeff icients  for  monatomic vapors  of alkali metals ,"  Teplo-  

fiz. Vys. Temp. ,  9, No. 3, 513-515 (1971). 
11. A . V .  Eletskii ,  L. A. Palkina, and B. M. Smirnov, T ranspo r t  Phenomena in Weakly Ionized Gases and 

P l a sm a  [in Russ ian] ,  Atomizdat,  Moscow (1975). 
12. L . V .  Gurvich,  G. A. Khachkmruzov, V. A. Medvedev, e t  al., Thermodynamic  P rope r t i e s  of Individual 

Substances [in Russ ian] ,  Izd. Akad. Nauk SSSR, Moscow (1962). 
13. N . B .  Vargaftik,  Tables on the Thermophys ica l  P r o p e r t i e s  of Liquids and Gases,  Halsted P r e s s  (1975). 
14. E . A .  Mason, " T r a n s p o r t  in a neut ra l  gas ,"  in: Kinetic P r o c e s s e s  in Gases and P lasma  [Russian t rans -  

lation], Atomizdat,  Moscow (1972), pp. 52-91. 

D E T E R M I N A T I O N  O F  C E R T A I N  P H Y S I C A L  

P R O P E R T I E S  O F  A S O L I D  ON T H E  B A S I S  

O F  T H E  I N T E R A T O M I C  I N T E R A C T I O N  

P O T E N T I A L  

N. I.  N i k i t e n k o  UDC 539.2 

The method of computing the dependence of the specif ic  volume of a solid on the p r e s s u r e  and 
t empera tu re  on the bas is  of the in tera tomie  in terac t ion  potential ,  which is a function of the in- 
te rna l  atom energy,  is considered.  The resu l t s  obtained a re  compared  with exper imenta l  data. 

The in terac t ion  potential  of atoms of a condensed body, which is a function of the atom internal  energy,  
is obtained in [1, 2]. In conformi ty  with this potential,  the fo rce  f with which a given atom acts on another  
atom at  a r e mo te  dis tance r can be r ep r e sen t ed  as follows 

r = a [(ho/r) ~+2 ~ (ho/r)~+ 2] ~ bE (ho/r)~+2. 

Here  h 0 is the spacing between two isolated atoms in the equi l ibr ium state (f = 0) at an absolute ze ro  t em-  
pe r a tu r e  (E=0) ,  and ~, fl ,  7, a, b are  posi t ive constants.  

(1) 
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