
23. M. Kh. Ka rape t ' yan t s ,  Methods of Comparati,r Calculat ion of Phys i cochemica l  P r o p e r t i e s  [in Russ ian] ,  
Nauka, Moscow (1965). 

24. L . D .  Landau and E. M. Lifshi ts ,  Sta t is t ical  Phys i c s ,  2rid ed.,  Addison-Wesley (1969). 
25. I. Z. F i s h e r ,  Sta t is t ical  P hys i c s  of Liquids [in Russ ian] ,  Moscow (1961). 
26. A. P a s t e r n a k ,  Mater .  Sci. Eng. ,  3, 65 (1968). 
27. Yu. P. Os'minin, lazh.-Fiz. Zh., 8, 485 (1965). 
28. A.N. So[ov'ev, in: Investigation of Thermophysica[ Properties of Materials [in Russian], Nauka, Novo- 

sibirsk (1967). 
29. I~. ]~. Shpil'rain and K. Ya. Yakimovich, in: Thermophysical Characteristics of Materials [in Russian], 

1st ed., Izd. Standartov, Moscow (1968). 
30. Yu. P. Krasnyi  and V. P. Onishchenko. Ukrainsk.  Fiz.  Zh., 1__77, 1704 (1972). 
31. N . B .  Vargaf t ik ,  Handbook of The rm ophys i ca l  P r o p e r t i e s  of Gases  and Liquids [in Russian] ,  Nauka, 

Moscow (1973). 

T H E R M A L  C O N D U C T I V I T Y  OF G A S E O U S  N E O N  

K R Y P T O N  A T  R E D U C E D  T E M P E R A T U R E S  A N D  

A T M O S P H E R I C  P R E S S U R E  

N. A.  N e s t e r o v  a n d  V. M. S u d n i k  

A N D  

UDC 533.27:536.22 

The r e su l t s  of an expe r imen ta l  and theore t ica l  invest igat ion of the t he rma l  conductivity of neon 
and krypton at  reduced t empe ra tu r e  and a tmosphe r i c  p r e s s u r e  a re  presented  and d iscussed .  

The t h e r m a l  conductivi t ies  (~) of krypton [1, 2, 15] and neon [1, 3-5,  15] have been invest igated fair ly  
comple te ly  at t e m p e r a t u r e s  of 273~ and below and an a tmospher i c  p r e s s u r e ,  and p r e l im ina ry  values of the 
t he rma l  conductivity of neon measured  as  a function of the t e m p e r a t u r e  and p r e s s u r e  have been given in [6]. 
In view of the fact  that  exist ing methods of calculat ing the the rma l  conductivity do not desc r ibe  the e x p e r i -  
menta l  data sufficiently accura te ly  over  a wide t e m p e r a t u r e  range,  the la t te r  a re  of pa r t i cu l a r  value both for  
the fu r the r  development  of molecu la r -k ine t i c  theory  and for  use in calculat ions of hea t -exchange  appara tus  
and h e a t - t r a n s f e r  p r o c e s s e s .  

In this pape r  we p re sen t  the r e su l t s  of expe r imen ta l  invest igat ions of the t he rma l  conductivi t ies  of neon 
and krypton at  a tmospher i c  p r e s s u r e  i n  the t e m p e r a t u r e  range of 90-273~ and 120-273~ respec t ive ly .  The 
invest igat ions were  made using expe r imen ta l  equipment  based on the use of the absolute hea ted - f i l amen t  method 
desc r ibed  in [7]. 

F o r  the invest igat ion we used neon of high puri ty containing up to 0.11% of impur i ty ,  of which 0.1% was 
he l ium,  and pure  krypton with a krypton content of 99.97~. 

F igure  1 c o m p a r e s  the exper imen ta l  va lues  obtained for  the t he rma l  conductivi t ies of neon and krypton 
as a function of t e m p e r a t u r e s  with exist ing expe r imen ta l  and theore t ica l  values  calculated using the Lennard-  
Jones  [8-10], Morse  [11], and exp-6  [9-12] potentials .  

Our exper imen ta l  data on neon a re  in good a g r e e m e n t  with the resu l t s  obtained by other  authors  and with 
the p r e l i m i n a r y  values of the t h e r m a l  conductivity given in [6], which indicates that they a r e  re l iable  and in-  
dependent of the p r e s s u r e  in the l imits  f rom 0.7 a tm to 1 arm. 

Calculat ion shows that fo r  neon the values  calculated fo r  the Lennard-Jones  potential  with in te rmolecu la r  
in teract ion p a r a m e t e r s  e / k  = 35.7~ a = 2.789 ,~ [8]; e / k  = 43~ a = 2.73 A [9]; e / k  = 45.58~ ~ = 2.707,~ 
ag ree  bes t  of al l  w~h the expe r imen ta l  da t a .  The max imum d i s a g r e e m e n t  between the data is 0.8, 1.5, and 
1.6%, respec t ive ly .  
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Fig.  1. T h e r m a l  conduct iv i ty  of: a) ga seous  neon; b) gaseous  krypton ,  as  a funct ion of t e m p e r a t u r e  
at  a t m o s p h e r i c  p r e s s u r e s .  F o r  a) the expe r imen t a l  data  a r e :  1) [1]; 2) [6}; 3) ou r  m e a s u r e m e n t s .  
The t heo re t i c a l  data obtained using po ten t ia l s :  1) L e n n a r d - J o n e s  [8]; 2) L e n n a r d - J o n e s  [9]; 3) L e a -  
n a r d - J o n e s  [10];4,  5) Morse  [11]; 6) exp-6  [12]. F o r  b) the expe r imen t a l  da ta  a r e :  1) [1]; 2) [2]; 3) 
our  m e a s u r e m e n t s .  The t heo re t i ca l  da ta  obtained using po ten t ia l s :  1) L e n n a r d - J o n e s  [8]; 2) L e n -  
n a r d - J o n e s  [9]; 3 ) L e n n a r d - J o n e s  [10]; 4) exp -6  [12]; 5) exp-6  [9]. 

F ig .  2. D i f f e rences  between the e x p e r i m e n t a l  va lues  of the t h e r m a l  conduct iv i ty  of neon (a) and the 
va lues  ca lcula ted  f r o m  Eq. (1) (1 - e xpe r imen t a l  data [1]; 2 - [6]; 3 - our  m e a s u r e m e n t s ;  4 - [5]; 
5 - [3, 4]; 6 - [15]) and krypton  (b) ca lcu la ted  us ing Eq. (2) (1 - e x p e r i m e n t a l  data [1]; 2 - [2]; 3 - 
our  m e a s u r e m e n t s ;  4 - [15]). 5 X / X ,  %; T,  ~ 

The e x p e r i m e n t a l  data [1, 2] fo r  k ryp ton  a g r e e  fa i r ly  wel l  with our r e su l t s .  The bes t  a g r e e m e n t  with e x -  
p e r i m e n t  is obtained fo r  va lues  ca lcu la ted  using the L e n n a r d - J o n e s  potent ia l  ( e / k  = 193~ a = 3.61 A) [1] and 
the exp-6  potent ia l  ( e / k  = 158.3~ a = 4.056 A) [9]. The m a x i m u m  d i s a g r e e m e n t  between the expe r ime n t a l  and 
t heo re t i c a l  data o c c u r s  in the t e m p e r a t u r e  range c lose  to the s a tu ra t i on  line; f o r  the L e n n a r d - J o n e s  potent ia l  
it is 8.1%, and fo r  the exp-6  potent ia l  it is 7.6%. 

When p r o c e s s i n g  the r e su l t s  of the m e a s u r e m e n t s  we took into accoun t  the c o r r e c t i o n  for  heat  loss  f r o m  
the ends  of the h e a t e r  and radia t ion ,  the sum of which fo r  neon did not exceed  2% and for  k ryp ton  3.1% of the 
amount  of hea t  d i ss ipa ted .  The m a x i m u m  va lues  of the c o r r e c t i o n  fo r  the drop in t e m p e r a t u r e  on the wal ls  of 
the g l a s s  tube of the m e a s u r i n g  cel l  of neon and k ryp ton  a r e  0.74 and 0.16%, r e spec t i ve ly ,  of the m e a s u r e d  
t e m p e r a t u r e  drop .  The  r ema in ing  c o r r e c t i o n s  which af fec t  the t rue  Value of the t h e r m a l  conduct ivi ty  w e r e  
ignored  due to the i r  s m a l l n e s s .  The e r r o r  in the data obtained was  +1.2~ F o r  a conf idence  coef f ic ien t  of 0.95 
the m e a s u r e m e n t  e r r o r  was  +0.5%. 

On the basis of the experimental data obtained and existing experimental data on the thermal conduetivities 
of gaseous neon at T = 90-273~ and krypton (T = 120-273~ and atmospheric pressure, using the method of 
[east squares, we obtained the equations 

",'~ = a -~ bT + cT  2 -? dT  3 [W/m-deg ] , (1) 
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T A B L E  1. C o m p a r i s o n  of the Values  of the T h e r m a l  Conduct iv i ty  of 
Ga se ous  Neon and Kryp ton  Obtained Using Eqs .  (1) and (2) with the 
Values  R e c o m m e n d e d  in [13, 14] 

' ~. I ca Krypton Neon 

T, K ~ . 1 0  s Z ' I O  s 
i ~.10 s our work [Ia1 a our work [131 a 

90 
16O 
110 
120 
t30 
140 
150 
160 
170 
180 
190 
2O0 
210 
220 
230 
240 
250 
26O 
270 
273,15 

90 
125 
175 
225 
273 

4,15 
4,45 
4,76 
5,06 
5,36 
5,66 
5,97 
6,27 
6,57 
6,87 
7,18 
7,48 
7,78 
8,09 
8,39 
8,69 
8,79 

4,30 
5,81 
7,33 
8,78 

4~5 
4,37 
4,69 
5,01 
5,33 
5,62 
5,93 
6,23 
6,53 
6,83 
7,13 
7;42 
7,72 
8,01 

q 

+2,41 
--1,80 
+1,47 
q.t,O0 
+0,56 
• 
q.O, 67 
-{-{-0,64 
.{.0,61 
+0,58 
q-0,70 
,-+-0,80 
q,O, 77 
+1,oo 

20,41 
22, 24 
23,99 
25,67 
27,30 
28,86 
30,38 
31,84 
33,25 
34,62 
35, 95 
37,25 
38, 52 
39, 76 
40,97 
42,17 
43,35. 

20,4 
22,2 
23,9 
25,6 
27, 2 
28, 8 
30,3 
31,8 
33,3 
34,7 
36,1. 
37,5 
38,8 
40,1 
41,4 
42,6 
43,8 

q,0,% 
+0,18 
+0, 38 
q,0,27 
-{-{-0,37 
-~-0,21 
+0,26 
.{.0,13 
--0,15 
--0, 23 
--0,42 
--0.67 
--0,73 
--0, 86 
--1,05 
--1,02 
--1,04 

8,29 
8,57 
8,66 
[14] 

4,20 
5,85 
7,20 
8,~ 

+I,19 
,{,1,38 
,{,1,48 

+~,33 
--O, 69 
+1,77 
--0,80 

44,52 
45, 69 
46, 05 

20,41 
26,49 
33,94 
40,37 
46,03 

44,9 
46,1 
46,4 
[141 
~,5  
26.8 
33,6 
39,9 
45,8 

--0,85 
--0, 90 
--0,76 

--0,44 
--1,17 
+ 1,00 
+ 1,16 
+0, 50 

Note. X, W/m.deg; A= ( Xour.work-Xrec)/kour.work, %. 

w h e r e  a = 0.216- 10-3; b = 0 .2682 .10-3 ;  c = - 0 . 5 4 5 1  �9 10-6; d = 0.65 �9 10 -9, 

~ = a + b T  [W/m-deg ], (2} 

w h e r e  a = 0.5175 �9 10-3; b = 0.3027 �9 10 "4. 

The d i f f e r enc e s  be tween  the e x p e r i m e n t a l  data  and the t heo re t i c a l  data  ca lcu la ted  f r o m  Eq. (1) fo r  neon 
and that  fo r  k ryp ton  ca lcu la ted  f r o m  Eq. (2) a r e  shown in Fig. 2. They  do not exceed  1.1% fo r  neon and 1.4% 
f o r  k ryp ton .  

The  va lues  of the t h e r m a l  conduct iv i ty  of neon and k ryp ton  given in the table obtained f r o m  Eqs.  0-) and 
(2), the e r r o r  of which  is e s t i m a t e d  to be 1.4% fo r  k ryp ton  and 1.1% fo r  neon, a re  c o m p a r a b l e  with the r e c o m -  
mended  va lues  [13, 14]. 

Since in our  t ime fou r  e x p e r i m e n t a l  va lues  of the t h e r m a l  conduct iv i ty  of k ryp ton  at a t m o s p h e r i c  p r e s -  
su re  have been  published (at t e m p e r a t u r e s  of 194.65, 273.15~ [1], and 171.35 and 273.15~ [2]), an a p p r o x i -  
ma t ion  fo r  the smooth ing  of the data  [1, 2] in the reg ion  c lose  to the sa tu ra t ion  line below 171.35~ is ha rd ly  
l eg i t ima te ,  a s  is con f i rmed  by the d i f f e r ences  be tween  the data  obtained at t e m p e r a t u r e s  below 150~ (up to 
2.5% [13, 14]) and the va lues  obtained using Eq. (2). 

Our  da ta  f o r  neon a r e  in good a g r e e m e n t  with the r e c o m m e n d e d  va lues  [13, 14] and, in our  opinion, a re  
to be p r e f e r r e d  in view of the fac t  that  they w e r e  obtained on the b a s i s  of a g r e a t e r  volume of e x p e r i m e n t a l  
data.  
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EFFECTIVE THANSVERSE CONDUCTIVITY OF 

MATERIALS WITH THROUGH CRACKS IN THE 

R.  L.  Salganik  

LAYERED 

LAYERS 

UDC 536.21:620.191.33 

The p rob lem of the t r a n s v e r s e  conductivity of a mul t i layered  packet  when loaded in the same 
plane as the l aye r s ,  which a re  mechanica l ly  independent, in the p resence  of or  on the g e n e r a -  
tion of a number  of through c r acks  in the l ayers  under load is analyzed.  

1. Fo r  the sake of brevi ty  we s h a h  r e f e r  in this and the subsequent  sec t ions  to t he rma l  conductivity,  
but diffusion taking into account the influence of changes in concentra t ion on changes in volume can be t reated 
analogously.  

1.1. Let us cons ider  a packet  of l aye r s ,  pa ra l l e l  with the xy plane, containing a number  of through c racks  
(see Fig. 1). The conductivity of unloaded l aye r s  with c racks  will be t rea ted  as negligible compared  with the 
conductivity of the medium in the exposed c racks  and of the medium between the layers ;  the mean res i s t ance  
of the medium between the l ayers  will be neglected.  The loading of the l ayers  is de termined by the conditions at  
the per iphery  of the packet.  When the c r acks  a re  exposed by the action of extension,  the layer  acquires  a finite 
effect ive conductivity and under ce r ta in  conditions leakage may occur  through the packet ,  i .e. ,  it loses its in-: 
sulating p rope r t i e s .  A s i m i l a r  si tuation a r i s e s  in many cases  of p rac t i ca l  importance .  The p rob lem of the 
loss of insulating p rope r t i e s  in a mul t i layered  packet  is examined theore t ica l ly  below. 

The effect ive conductivity of the packet  perpendicu la r  to the l ayers  at a ce r t a in  point z under the condi-  
t ions indicated is equal to 

)~ = ~, ~ S  (~. (1) 
Q 

Here  S (el) is the area  of the exposed a c r a c k  (a jump in the no rma l  component  of d i sp lacement  integrated along 
the length of the crack)  and h' is the coefficient  of t he rma l  conductivity of the medium in the c racks .  Assuming 
that the l ayers  with c racks  are  under plane s t r e s s ed  state conditions, we have (for der ivat ion see [1, 2]) 

1 ' ~  (n,S(~) 4- nhS[a)). (2) 
r 

Here  elk is the effective s t ra in  tensor  of the l ayer ,  ~ k  is the mean s t ra in  t ensor  of the ma t e r i a l  outside the 
c r a c k  (the s t ra ins  a re  assumed to be slight), n i is the vec tor  of the unit line normal  to the c r a c k  (the c racks  
a re  assumed  to be rec t i l inear ) ,  and S: (a) is the f -component  of the d i sp lacement  jump integrated along the 
length of the c rack .  Since n is [a)  = S(~) ( recur ren t  index summing) ,  it follows f rom (1) and (2) that 

2. -: ,V (~i~- e o). (3) 
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