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An interference method for  measurement  of thermal  diffusivity of t ransparent  media 
is descr ibed.  Values of the thermal  diffusivity coefficient for carbon dioxide in the 
near cr i t ical  region are  obtained. 

At the present  t ime there exists  a g r e a t  number of experimental  studies on the coefficient of thermal 
diffusivity of var ious  substances in the near cr i t ical  region.  But resu l t s  obtained by var ious  authors for 
one and the same substance are  quite cont radic tory .  This can be explained by the very  difficulty of con- 
ducting exper iments  in the near  cr i t ical  region.  Significant temperature  instability of the substance studied 
in the cr i t ical  state leads to rapid development of convection even with a low tempera ture  gradient, while 
the absence of c r i t e r i a  to determine the conditions for development of convection complicates  exclusion of 
convection effects f rom the measuremen t s .  It is thus necessa ry  to employ new methods for studies in the 
near cri t ical  region, which permit  reliable determination of the absence of convection in the layer  studied. 

The interference method employed in the present  study makes possible visual control of the volume 
studied over  the entire course  of the exper iment .  The commencement  of convection is determined f rom the 
fo rm of the interference bands.  The high sensitivity of the method permi t s  measurements  with very  low 
tempera ture  drops  between the heater  and the medium studied. 

Using the shift of a polar izat ion in te r fe rometer  based on a Tepler  IAB-451 shadow device [1, 2] 
measu remen t s  were made of the thermal  diffusivity of carbon dioxide in the near cr i t ical  region. The ex- 
per imental  technique proposed by Gustafsson [3] and employed ea r l i e r  by the present  authors [1, 2] was 
used. 

The essence  of the technique is that the substance to be studied, in which a planar heat source is 
situated, is located within a parallel  light beam between the col l imator  and detector port ions of the device. 
When the heater  is switched on a nonstat ionary t empera tu re  field is formed about it, this field being de- 
picted on the device screen  in the form of interference bands parallel  to the heater  and moving away f rom 
it on both sides.  If the band position is determined at var ious  moments  of time, the in te r fe rograms ob- 
tained (Fig. 1) may be used to calculate the coefficient of thermal diffusivity. The distances between three 
pa i rs  of bands symmetr ic  with respect  to the heater  are  measured  at var ious  moments  of time and a curve 
of the square of these dis tances ve r sus  time is const ructed (Fig. 2). Each pair  of bands fo rms  a straight 
line in this diagram, which becomes  curved when convection commences .  All the straight l ines intersect  
in one point, providing a t ime cor rec t ion  necessa ry  because of lack of synchronization between the expo- 
su res  and heater  switch-on t ime.  In the straight  line segment (2x) z = f(t) for a given moment of time the 
values x 1, x 2, x 3 are taken and substituted in the equation of [3]: 

erfc ( i ~ _ ~ - )  +er ,c  --2eAc ( ' ~ : ' ) = 0 ,  

where x 1, x 2, x 3 are  one half the distance between bands symmet r i c  with respee t  to the heater  (the indices 
denote the ordinal number of the band); t is time; and a is the coefficient of thermal  diffusivity, determined 

f rom this equation. 
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TABLE 1. Values of Coefficient of Thermal Diffusivity for Carbon 
.Dioxide 

f [ a.lO'L a,J0-', 
p, ba~ [ r, ,~ rn~/sec P, bar r, ~ m~/sec 

T=304,33 ~ 

21,02 304,39 
31,39 304,39 
40,50 304,40 
51,65 304,40 
63,60 304,40 
65,64 304,32 
70,09 304,32 
71,13 304,32 
72,04 304,33 
72,95 304,34 
73,29 304,34 
73,33 304,34 
73,i0 304,33 
73,54 304,33 
73,73 304,33 
73,76 304,33 
73,82 304,33 
73,85 304,33 
73,90 304,33 
73,94 304,33 
73,99 304,33 
73,99 304,33 
74,0t 304,33 
74,03 " 304,33 
74,04 304,33 
74,04 304,33 
74,16 304,33 
74,t8 304,33 
74,21 304,33 
74,22 304,33 
74,24 304,33 
74,49 304,33 
74,56 304,33 
74,86 304,33 
75,07 304,33 
75,39 304,33 
76,90 304,33 
78,41 304,34 
79,83 304,34 
83,27 304,34 
87,53 304,34 
88,96 304,36 
9t,90 304,35 
94,23 304,34 

100,00 304,34 

T=305,45~K 

32,04 305,39 
40,68 305,39 
49,99 305,40 
52,88 305,43 
57,62 305,44 
64,30 .305,46 
69,43 305,44 
71,59 305,43 
72,1I 305,43 
81,94 313,14 
83,24 313,14 
85,08 313,15 
86,46 313,I5 
89,4t 313,14 

4,518 
2,710 
t,815 
1,067 
0,508 
0,426 
0,249 
0,208 
0,165 
0,119 
0,108 
0,099 
0,086 
0,079 
0,067 
0,062 
0,054 
0,05t 
0,046 
0,038 
0,032 
0,028 
0,024 
0,017 
0,014 
0,013 
0,021 
0,022 
0,024 
0,025 
0,027 
0,037 
0,041 
0,049 
0,058 
0,067 
0,091 
0,120 
0,142 
0,183 
0,221 
0,238 
0,253 
0,269 
0,308 

73,I9 
73,82 
74,18 
74,78 
74,96 
75,14 
75,63 
75,44 
75,49 
75,54 
75,58 
75,64 
75,7l 
75,84 
75,96 
76,15 
76,30 
76,63 
77,12 
78,00 
78,88 
80,47 

P0,91 
30,24 
41,90 
52,79 
63,92 
7t,ti  
73,63 
76,58 
77,82 
78,65 
79,47 
79,96 
80,31 
80,59 
80,72 
80,86 
81,40 
83,17 
85,26 
91,51 

101,08 

305,44 
305,45 
305,45 
305,47 
305,45 
3O5,44 
305,45 
305,45 
305,45 
305,45 
305,45 
305,45 
305,4.5 
305,46 
305,45 
305,45 
305,45 
305,44 
305,45 
305,43 
305,44 
305,44 

T = 307,87 ~ 

307,76 
307,76 
307,77 
307,91 
307,91 
307,91 
307,87 
307,86 
307,84 
307,85 
307,86 
307,87 
307,87 
307,87 
307,87 
307,87 
307,87 
307,87 
307,87 
307,88 
307,88 

2,675 22,45 
i,852 31,65 
1,204 40,61 
1,046 49,36 
0,804 62,18 
0,513 7t,12 
0,319 73,33 
0,238 76,61 
0,217 78,58 
0,250 91,28 
0,218 93,65 
0,167 97,02 
0,138 99,64 
0,101 103,5I 

T=313,15 ~ 

3t3,18 
313,18 
313,i8 
313,18 
313,17 
313,17 
313,I6 
313, I5 
313,13 
313,15 
313,16 
313,14 
3t3,14 
313,18 

0,138 
0,120 
0,083. 
0,070 
0,061 
0,040 
0,031 
0,026 
0,020 
0,019 
0,021 
0,025 
0,030 
0,035 
0,041 
0,047 
0,052 
O, 064 
0,082 
0,104 
0,131 

4,718 
2,992 
1,850 
1,162 
0,658 
0,403 
0,3t2 
0,199 
0,148 
0,135 
O, t07 
0,084 
0,06I 
0,044 
0,042 
0,048 
0,064 
0,102 
0, t27 
0,189 
0,256 

4,528 
3,004 
2,102 
1,503 
0,897 
0,565 
0,498 
0,406 
0,348 
O, 087 
0,092 
0,117 
0,145 
O, 183 

The e x p e r i m e n t a l  appa ra tus ,  as ide  f r o m  the i n t e r f e r o m e t e r ,  c o n s i s t s  of a m e a s u r e m e n t  celt ,  
p r e c i s i o n  t h e r m o s t a t ,  t h e r m o c o m p r e s s o r ,  gas  p u r i f i c a t i o n  sys tem,  and dev ices  for  m e a s u r e m e n t  of 
t e m p e r a t u r e  and p r e s s u r e .  The m e a s u r e m e n t  cel l  is a b r a s s  cy l i nde r  with r e c t a n g u l a r  inner  cavi ty  
through the c e n t e r  of which t he r e  ex tends  a thin m e t a l l i c  foil which s e r v e s  as a h e a t e r .  Foi l  t h i cknes s  
is  0.01 mm,  width 4 ram, length  160 ram.  The height  of the l a y e r  s tudied  is 5 r am.  The m e a s u r e m e n t  
cel l  is  l oca ted  wi thin  a b r a s s  c y l i n d e r  whose end faces  a r e  f o r m e d  of p i a n o - p a r a l l e l  opt ica l  g l a s s .  

To m a i n t a i n  the r e q u i r e d  t e m p e r a t u r e  a p r e c i s i o n  m u l t i l a y e r  t h e r m o s t a t  was cons t ruc ted ,  as 
d e s c r i b e d  in [4]. Th i s  t h e r m o s t a t  p e r m i t s  m a i n t e n a n c e  of a cons t an t  t e m p e r a t u r e  to an a c c u r a c y  of 
~=0.0005 ~ In o r d e r  to r educe  the in f luence  of the hyd r os t a t i c  effect  the tubes  supply ing  gas  to the 
m e a s u r e m e n t  cel l  a re  i n s t a l l ed  ho r i zon t a l l y  within the r ange  of the t h e r m o s t a t .  
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The carbon dioxide supplied to the cell was dried and purified by the method 
descr ibed in [5], which ensures  a CO 2 content no less  than 99.9%. Before final 
filling the entire sys tem is washed several  t imes with the gas to be studied. 

The tempera ture  of the gas was measured  with a res i s tance  the rmomete r  
made of type P L - 1  chemical ly  pure platinum, 0.1 mm in diameter .  

P r e s s u r e  was measured  by a loaded piston manometer ,  type MP-600, accu- 
racy  c lass  0.05. All necess~iry cor rec t ions  were made to the manometer  reading. 

The tempera tu re  field changes were recorded  by a "Konvas" (KSR-1) motion 
picture apparatus,  at a rate of three f r a m e s / s e c .  

Using this apparatus, control measuremen t s  were made of the thermal diffu- 
sivity of n-heptane, toluol, benzol [1], and carbon dioxide [2] far  f rom the cr i t ical  
point. Compar ison of the experimental  data with that obtained f rom known X, p, Cp 
taken f rom [6, 7] showed good agreement .  

Thermal  diffusivity of CO 2 in the near cr i t ical  region was studied at i so therms 
of 304.33, 305.45, 307.87, 313.15, a n d 3 2 3 . 1 5 ~  of ~20 to ~125 
bar .  On the 304.33~ isotherm between 74.04 and 74.16 bar we did not succeed 
in determining the diffusivity because of convection, which developed pract ical ly  
instantaneously after  heater  switch-on.  This is evidently due to the large height of 
the layer  (5 mm).  The value of AT in the minimum region did not exceed 0.03 ~ 
Upon approach to the cr i t ical  point each experimental  point was measured  twice 

Fig. 1. In te r fe ro-  with different AT (temperature differences in the rat io 1.00:1.25). No significant 
g r ams  of t ime v a r i -  d iscrepancies  in thermal diffusivity coefficients were observed.  

ation of tempera ture  The experimental  result  s presented in Table 1 reveal  that the thermal  diffusivity 
field: a) t=0  sec; b) d r o p s s h a r p l y u p o n a p p r o a e h t o t h e c r i t i c a l p o i n t .  Themin imumdi f fu s iv i t y in the reg ion  
0.3 sec; c) 0.6; d) studied occurs  on the 304.33~ isotherm.  With removal  f rom the cr i t ical  point in the di- 
1.2; e) 1.8; f) 3 sec.  rect ion of higher isotherms,  the depth of the minima decreases ,  andthe minimum points 
are displaced in the direction of higher p r e s s u r e s .  Also, the decrease  inthe diffusivityvalue to the left of the min- 
imum po int is sha rper  than the increase  to the right.  On the 313.15 and 323.15~ isotherms this a s symet ry  is less  

noticeable.  

Figure 3 shows thermal  diffusivity i so therms as a function of debility. There  exist several  experi-  
mental studies of CO 2 density in the near cr i t ical  region.  The most  detailed measurements  were made in 
the Van der Waals l abora tory  by Michels et al. [8, 9]. These data were also used to construct  the diffu- 
sivity curves  in coordinates  a - p .  As is evident f rom the curves,  the diffusivity minima on the isotherms 
studied do not coincide with the cr i t ical  isochore, but are displaced in the direction of lower specific 
volume, with the amount of displacement increas ing with removal  f rom Tcr  toward higher t empera tures .  
The thermal  d[ffusivity values obtained on the cr i t ical  isochore are described by the function 

a = (19,3 • 0.5). 10 -J~ ( T - -  Tcr) ~176 m 2/sec. (2) 

Swinney and Cummins [10] measured  the coefficient of thermal  diffusivity of carbon dioxide at the 
cr i t ical  isochore in the t empera tu re  range 0.02 ~ -< ( T - - T c r  ) -< 5.3 ~ and obtained the function 

a =: (18,1 : : 0,5). 10-1~ (T - -  Tcr)~ ~ rn2/sec. (3) 

It was also repor ted  in [10] that Osmundsen and White measured  the width of the Rayleigh line for 
CO 2 and obtained an exponent for  Eq. (2) of 2/3, while Zeigel and Wilcox found the exponent to be 0.70 • 

It is known that not only the coefficient of thermal  diffusivity, but cer tain other thermophysical  
p a r a m e t e r s  in the cr i t ical  region are descr ibed by simple power express ions .  Thus, for example, along 
the cr i t ical  isochore the isothermal  compress ib i l i ty  K T for T > T c r  is descr ibed by the function K T ~ 
[ ( T - T c r ) / T c r ) ]  - Y -  e-Y. The i sochor ic  heat capacity Cv is descr ibed by the function C v ~ e-~. Above the 
cr i t ical  tempera ture  on the cr i t ical  isochore Cp var ies  in the same fashion as the isothermal compress ib i l -  
ity, i . e . ,  Cp ~ e-7.  Comparing data on X and Cv, Sengers a r r ived  at the conclusion that in the f i rs t  ap- 
proximation, on the cr i t ical  isochore X var ies  as does the isoehoric heat capacity.  The coefficient of 

thermal  diffusivity then va r ies  as ~7-r 
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Fig.  3 
Fig.  2. Interband distance v e r s u s  time: 1) (2xi) 2 =f(t);  2) (2x2) 2 =f(t);  3) (2x3) 2 =f( t ) .  x, 
ram; t, see. 

Fig. 3. The rma l  diffusivity i so the rms  of CO 2 in the nea r  c r i t ica l  region: 1) T = 304.33~ 
2) 305.45; 3) 307.87; 4) 313.15; 5) 323.15"K. a,  m2/sec ;  p, k g / m  3. 

Sengers  and Keyes  [11], by p rocess ing  exper imenta l  data for  CO 2, a r r i ved  at a v a h e  ~ = 0.60 
:~0.05, while theore t ica l  cons idera t ions  give 0.59 ~0.10 [12]. For  water,  Sirota et al .  obtained ~b = 0.58 
[121. Green  et al.  [131 analyzed exper imenta l  data on eompres s ib i l i t y  for var ious  gases  and concluded 
that 7 = 1.4. He t le r  [14] found 7 = 1.35 :~0.15 on the ba s i s  of a s e r i e s  of expe r imen t s  with CO 2. F r o m  the 
data of these  authors  0.75 -<- 7 - - ~  ~ 0.82, which ag ree s  with sufficient accu racy  with the exponent obtained 
here  of 0.77. 

Thus, the results of the present measurements confirm that in carbon dioxide in the near critical 
region there is a significant increase in thermal conductivity. 
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