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Results  are  shown of an experiment  in which the thermal  conductivity of D20 vapor was mea-  
sured and the ~D20/XH20 ratio was determined at t empera tu res  up to 760~ under a p r e s su re  
of about 1 bar.  

This repor t  follows ea r l i e r  ones and concerns  the thermal  conductivity of D20 vapor.  

The f i rs t  tes ts  had been per formed under a tmospher ic  p res su re  by the hot-wire  method over  the 100- 
500~ tempera ture  range by N. B. Vargaftik and L. S. Zaitseva [1], then over  the 108-250~ tempera tu re  
range by C. E. Bekker and R. S. Brockaw [2]. The values in [1] and [2] differed by up to 3% for  XD2 O and 
up to 1% for XH2 O at the lower t empera tures .  

The thermal  conductivity of D20 vapor  was measured  by N. B. Vargaftik and O. N. Oleshchuk [3] by 
the hot-wire  method under p r e s s u r e s  f rom 1 to 250 bars  over  the 145-500~ tempera ture  range, and by 
B. LeNeidre [4] by the coaxia l -cyl inders  method under p r e s s u r e s  f rom 1 to 125 ba r s  over the 100-330~ 
tempera ture  range. All these authors measured  the thermal  conductivity of D20 vapor  and of  H20 vapor in 
the same apparatus.  It appears  f rom all these tes ts  that the XD20/7,H20 ratio for the vapors  is a function 
of the tempera ture .  

It was of interest  to study the thermal  conductivity of D20 at higher t empera tu res  and, especially,  
close to the range where the thermal  conductivity of H20 vapor  had already been determined. 
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F i g .  1. S c h e m a t i c d l a g r a m o f t h e t e s t  
apparatus:  1) manometer ;  2) vapor  
generator ;  3) boiler; 4) oven; 5) 
adapter; 6) quartz case; 7) tes t  tube; 
8) thermostat ;  9) weight of 4 g. 

The thermal  conductivity of D20 vapor  was measured  by 
the hot-wire  method in an apparatus shown in Fig. 1. This tube 
was placed inside a quartz  case 6. The res t  of the appara tus  
was made of glass.  The quartz  case was connected to the glass 
par t  through a special qua r t z - to -g l a s s  adapter tube 5. The 
quartz  case 6 and the test  tube 7 were both placed inside a t he r -  
mostat  8. The tes t  tube 7 was connected to a vapor  genera tor  
2. The vapor p r e s su re  was set according to the tempera ture  in 
boi ler  3. In order  to prevent vapor  condensation, the entire 
sys tem f rom boiler  to thermos ta t  was heated in an oven 4. 

The tube had an inside diameter  D i = 4.07 mm and an out- 
side diameter  D o = 5.67 mm, the diameter  of the platinum heater  
wire along the tube axis was dh = 0.157 mm, and the test  seg-  
ment was l = 160 mm long. The res is tance  t he rmomete r  on the 
outer surface of the test  tube was made of platinum wire d = 0.1 
mm in diameter .  This platinum wire was of high-puri ty grade 
P L - 1  mater ia l  with a res is tance  rat io R100/R 0 = 1.3923. 

The thermal  conductivity was determined according to the 
rel ation 

L -  Qln(Di/dn) ---- A Q 

2M 5/v At v 
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Fig. 2. The rm a l  conductivity 2~ of gaseous  argon as  a function of the t e m -  
p e r a t u r e  t: the dots r e p r e s e n t  our data, the curve  r e p r e s e n t s  data in [6]. 

Fig. 3. The rm a l  conductivity ~ of D20 vapo r  as a function of the t e m p e r a -  
ture :  1) our  data; 2) data f r o m  [3]; 3) data f r o m  [1]; 4) data f r o m  [2]; 5) 
data f rom [4]. 

with the ins t rument  constant  A depending on the appara tus  geomet ry  and on the opera t ing t e m p e r a t u r e ,  Q 
denoting the amount of heat  t r ansmi t t ed  f r o m  the wire  to the vapor  by conduction, and At denoting the t e m -  
pe ra tu re  drop a c r o s s  the vapor  l aye r  f r o m  wire  to wall. 

The calculat ions were  c o r r e c t e d  for  heat  radiat ion f r o m  the hea t e r  to the tube wall, for  heat  leakage 
through the hea t e r  ends, for  the t e m p e r a t u r e  drop a c r o s s  the tube wall, and for  a t e m p e r a t u r e  jump. 

In o r d e r  to account for  the effect  of a t e m p e r a t u r e  jump, the t e s t s  were  p e r f o r m e d  under va r ious  v a -  
por  p r e s s u r e s  about the 1 ba r  level (from 100 to 600 m m  Hg). The co r rec t ion  for  a t e m p e r a t u r e  jump did 
not exceed 3% under  the highest  p r e s s u r e .  There  was no heat convection,  inasmuch as Gr"  P r  < 1000 in all 
t e s t s .  

P r i o r  to measu r ing  the t he rm a l  conductivity of heavy water ,  we had m e a s u r e d  the a l ready  well known 
the rma l  conductivity of argon in the same  appara tus .  The r e su l t s  a re  shown in Fig. 2, along with the v a l -  
ues  r ecommended  in [6]; the deviation of our  va lues  f r o m  those r ecommended  ones a re  within the l imi t s  of 
m e a s u r e m e n t  e r r o r ,  i . e . ,  do not exceed 1.0-1.5%. 

The t e s t s  were  p e r f o r m e d  with D20 containing 99.8% deuter ium isotope.  

Our t es t  r e su l t s  per ta in ing  to the t h e r m a l  conductivity of D20 vapor  a re  shown in Table 1 and Fig. 3. 
In Fig. 3 a re  also shown data according  to other  authors .  Deviat ions f r o m  the averag ing  curve  do not ex-  
ceed • 

i t  s eemed  worthwhile, as  had been in e a r l i e r  s tudies,  to m e a s u r e  in the same  appara tus  a lso  the 
t h e r m a l  conductivity of normal  water  vapor .  This  would e l iminate  any sys t emat i c  e r r o r  and would y ie ld  

~o 

Fig. 4 Fig. 5 

Fig. 4. The rm a l  conductivity ~ of H20 vapo r  as  a hmction of the 
t empe ra tu r e :  1) r ecommended  va lues  [6]; 2) data f r o m  [7]; 3 )our  
data; 4) data f r o m  [4]. 

Fig. 5. Ratio ~D20/~H20 as a function of the t empe ra tu r e :  1) our 
data; 2) data f r o m  [1]; 3) data f r o m  [4]; 4) data f r o m  [2]; 5) data 
f r o m  [3]. 
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accura te  va lues  for  the ~D O/XH20 rat io .  Our t es t  data for  H20 vapor  a re  shown in Table 2 and Fig. 4. 
2 

The deviat ions of our  values  f rom those in ~H2 O t ab le s  [6] does not exceed 1%. On the same  d i ag ram a re  
also shown va lues  recent ly  obtained by o ther  authors .  They agree  with those for  ~,H20 in [6] within • 

In Fig. 5 a r e  shown values  of the ~tD20/~H20 rat io,  according  to our t e s t s  and those by o ther  authors  
under  a p r e s s u r e  of about 1 bar .  

It  is  c h a r a c t e r i s t i c  that,  although the va lues  of ~H2 O and ~D2 O accord ing  to va r ious  au thors  deviate 
by up to 2% f r o m  the r e spec t ive  averag ing  cu rves ,  the values  of the ~D20/XH2 O ra t io  accord ing  to all av a i l -  
able data agree  within 1%. This  is so, because  all the authors  m e a s u r e d  the t h e r m a l  conductivity of D20 
and H20 vapo r s  with exact ly  the s ame  appara tus  and thus e l imina ted  any sys t ema t i c  e r r o r s .  

P 
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twi 
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5tqu 
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q rad  
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x' 
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NOTATION 

ts  the p r e s s u r e ,  m m  Hg; 
ts the t h e r m a l  flux t r a n s m i t t e d  by the hot plat inum wire,  W; 
ts the wi re  t e m p e r a t u r e ,  ~ 
ts the wall t e m p e r a t u r e ,  ~ 
Ls the mean t e m p e r a t u r e ,  ~ 
~s the t e m p e r a t u r e  drop a c r o s s  the wall of the quar tz  tube, ~ 
ts  the c o r r e c t i o n  for  a t e m p e r a t u r e  jump, ~ 
ts  the t e m p e r a t u r e  di f ference a c r o s s  the vapo r  l ayer ,  ~ 
ts the amount  of heat  rad ia ted  f r o m  the hot wire ,  W; 
is the t h e r m a l  conductivity,  W/m"  ~ 
is the t h e r m a l  conductivity of vapo r  without cons ider ing  the heat  leakage through the tube ends, 
W/m" ~ 
is the correction for heat leakage through the tube ends, W/m" ~ 
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