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An apparatus using the ultrasonic in te r fe rometer  principle is used to measure  the speed 
of sound in Dowtherm vapor over  the t empera tu re  range 230-360~ and p r e s s u r e  range 
0.2-6.2 bar.  

It is convenient to investigate the thermodynamic proper t ies  of important  hea t - t r ans fe r  agents such as 
Dowtherm by studying the speed of sound in the mater ia l .  However at the present  t ime the l i tera ture  offers no 
data on the speed of sound in Dowtherm vapor. Moreover ,  such data are  important  for per forming gasdynamic 
calculations and calculating thermodynamic  pa ramete r s  such as the adiabatic index, heat-capaci ty  ratio Cp/Cv, 
second vir ial  coefficient in the equation of state, etc. 

The present  study measures  the speed of sound in Dowtherm vapor,  a diphenyl mixture consisting of 
28.20% diphenyl and 71.67% diphenyl ether,  over the tempera ture  range 230-360~ and the p r e s s u r e  range 0.2- 
6.2 bar.  The upper limits of these ranges were determined by the decomposit ion tempera ture  and saturat ion 
p r e s s u r e  of Dowtherm vapor.  

An apparatus was constructed for the study using the u l t r a son ic - in t e r f e romete rp r inc ip l e .  This approach 
was chosen because the most  rel iable data available on speed of sound in gases has, as a rule, been obtained 
with the ul trasonic in te r fe rometer .  The oscil lation source  is a movable quartz plate 1 (Fig. 1) 50 mm in 
diameter  and 9.4 mm thick with a natural frequency of 300 kHz. An identical plate 2 is used as the receiver .  
Measurements  were per formed during the process  of plane-paral le l  displacement  of one plate relative to the 
other. The number of haIf-waves included between the plates was varied.  The device indications were 
recorded at the moment of resonance when the r ece ive r  was located at an antinode, corresponding to a maxi-  
mum in the in terference picture on the osci l loscope screen.  

The quartz pieces with channels along their  center  lines a re  mounted in holders 3. As was shown in [1], 
plate mounting at points lying in the symmet ry  plane is optimal, permit t ing oscil lation at the natural  frequency 
with a minimum of noise. Due to the free suspension type mounting the in te r fe rometer  sensit ivity was increased 
significantly. The faces of the quartz plates were polished and coated with an 0.5-p layer  of s i lver  by vacuum 
deposition. The cur ren t  leads 4 are  light platinum springs in contact with the lower surface of the generator  
and the upper surface  of the rece iver .  

The operat ing parts  of the in te r fe rometer  are  enclosed in chamber  5, made of 1Khl8N9T stainless steel. 
The chamber  bottom 6 was sealed by the knife edge-channel  method with a 0 .5-ram-thick  aluminum seal. 
Leads were sealed in the lower par t  of hollow rod 7 by seals of silicone nonoxidizing vacuum rubber.  

The quartz genera tor  was mounted in a clamp attached to movable rod 7. The rod was sealed by bellows 
8, permit t ing rotational and t ranslat ional  motion of the quartz.  Discharge chamber  9 to which inert  gas is 
supplied protects  the bellows f rom the p r e s s u r e  difference between the inside and outside of the operating 
chamber .  The p res su re  difference between operating and discharge  chambers  is about 1 bar,  while the p re s -  
sure  under the bellows is always higher, eliminating backlash in the displacement system.  

Displacement of the quartz plate is measured by the ver t ica l - length  meter ,  type IZV-2, whose indicator 
bar  is rigidly connected to the in te r fe rometer  rod 7. 

The in te r fe romete r  body is pIaced within copper vesse l  10, on which a two section n ichrome heater  is 
attached. The cur ren t  to each heater  section is controlled by type VRT-2 h igh -cu r ren t t empera tu re  regulators, .  
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Fig. 1. Ultrasonic in te r fe rometer :  1, 2) quartz;  3) c lamps;  4) 
cur rent  leads; 5) operating chamber ;  6) chamber  bottom; 7) hol- 
low rod; 8) bellows; 9) d ischarge chamber ;  10) copper vesse l ;  11) 
res i s tance  thermometer .  

which ensures  a maximum tempera ture  change over the operat ing section of the in te r fe rometer  of not more  
than 0.1~ The tempera ture  is measured by a platinum res i s tance  t he rmomete r  11 and a class 0.002 type 
R-348 potentiometer.  The thermometer  is attached to the mounting point of the lower quartz plate, allowing 
monitoring of t empera tu re  field uniformity during experiment.  

Up to 2 bar,  the p re s su re  in the chamber  is measured by a U-shaped mercu ry  manometer ,  while above 
2 bar a r e fe rence  manometer  with limit of 6 kgf/cm 2 and individual calibration. The relat ively weak depen- 
dence of the speed of sound on p r e s s u r e  allowed relaxation of the accuracy  required in measur ing this pa r am-  
eter.  As is well known, Dowtherm is a eutectic azeotropic mixture,  for which the t empera tu re  dependence of 
saturat ion p, essure  is expressed,  as for a pure substance,  by a single-valued function Ps = f(Ts). 

The mater ia l  to be studied is poured into a 1Khl8N9T s ta in less -s tee l  ampul provided with an electr ic  
heater  which permits  continuous change of tempera ture ,  and, thus, p r e s su re  in the in te r fe rometer  chamber.  
All connecting leads are  provided with heaters  to eliminate condensation of the material .  

Before performing the main experiments the apparatus was checked with gases for which the speed of 
sound is well known, namely, argon, nitrogen, and xenon. The maximum deviation of measured values f rom 
data in the l i te ra ture  over  the t empera tu re  and p r e s s u r e  ranges studied was 0.1%, which is produced mainly by 
diffraction phenomena. An est imate of the effect of diffraction, using the recommendat ions of [1, 2] for the 
given wavelengths, sensor  d iameters ,  and inters ensor distances,  gives a diffraction cor rec t ion  not exceeding 

0.1%. 

The speed of sound is determined from the formula 
a = ~f, 

where a is the speed of sound, m/sec;  f, frequency of quartz plate osci l lat ions,  kHz; X, length of sound wave, 
mm. The wavelength 2~ is found by measur ing  the distance between the quartz plates corresponding to decades 
of half-wavelengths.  This allowed measurement  of X to a high degree of accuracy.  The distance between the 
quartz plates was measured  by the IZV-2 ver t ica l - length  meter  to an accuracy  of 1 #. The frequency of the 
quartz  generator  plate was set by a GZ-49 prec is ion  generator  to an accuracy  of + 1 Hz. 
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TABLE 1. Speed of Sound in  D o w t h e r m V a p o r  

P, bar a, mlsec P, bar a, mfsec 

232 ~ 
0,25 
0,29 
0.44 
0,47 
0,54 
0,60 

O, 30 
O, 39 
0,52 
O, 59 
0,96 
1 ,03  

0,24 
0,55 
0,84 
0,87 
0,96 
1,18 
1 , 2 7  
1 , 6 2  

260 ~ 
] 

283 :C 

160,49 
160,35 
t58.74 
158,58 
157,97 
157,2l 

164,43 
163,56 
162,88 
162,21 
159,23 
I~8,70 

168,00 
166,53 
164,48 
164,23 
163,83 
162,I0 
161,87 
159.18 

310 ~ 
0,3i 
0,62 
0,94 
1,79 
1 ,95  
2,63 
2,71 

335 :C 
0,57 
1,06 
1,67 
2,33 
3,17 
4,0l 
4,04 

360 ~C 
0,40 
t,63 
2,1! 
3,53 
4,41 
5,26 
5,50 
6,19 

172,36 
170,57 
169,05 
164,34 
163,49 
159,09 
158,72 

174,38 
172,57 
169,59 
166,77 
162,27 
157,47 
i56,70 

178,02 
173,94 
172.45 
166,49 
162,39 
158.14 
156,97 
152,50 
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Fig. 2. E x p e r i m e n t a l  data on speed of sound in 
Dowthe rm vapor .  

The IZV-2  length m e t e r  was read  when a m a x i m u m  appea red  in  the i n t e r f e r e n c e  p a t t e r n  on the o s c i l l o -  
scope  s c r e e n .  E x p e r i m e n t s  showed that  the u n c e r t a i n t y  in d e t e r m i n a t i o n  of the pos i t i on  of the s t and ing  wave 
an t inode  did not exceed ~= 3 p. In m e a s u r i n g  d i s t a nc e s  of 9-12 m m ,  c o r r e s p o n d i n g  to a p p r o x i m a t e l y  20 wave-  
lengths  o r 4 0  h a l f - w a v e l e n g t h s ,  th i s  u n c e r t a i n t y  p roduced  a c o n t r i b u t i o n  to to ta l  u n c e r t a i n t y  of a p p r o x i m a t e l y  
0.03%. M i n i m u m  d i s t a n c e  be tween  p la tes  was 60 mm.  The qua r t z  p la tes  were  a l igned  with a type AK-0 .25  a u t o -  
c o l l i m a t o r  with a r e s o l v i n g  power  of 2". This  a l lowed v e r y  a c c u r a t e  pos i t ion ing ,  as was c o n f i r m e d  by the 
a b s e n c e  of s a t e l l i t e s  in the i n t e r f e r e n c e  pa t t e rn .  As was noted above,  m e a s u r e m e n t s  were  p e r f o r m e d  at a 
f r equency  of 300 kHz. Ca lcu l a t i ons  and con t ro l  e x p e r i m e n t s  p e r f o r m e d  at 500 kHz showed that  at 300 kHz d i s -  

p e r s i o n  was absen t .  

The m a x i m u m  r e l a t i v e  e r r o r  of the e x p e r i m e n t a l  data on speed of sound in  Dowthe rm vapor  with con -  
s i d e r a t i o n  of d i f f rac t ion  c o r r e c t i o n s  and e r r o r s  in s ta te  p a r a m e t e r  data  c o m p r i s e s  0.2%. 

Se r i e s  of m e a s u r e m e n t s  were  p e r f o r m e d  a long i s o t h e r m s .  The i s o t h e r m s  232, 260, 283 ,310 ,  335, and 
360~ were  s tudied .  R e s u l t s  a r e  p r e s e n t e d  in  Tab le  1 and Fig. 2 where  the da shed -do t  l ine  r e p r e s e n t s  the 
s a t u r a t i o n  l ine .  

The r e s u l t s  ob ta ined  were  c o m p a r e d  with speed of sound data  ca lcu la ted  f rom p - V - T  data for Dowthe rm 
[3]. The d i v e r g e n c e  be tween  the e x p e r i m e n t a l  and ca l cu l a t ed  data ave raged  0.35%, r e a c h i n g  0.6% at a t e m p e r a -  
t u r e  of 360 ~ and p r e s s u r e  of 6 ba r .  
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ACTION OF QUANTUM EFFECTS ON THERMAL 

OF LIGHT GASES (HELIUM-3, HELIUM-4, AND 

A. G. Shashkov and T. N. Abramenko 

C O N D U C T I V I T Y  

H Y D R O G E N )  

UDC 536.23 

Express ions  a re  found for quantum cor rec t ions  consider ing symmet ry  effects expressed  in 
t e r ms  of coll ision integrals ,  and the i r  contribution to the thermal-conduct iv i ty  coefficient of 
gases is calculated. It is shown that quantum effects for light gases a re  insignificant at 
t empera tu re s  above 20~ 

The study of gas t r a n s f e r  proper t ies  at low t empera tu res  and high p r e s su re s  is of prac t ica l  in teres t  
because  of the use of the phenomenon of superconductivi ty in many scientif ic and industr ial  fields.  Exper imenta l  
study of such p roper t i e s  is complicated by large mater ia l  expenditures ,  the limited number of objects for 
study (isotopes of helium and hydrogen), and severe  methodological difficulties.  

The l i t e ra tu re  offers  isolated exper imenta l  data on the t r an s f e r  p roper t ies  of hel ium-3,  hel ium-4,  hydro-  
gen, and thei r  mixtures  at low t empera tu re s ,  usually at a tmospher ic  p r e s su re .  

Together  with the exper imenta l  methods of studying t r ans fe r  p roper t i es ,  there  exist  two theore t ica l  
approaches to describing such proper t ies .  The f i rs t  of these is the thermodynamic  approach,  based on the 
quantum theory  of i r r e v e r s i b l e  t r a n s f e r  phenomena [1], in which one initially establishes l inear  phenomeno- 
logical relat ionships between the Four ie r  components of the corresponding flux densit ies I(P)(q; ~,,) and the 
forces  acting on the equil ibr ium sys tem X(P)(q; w) in the form 

1 (~1 (q; co)= L pp' (q; co)X ~p) (q; c0), 

where LPP'(q; w) a re  kinetic coeff icients;  I(P)(q; w) = f d x e  iqx fd te i t~215 I(P)(x, t). Then general  formulas a re  
found for LPP' (q; w) commencing f rom a microscopic  (quantum mechanical) descr ipt ion of the macroscopic  
sys tem.  Finally the values of these quantities are  calculated as functions of t empera tu re .  

In par t icu la r ,  for  the thermal-conduct iv i ty  coefficient  the relat ionship [2] 

~ , = ~ - l i d t  i' ds I(P)(x, O) I(P')(x, t - -  is (1) 
0 0 

may be obtained, where/~ = (kT)-l;  t, t ime;  I(x, t) = e-iHtI(x, 0). Equation (1) is valid for both c lass ica l  and 
quantum sys tems .  

The viscos i ty  coefficient is determined f rom the express ion  

n =  lim 1 d t < I ( O ) l ( t ) : > =  n dtj'dp* P.*P* O(p*, q, t ) - -  
~v.v~ VkT m 

o 0 

i dlj'dp~ dp*dr12 r,2.x O~(rle) O(p~, ql, P,~, q2, t), (2) 
n 2 

kT .. " 2 Orlo. u 
0 

P~, qi cha rac t e r i ze  the momentum and position of the i-th par t ic le ;  r i j = q i - q j  ; r  is the in te rmolecula r  
in teract ion potential;  V, volume; 
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