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An experimental  comparison of two widely employed methods of determining accommoda-  
tion coefficients is presented; these a re  the method of free molecular  flow and the method 
of the tempera ture  jump. The values of the coefficients which have to be introduced into the 
computing relat ionships of the tempera ture- jump method in o rder  to obtain the true values 
of the accommodation coefficient a re  determined,  this method being theoret ical ly the less 
r igorous .  Correct ion factors  a re  determined for both monatomic and polyatomic gases .  

Two methods are  commonly employed at the present  time in o rder  to measure  the thermal  a c c o m m o -  
dation coefficient a: the method of free molecular  flow and the tempera ture- jump method. The basic com- 
puting relat ionships for the two methods were given in [1]. 

A compar ison between the experimental  accommodation coefficients obtained by the two methods [2] 
shows that although the sca t t e r  charac te r iz ing  the resul ts  of each method individually is very  considerable,  
it is never theless  smal le r  than the difference between the values of  a obtained by the two different methods 
(for the same surface and the same gas). This poor agreement  between the resul ts  cast  ser ious doubt on 
the adequacy of the values of a obtained by the method of low p res su res  and the t empera tu re -d rop  method, 
since it was a pr ior i  uncertain whether this difference had a good theoret ical  basis  o r  whether it resul ted 
f rom differences between the conditions of determination.  

This problem has in effect only been examined theoret ical ly by two authors ,  Thomas and Golike [2], 
who attempted a comparison between the methods in such a way as to ensure that, within the l imitations 
imposed by the methods themselves  (i.e., their  difference in pressure) ,  the experimental  procedure and 
the conditions of the experiments  should be kept constant.  The resul ts  failed to provide any adequate answer  
to the question under discussion,  and according to the authors themselves  could only be considered as a 
fur ther  indication of the fact  that the accommodation coefficients might vary  with p ressu re  due to the high- 
p res su re  adsorpt ion of gas on the surface.  

In its c lass ica l  form [1] the tempera ture- jump method is not based on a very r igorous theory.  Way- 
lander [3] tr ied to const ruct  an exact  theory of the tempera ture  jump for  a raref ied  monatomic gas on the 
basis  of a solution of the Boltzmann equation for the molecular  distribution function. The following expres-  
sion was obtained for  the tempera ture  jump: 

75,~ . 2--h'a ( dT ) (1) 
AT-- t28 a l ~ n 

which agrees  with the general ly  accepted express ion [1], apar t  f rom the coefficient K (l is the free path of 
the gas molecules).  In Eq. (1) AT is the tempera ture  jump, K is the cor rec t ion  factor  for the t empera tu re -  
jump method, (dT/dx) n is the temperature  gradient  along the normal  to the surface.  

For  monatomic gasesWaylander  calculated K = 0.827. It should be noted that, owing to the complexity 
of the mathematical  calculations of the collision integral  in the Boltzmann equation, it is ex t remely  difficult 
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TABLE 1 

Class of Length of Outer diam-Inner diam- Gap, mm 
Pairs of tubes finish tubes, mm eter, mm eter, mm 

outer 
i inner 

outer 
2 inner 

outer 
3 inner 

oute r  
4 inner 

5 outer 
inner 

outer 
6 inner 

7 outer. 
mner 

8 

12 

8 

8 

8 

8 

12 

t80.0 
12t. 5 

t79.8 
i20.9 

t79.8 
t2 i  .6 

i79.8 
i 2 i  .0 

t80.0 
12t .t 

t79.9 
i20.8 

t80.3 
t2t .0 

33.50 

33.42 

36.94 

35.9i 

33.94 

3i.96 

3i .48 

33.99 

34.i5 

39.71 

39.72 

39.75 

39.69 

40.20 

0.245 

0.365 

1.390 

i .905 

2.900 

3.866 

4.358 

// 

Fig .  1 

// 

to c a l c u l a t e  the va lue  of  K fo r  p o l y a t o m i c  g a s e s ,  and  
the on ly  m e t h o d  of d e t e r m i n i n g  th i s  a t  the p r e s e n t  
t i m e  i s  by e x p e r i m e n t .  

We thought  i t  d e s i r a b l e  to m a k e  an  e x p e r i m e n t a l  
v e r i f i c a t i o n  of the a g r e e m e n t  b e t w e e n  the a c c o m m o d a -  
t ion  c o e f f i c i e n t s  o b t a i n e d  by  the m e t h o d  of  the  t e m -  
p e r a t u r e  d r o p  and the m e t h o d  of  low p r e s s u r e s  u n d e r  
s t r i c t l y  i d e n t i c a l  c o n d i t i o n s ,  and  a l s o  to d e t e r m i n e  the 
va lue  of  K e x p e r i m e n t a l l y  fo r  bo th  m o n a t o m i c  and  
p o l y a t o m i c  g a s e s .  

To th is  end we s e t  up  the fo l lowing  e x p e r i m e n t .  
The a c c o m m o d a t i o n  c o e f f i c i e n t  was  d e t e r m i n e d  f r o m  
the equa t ions  of the t h e r m a l  f lux t r a n s m i t t e d  th rough  
a s m a l l  a n n u l a r  gap  A b e t w e e n  two c oa x i a l  c y l i n d e r s ,  

between which a temperature difference (Ti--T 2) of the order of 5 ~ was maintained. (Here T I, T 2 are the 

temperatures of the outer surface of the inner tube and the inner surface of the outer tube, respectively,) 

The experimental temperature level was ~290~ The gap was filled with the gas under test. The diame- 

ters of the cylinders were chosen so as to satisfy the condition that the ratio of the gap width to the radius 
should be A/r < 0.i. This reduced the problem to the case of heat transfer between two infinite plane sur- 

faces. As material for the cylinders we used chromium-nickel steel of the IKhI8NIOT type. 

The inner cylinder was heated to TI. The power of the main electric heater (a Nichrome spiral), de- 

termined from its voltage and resistance, was in general expended in transferring heat to the gas in the gap 

between the coaxial cylinders, in thermal radiation from the surface of the inner cylinder, and in thermal 

l o s s e s  t h rough  the po in t s  a t  wh ich  the ends  of the c y l i n d e r s  w e r e  s e a l e d .  The c o n s t r u c t i o n  of  the c y l i n d e r s  
u sed  in the e x p e r i m e n t s  i n c o r p o r a t e d  g u a r d  r i n g s  a t  the e n d s ,  with g u a r d  h e a t e r s  in  them;  these  w e r e  p r o -  
v ided  to c o m p e n s a t e  the outf low of  h e a t  a t  the ends  and  e n s u r e  u n i f o r m i t y  of  the  t e m p e r a t u r e  f i e ld  a long  the 
g e n e r a t o r s  of  the i n n e r  c y l i n d e r .  

The a p p a r a t u s  i s  i l l u s t r a t e d  in  F ig .  1, in  which  1 and 5 a r e  the c o a x i a l  c y l i n d e r s  u n d e r  c o n s i d e r a t i o n ;  
2, 4, and 6 a r e  t h e r m o c o u p l e s ;  3 a r e  the g u a r d  r i n g s ;  7 a r e  F t o r l o n  (ana logous  to Tef lon)  s t o p p e r s ;  8 a r e  
c o p p e r  r e f l e c t i n g  d i s c s ;  9 a r e  the tops  of  the v a c u u m  s e a l i n g  of  the tube;  10 is  a v a c u u m  l ine;  and  11 a r e  
l e a d s  to the p o t e n t i o m e t e r .  

The e f f i c i e n c y  of the c o m p e n s a t i o n  a r r a n g e m e n t s  cou ld  be judged  f r o m  the r e a d i n g s  of  a s y s t e m  of 
t h e r m o c o u p l e s  on the o u t e r  s u r f a c e  of  th i s  c y l i n d e r .  

The c y l i n d e r s  w e r e  f ixed  r e l a t i v e  to one a n o t h e r  by  m e a n s  of  F t o r l o n  4V s t o p p e r s ,  t h i s  be ing  a m a -  
t e r i a l  of  low t h e r m a l  c o n d u c t i v i t y .  Open cu t s  in the m a i n  body of  the F t o r l o n  s t o p p e r s  i n t e r r u p t e d  any  p o s -  
s i b l e  h e a t  l o s s e s  a t  the e n d s .  The a x i a l  flow of  r a d i a t i o n  was  r e f l e c t e d  by  p o l i s h e d  c o p p e r  d i s c s  moun ted  
in the s t o p p e r  and  he ld  a t  the t e m p e r a t u r e  of the g u a r d  r i n g s .  Al l  t h e s e  s t r u c t u r a l  f e a t u r e s  r e d u c e d  the 
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TABLE 2 

Gases a, a" K 

Helium 
Neon 
Argon 
Xenon 
Air 
Carbon dioxide 
Water vapor 

0.265 
0.582 
O. 740 
0 . 9 9 0  
0.693 
O. 763 
0.530 

0,250 
0.525 
0.655 
0.830 
0.655 
0.705 
0.560 

0.78 
0.82 
0.83 
0.8! 
0.92 
0.89 
i . lo 

outflow of hea t  a t  the ends to a min imum,  while the guard  
he a t e r s  compensa ted  any r e s i d u a l  l o s s  of heat .  

The t e m p e r a t u r e  T2 of the outer  cy l inder  is  kept constant  
by placing the whole cons t ruc t ion  in a spec i a l  c ha m be r  with a 
t he rmos ta t i ng  l iquid pass ing  through i t ,  this  being taken f rom 
a l iquid t h e r m o s t a t  furnished with a contact  t h e r m o m e t e r  and 
a t h e r m a l  r e l a y .  The t e m p e r a t u r e  is  m e a s u r e d  with t he rmo-  
couples  s ea l ed  into the body of the outer  cy l inder .  

The r ad ia t ive  contr ibut ion to the heat  t r a n s f e r  is  taken 
into account  by analogous t h e r m a l  m e a s u r e m e n t s  in vacuum 

with the same  t e m p e r a t u r e  d i f fe rence ,  i . e . ,  for  the case  in which the gas p r e s s u r e  in the gap is  so tow that  
i t s  mo lecu l a r  hea t  conduction may be neglec ted  by c om pa r i s on  with the rad ia t ion .  The gas p r e s s u r e  in the 
gap was m e a s u r e d  between 1.5 �9 10 -1 and 5 �9 10 -4 mm Hg by means  of an absolute  compress ion - type  McLeod 
m a n o m e t e r ,  and a t  h igher  p r e s s u r e s  by means  of a d i f fe ren t i a l  oil m a n o m e t e r .  During the m e a s u r e m e n t s  
the p r e s s u r e  r ema ined  constant  within the read ing  a c c u r a c y  of the McLeod m a nom e t e r ,  which was used 
r epea t ed ly  in o r d e r  to check this constancy.  On holding the whole s y s t e m  a t  the lowes t  p r e s s u r e s  for a long 
period it was found that leakage and evaporation amounted to less than I0 -~ mm Hg over a period of three 
days. 

Altogether experiments were carried out with seven pairs of coaxial cylinders. Table I indicates 
the geometry of each pair. Special attention was paid to obtaining identical surfaces. Five pairs of cylin- 
ders were processed on a circular polishing machine to give a class 8 surface finish, and two were honed 
(inner surfaces) and superfinished (outer surfaces) to class 12. The results of the polishing operations 
were monitored by analyzing profile recordings taken from the test surfaces. 

As test gases we chose: helium, neon, argon, xenon, carbon dioxide, air, and water vapor. 

The gaps chosen for the tubes of the eighth and twelfth classes of surface finish enabled us to obtain 
Knudsen numbers varying by a factor of approximately 20 times for different pairs of tubes of the same 
class offinishat the pressure. In this way we created the right conditions for the free molecular flow (tubes 
with small gaps) and the temperature-jump method (tubes with large gaps) under exactly the same pressure, 
i.e., with completely identical conditions at the surface. It should be noted that the test surfaces neces- 
sarily held adsorbed films, since after the high-temperature heating associated with the machining opera- 
tions the surface of the steel was adsorption-active, and no special efforts were made to remove these 
films in the experiments. Although the resultant data relating to the accommodation coefficients cannot be 
ascribed to a completely clean surface of the IKhlSNl0Tsteel, the constancy of the conditions (the identical 
pressures and surface properties) governing all pairs of cylinders with one particular class of finish means 
that we may validly compare the methods of determining the thermal accommodation coefficient to the de- 
sired accuracy. 

A comparison of Eq. (I) with the generally accepted expression for the length of the temperature 
jump leads to the following relationship for the coefficient K: 

K = t - -  - -  a' ] 

Here  a '  and a"  a r e  the effect ive values  of the accommoda t ion  coeff ic ients  for  the two s u r f a c e s '  o b -  
tained by the method of low p r e s s u r e s  and the t e m p e r a t u r e - j u m p  method,  r e s p e c t i v e l y .  

The r e s u l t s  obtained for  the coeff ic ients  a '  and a"  and the coeff ic ient  K a r e  shown in Table 2. 

The e x p e r i m e n t s  showed that  the accommodat ion  coeff ic ients  were  independent  of p r e s s u r e  over  the 
whole range  between 5 . 1 0  -4 and 10 mm Hg; for  each of the gases  we were  t he r e fo re  able to de t e rmine  
these coeff ic ients  by r e f e r ence  t o a  whole s e r i e s  of points ,  both under  t e m p e r a t u r e - j u m p  condit ions and 
a l so  in the f r e e - m o l e c u l a r  ( low-pressure)  mode,  and this g r e a t l y  reduced  the measu r ing  e r r o r .  Careful  
a n a l y s i s  and a ca lcu la t ion  of the e r r o r s  showed that  the e x p e r i m e n t a l  mean square  e r r o r  in de te rmin ing  
the ave rage  accommoda t ion  coeff ic ient  by each of the p rocedure s  in quest ion was no g r e a t e r  than 3%, while 
the ca lcu la ted  value was of the o r d e r  4-5%.  

The fact  that  the accommoda t ion  coeff ic ient  was independent  of p r e s s u r e ,  in spi te  of the p re sence  of 
'the a d s o r b e d  f i lm on the s tee l  s a m p l e s ,  may s imply  be r e g a r d e d  as  a consequence of the s t ab i l i t y  of the 
f i lm ove r  the whole range of working p r e s s u r e .  
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We see f rom Table 2 that the coefficient K for the monatomic gases (helium, argon,  neon, and xenon) 
lay cIose to the value of K = 0.83 calculated byWaylanderoWe may thus say that for monatomic gases  the 
exper iment  confirmed the necess i ty  of introducing the coefficient K = 0.83 into the expression for the length 
of the tempera ture  jump when using the tempera ture- jump method of obtaining the accommodation coeffi- 
cients.  

As regards  polyatomic gases ,  here  the coefficient K indicated in the table of resul ts  has a tendency 
to increase .  
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