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Results a re  presented of a theoret ical  and experimental  investigation of the dependence of the 
thermal  coefficient of accommodation and emissivi ty  on pa ramete r s  character iz ing surface 
roughness.  

Multiple tes t  deter/ninations of the coefficients of accommodat ion and emiss ivi ty  have shown the 
dependence of these pa ramete r s  on the surface roughness [1, 2]. A number of at tempts was recent ly  un- 
dertaken to find the analytical expression for this dependence [3, 4]. 

Searches for an analytical dependence of a and e on roughness propound p r imar i ly  the question of 
selecting the pa rame te r  which can be used to charac te r ize  the roughness most  completely f rom the view- 
point of its influence on the heat t ransmit t ing proper t ies  of the surface.  A second, but no less  important,  
demand on this pa r ame te r  is its access ib i l i ty  to measurement .  

Le t  n be the number of collisions of gas atoms with a surface in the case of the accommodation coef-  
ficient, or  the quanta of radiant energy in the case of the emissivi ty .  The dependence of the coefficient a 
on n is the following [5]: 

1 - - a  = ( i  - - C o )  '~. (1 )  

Let  us show that an analogous dependence on n will also hold for  the emissivi ty .  Indeed, e 0 and e can 
be t reated as the probabil i ty of absorption of a radiant energy quantum during one or  n collisions with a su r -  
face, respect ively.  Then (1 -%)  and ( l - e )  is the probabili ty that a radiant energy quantum will not be ab- 
sorbed by a surface during a single or  n collisions. According to the law of multiplication of probabili t ies 
[6] 

I - ~ = (I - -  %)~. (2 )  

Let us consider there to be scattering centers with mean height R z in the amount of N per unit length 
on the surface. The mean spacing between them is T mean = 1/qN. However,irlcormectionwiththefactthat 
the main characteristic of the height of roughness is R a according to GOST 2789-59, and there is an ap- 
proximate linear relation between R a and R z (R z = 4.5Ra), then we shall use the parameter R a measured by 
model 201 or 240 Profilometers in the subsequent exposition. 

It can be assumed that the number n depends on the ratios Ra/X and Tmean/X for the thermal radia- 
tion and heat transmission of gas particles by collisions. If Ra/?~ >_ Tmeaa/X >> 1, then n is proportional to 
R a. For Ra/X << 1 n--~ 1 is a single reflection. 

The dependence of n on Tmean/X is apparently more complicated. If T mean/X << 1, then n ~ 1, i . e . ,  
the scattering centers are so near each other that reflection occurs from the peaks of the microroughness. 
If Tmean/X ~ ~, then n ~ 1 is the case of a perfectly smooth surface. When Tmean/X >> 1, but finally, 
then n ~ N ~ X/Tmean, and this means that the dependence of n on Tmean/X has a maximum. 

An empirical approximation of the form 

n =  1 + B  Ra ~" P )~ = 1 @B --PT~mean ' )~ Trnean exp --  Tmean 
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Fig. 1. Dependence of ae f  f and Sef f (curve 7) 
on tan 0meanfo r  different  gases :  1) He; 2) Ar ;  

qoo 3) Xe; 4) CO2; 5) a i r ;  6) wa te r  vapor .  

sa t i s f i es  the condition l i s ted  above. The constants  B and P can, in pr inciple ,  be dis t inct  for  the a c c o m m o -  
dation and e m i s s i v i t y  coeff icients .  

F o r  gases  ~ has a magnitude on the o rde r  of 10 -8 cm,  with the exception of the t e m p e r a t u r e  of liquid 
helium; for  t he rma l  radiat ion at  room t e m p e r a t u r e  ~ is on the o rde r  of 10 -3 em while Tmean  = 1/N va r i e s  
between 3 �9 1 0  - 2  and 1 .10  -2 em in the range  of 8-12 c l a s se s  of pur i ty ,  t he re fo re ,  k / T m e a n  << 1 for  both 
c a s e s ,  and this means  (3) will be  

n =  1-i-B Ra = l - b  BRaN. (4) 
Tree an 

The dependence obtained shows that the number  of coll is ions n is independent of the wavelength in a 
broad range of t e m p e r a t u r e s  (T ~ 273~ and depends only on p a r a m e t e r s  cha rac te r i z ing  the su r face  rough-  
ness .  

The su r face  roughness  prof i le  can be considered a s t a t ionary  random function, and the s imp le s t  p r o -  
fi le c h a r a c t e r i s t i c s  can be found by the rea l iza t ions  of this function, by p ro f i log rams .  The theory  of random 
functions a s s u m e s  a cor re la t ion  method for  this operat ion,  which p e r m i t s  es t imat ion  of the cor re la t ion  be -  
tween success ive  points of the profi le ,  and to obtain its f requency-d i spers ion  cha rac t e r i s t i c .  

The co r re la t ion  function can be approximated  by the equation [7] 

I ( "d)  2a v + v c o s  2~ 1 (5) K ('~) = C2R~ Y exp - -  9 6 - ~  + [~ cos T~ T-~- "~ " 

The mean slope of the l a te ra l  side of a mic roroughness  can be defined as [71 

where  T / T T  + (3 /T~ + v / T  v = 1/Tmean .  

Compar ing  (1), (4), (6) r esu l t s  in the express ion  n = 1 + D t a n 0 , w h e r e D  = B/7 .  The re fo re  

a = 1 - -  (1 - -  ao)~+z~tg ~ 

and 

e = l - -  (1 - -  so) L+D,tge . (7) 

I t  can the re fo re  be cons idered  that namely  tan 0 is the opt imal  p a r a m e t e r  which, on the one hand, c o r -  
responds  to the demands posed in the sense  of taking account of the influence of su r face  roughness  on both 
the accommodat ion  coefficient  and on the emiss iv i ty ,  and, on the  other  hand, can be obtained suff icient ly 
s imply  f rom p ro f i log rams  of the sur face .  The p re sence  of a functional dependence on tan0 is a lso  noted in 
[3], it is t rue ,  just  for  the accommodat ion  coefficient  and without disclosing the fo rm of the function. 
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TABLE 1. Values of the Constant D, the Accommodation and E m i s -  
sivity Coefficients 

Gas %if0 ao D,,~ eeff 0 eo 

He 
Ar 
Xe 
Co~ 

Air 
Water vapor 

0,23 
0,66 
1,0 
0,64 
0,65 
0,48 

0,375 
0,8 
1,0 
0,78 
0,79 
0,66 

1,~ 
1,~ 

0,9 
0,905 
0,60 
1,15 o~78 

m 

0,145 

The fact that the coefficients a and e depend only on tan 6 can be shown qualitatively from several  other 
aspects  also,  if the ratio of the difference between the total surface  a rea  and its geomet r ic  area  AS to the 
geometr ic  a rea  S of the surface is taken as the roughness cr i ter ion.  In turn,  the quantity AS/S is approxi-  
mately  equal to the relative elongation of the prof i logram because of roughness,  i . e . ,  

AS A1 1 1 - -  ~. ~ - -  1 ~ tg 2 0, 
S l cos 0 2 

since 0 << 1 in the range from the 6 to the 14 c lasses  of purity. 

It should be noted that the constants D 1 and D 2 in (7) depend on the law of reflection of gas atoms and 
radiant energy quanta f rom the surface at the point of incidence. Reflection of the radiant energy flux oc-  
curs  according to the law that the angle of incidence equals the angle of reflection. 

As regards  reflection of the gas a toms,  this law may not hold s ince the surface of a body, no mat te r  
how perfect ly  smooth it may be, is always "pitted" by the thermal  vibrations of the solid par t ic les  and it 
will always be rougher  for  an incident atom flux than for  radiant energy because the de Brogl ie  wavelength 
for a toms,  as has been mentioned above, is five o rders  less  than the thermal  radiation wavelength at room 
tempera ture .  

I t  can therefore  be assumed that the quantity D 1 should be g r ea t e r  than the quantity D2, and the d i f fer ,  
ence between these quantities can be a measure  of the deviation of the law of atom reflection from the law 
that the angle of incidence equals the angle of reflection. 

Ten pairs  of coaxial tubes of 1Crl7N10T steel with 8-to 12-th class of puri ty were fabricated to verify 
the dependences (7) and the deductions following from them. The surface  profile was determined on a model 
201 prof i lometer .  The corre la t ion  function K(r), which was approximated by a dependence of the form (5), 
was calculated by means of the prof i logram obtained, and this permit ted determination of all the pa ramete r s  
as well as the evaluation of tan ~ in conformity with (6). 

The heat flux between the coaxial tubes was determined in tests ,  which afforded a possibil i ty of de te r -  
mining the effective emiss ivi ty  (for a residual gas p r e s s u r e  less  than 10 -5 mm Hg) and the effective accom-  
modation coefficient for helium, argon, xenon, a i r ,  CO 2 and water  vapor:  

ala 2 e~e2 and neff , (8) 
neff= el -~- co. - -  exs e a x + a 2 ~ a l a  2 

since for  a sufficiently small  gap between the tubes the problem reduces to the determination of aeff  and 
eef f for two infinite paral lel  planes. 

Using the dependences (6) and (7), it can be shown that a ef f and ~eff depend on tan 01 + tan ~9z/2 = tan 
0mean. For  small changes in neff and eeff as a function of the roughness,  and for n ,~ 1 formula (7) can be 
expanded in a ser ies  in powers of Dtan0 and by limiting ourselves  to the f i rs t  member  of the expansion we 
can obtain the dependence of aeff  and Zef f on the quantity t anemeaa  for the two coaxial tube surfaces  

a la2  --aeffo [ I - -  2 ( t - - ao ) ln ( l - -no )  D (tg01+tg02)] 
% f f =  a l +  a~ - -  a1% ,.. ao (2 - -  a0) ~ 2 J' (9) 

exe2 = ee,f0[1 2(l--co)In(I--%) (tgOl~tgO2)] 
eefi el-[-e~ - -  ei82 L %(2--%) D~ . 
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Graphs of the dependences of eeff  and aef f  on t a n 0 m e a n  a re  p resen ted  in Fig .  1. fo r  8-12 c l a s s e s  of 
pur i ty .  The dependence is l inear .  Extrapolat ion of the l ine to in tersec t ion  with the ordinate  axis  p e r m i t s  
de terminat ion  of ae f f  and  eeff0 and eva!uation of a 0 and e 0 t h e r e f r o m .  Knowing a 0 and e0, f rom the slope of 
the l ines  we can de te rmine  the values of D i and D 2. 

Values of D for  the accommodat ion  coefficient  and emi s s iv i t y  a re  p resen ted  in Table  1. The quantity 
D t ac tua l ly  turned out to be g r e a t e r  than ]3 2 by  approx imate ly  20% but only for  monatomic  gases  (helium and 
argon).  F o r  the d ia tomic  gases  (air  and carbon dioxide) D 1 < D~. This is poss ib ly  assoc ia ted  with the in- 
fluence of rotat ional  deg rees  of f reedom of the molecules  on the ref lect ion law. This influence is pa r t i cu -  
l a r l y  noticeable in the t r i a tomic  gas  (water  vapor) where  D 1 is a lmos t  50% l e s s  than D 2. 
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N O T A T I O N  

a re  the t he rma l  accommodat ion  coefficient  and emiss iv i ty ,  r e spec t ive ly  (the subsc r ip t s  
1, 2, eff  a r e  values  for  each of the heat  exchange su r faces  and the effect ive value for  
both su r faces  together);  

a r e  the the rma l  accommodat ion  coefficient  and emi s s iv i t y  for  a single coll ision with the 
su r f ace  (n = 1); 

is the number  of col l is ions with the su r face  by the gas  a toms  or  the radiant  energy  
quanta; 

is the mean height of the microroughness ;  
is the number  of mie ro roughnesses  pe r  unit length of sur face ;  
is the mean dis tance between mic ro roughnesses ;  
is the a r i thmet ic  mean  deviation of the mic ro roughnes se s  f rom the mean line; 
is the heat  radiat ion wavelength and t h e m e a n  de Brogl iewavelength  for  gas  a toms;  
a r e  the constants  in (3), (4), (7)-(9); 
is a coefficient  dependent on the nature  of the mic ro roughnes se s  (for ground sur faces ,  

C = 1.25); 
is the cor re la t ion  function; 
is the a rgument  of the cor re la t ion  function; 
a r e  the coefficients of random and per iod ic  components  of the mic ro roughnes se s  (~-1 

is the f i r s t  o rde r  and v-2 is the second o rde r ,  where  7 + f~ + v = 1); 
is the mean spacing between random mie ro roughnesses ;  
a re  the per iods  of the f i r s t  and second o rde r  mic ro roughnesses ;  
is the slope of the l a te ra l  side of the mic ro roughness  ( subscr ip t s  1, 2, m e a n a x e ,  r e s p e c t -  

ively,  the values for  each of the cons idered  su r faces  and the i r  mean); 
is the geomet r i c  sur face  a rea ;  
is  an i nc rea se  in g e o m e t r i c  su r face  a r e a  because  of roughness;  
is the length of p ro f i logram project ion on the horizontal  axis; 
is the di f ference between total  p ro f i logram length and l. 

1. 

2. 
3. 
4. 
5. 
6. 
7. 

L I T E R A T U R E  C I T E D  

M. I .  Driga and E. N. Frolova ,  Transac t ions  of the Mendeleev All-Union Scientific Resea rch  In -  
s t i tute  of Metrology,  No. 85 (145), 63-69 (1966). 
A. G. Blokh, The rm a l  Radiation in Boi le rs  [in Russian],  ]~nergiya, Leningrad  (1967). 
A. I. Erofeev ,  Izv.  Akad. Nauk SSSR, Mekhan. Zhidk. i Gaza,  No. 6, 124-127 (1968). 
R. G. Baran t sev ,  Raref ied  Gas Aerodynamics ,  Sb. 1 . ,  Leningrad State Univ. (1963). 
Waxman,  Raketnaya Tekhnika,  No. 1, 3-16 (1962). 
E.  S .Veu t se l ' ,  Theory  of P robab i l i ty  [in Russian] ,  Nauka,  Moscow (1964). 
Yu. R. Vi t tenberg,  Vestnik Mashinost roeniya ,  No. 1, 55-57 (1969). 

88 


