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The theory  of t r a n s p o r t  phenomena in r a r e f i ed  gases  cons is t ing  of s t r u c t u r e l e s s  molecu les  is deve l -  
oped in [1, 2]. The C h a p m a n - E n s k o g  theory  is ,  s t r i c t ly  speaking,  appl icable  only to monatomic  gases .  
Inelas t ic  col l is ions  a r e  poss ib le  between molecules  posses s ing  internal  degrees  of f r eedom.  In such co l -  
l i s ions  kinetic energy  is no longer  conse rved .  The t he rma l  conductivity depends s ignif icant ly on the p r e -  
sence  of internal  deg rees  of f r e e d o m  since energy  t r a n s p o r t  includes in ternal  energy  as well  as t r a n s l a t o r y .  
Simple mo lecu l a r -k ine t i c  theory  yields for  the the rma l  conductivity the re la t ionship  km/~ = fc v, which is 
exper imen ta l ly  obeyed by monatomie  gases .  It has  been shown exper imenta l ly  [4] that  fo r  all monatomic  
gases  the f ac to r  f equals 2.5 �9 0.05. 

To take the internal  degrees  of f r e e d o m  into account Eucken effect ively  postulated that  f = fEu = 1/4 
(92/-5), a s suming  that  t he re  is no in terac t ion  between the t r a n s l a t o r y  and internal  degrees  of f r e edom.  

Ubbelohde [3] t r ea t ed  the molecu les  of a gas with excited internal  energy  s ta tes  as the components  
of a chemica l ly  r eac t ing  mix tu re  and r ega rde d  the flow of in ternal  energy  as the ene rgy  t r anspo r t ed  by the 
diffusion of these  excited s t a tes ,  set t ing fint = PDint/q and 

~ m  5 " PDint (1) 
lq 2 Ctran~ -P - - ~  Cvint 

fo r  

~1 [gC~ 

The fac to r  fg is defined by 

5 

fg-- ~1 2 c o 
1 

2 
P~nt.) , (2) 

Exper imenta l  data on the t h e r m a l  conductivi ty of gases  show that  the f ac to r  f l ies  between fEu and fg. 

Exchange of ene rgy  between the t r a n s l a t o r y  and internal  deg ree s  of f r e edom was taken into account by 
Wang-Chang and Uhlenbeck, who obtained the following re la t ionsh ip  for  the t h e r m a l  conductivity 

4attrn 5 C~ransau } -~-%trans ,  ~ a~ia~--~t " 

In the l imi t  of a ve ry  s low exchange of energy  between the t r a n s l a t o r y  and internal  degrees  of f r eedom,  
re la t ionsh ip  (3) goes over  into Eucken 's  f o rmu la .  

Express ion  (3) was used by Mason andMonehick[6] to de sc r ibe  the p rope r t i e s  of polyatomic gases .  
They cons idered  the l imi t ing  ca se  of a v e r y  long re laxa t ion  t ime  ~-. In effect  this co r r e sponds  to an expan-  
sion of the t he rma l  conductivi ty as a s e r i e s  in Zc/r,  where  ~'c is the t ime  between two col l i s ions .  T h e  zeroth  
approxfmat ion ,  used by Mason and Monchick, co r r e sponds  to the ca se  1 /Z  = ~e/ r  = 0 for  r ~ ~ and gives:  
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Fig.  1. Euekea fac to r  ve rsus  dimensionless  p a r am e te r  rc (rough 
spheres) .  1) The Kagan--Afanas 'ev approximation;  2) Pidduek's  
approximation.  

Fig.  2. Eucken fac tor  versus  dimensionless  p a r am e te r  a (loaded 
spheres ) .  

~ =  PDin t a i r+  3 PDir ~ a~t _ _ ,  
"q - 2  art - -  t I C~ 

where  

25 eu~.t; 5 ~21nt (4) 5 ~__r + ~ .  = _ . 

a~t = 2 "q - ~  nk'c 4 nk'~ 

Allowing for  energy exchange between the t r aa s l a to ry  and internal  degrees  of f reedom has the effect  
of decreas ing  f t rans  and increas ing f iat .  

Starting f rom intuitive considerat ions Saxena et al .  [7] obtained a modified Eucken fac to r  of the f o r m  

n + - 2 \ 2  ~lJ c~ 2 c, ' , 

5 ( _3k 2 o' t" 

F or  l a rge  Z only two t e r m s  need be re ta ined in the s e r i e s  expansion of ( - (1 /Z) (2ev /3k) ) .  This gives 
fg = fg -1 /Z(5 /2 -oD/~ l )Cv t rans /Cv .  It should be noted that the theor ies  of Eueken, Mason-Monchiek ,  and 
Saxena et al .  were  developed without specifying any rea l  model fo r  the molecules  of a polyatomic gas.  The 
relat ionships  obtained in these  theor ies  fo r  calculating the thermal  conductivit ies of gases  a re  valid fo r  any 
poIyatomie gas.  

We shall now consider  cer ta in  specific molecu la r  models  and the associated theoret ical  concepts.  

1. Rough Spherical Molecules .  In this case  the molecule  has the fo rm  of a rough sphere  of d iameter  
if, mass  m,  and moment  of inert ial  I. The distribution function for  a gas of rough-sphere  molecules  has 
the f o r m  f = f(-~, -~, -~, t) .  The equil ibrium distr ibution function has the f o r m  

/c0) = n (m/2rckT) a/2 (I/2~kT) a/2 exp [-- (my ~ + l~2)12kT]. 

Boltzmann's  equation for  a gas of rough spheres  can be wri t ten 

Or m Ov~ 
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The t h e r m a l  conductivi ty of such a gas can be e x p r e s s e d  as 

)~ = k2T~ I lamoo 6amO • 2aOOO_5a~OO_ 5a 2oio). 

Retaining only at  ~ and a[  10 leads  to Pidduck 's  approximat ion  [8] 

~,= 9_~ (kaT]m (~r 1)~ (50~2+15br 
16a ~ \~--m/ 102n~+101g~+75g+12 

Kagan and Afanas ' ev  took the t h r ee  t e r m s  a l  ~176 a101~ and a ~176176 into account and obtained 

3 {IPT~ 1/2 (~ +l)2(2000~'+949093+13449~2+7336tr +i f21)  
16o3 | - - / k  ntn l 1360~ 5 +3626~ 4 +3973g 3 ~-2560g 2 +969g + 116 ' 

where  t{ is a d imens ion less  p a r a m e t e r ,  ~ = 4I/m(r 2. 

F igu re  1 shows the Eucken f ac to r  f plotted as a function of K. 

2. Loaded Spheres .  A loaded s phe re  is a sphere  whose m a s s - c e n t e r  does not coincide with the cen te r  
of geome t r i ca l  s y m m e t r y .  

Suppose the s y s t e m  cons i s t s  of n l o a d e d - s p h e r e  molecu les .  The m a s s  of the i - th  molecule  is mi ;  the 
m a s s - c e n t e r  is spaced f r o m  the geomet r i ca l  cen te r  by a dis tance ~; the momen t  of iner t ia  r e l a t ive  to a co -  
ordinate  s y s t e m  fixed in space  is Ii; r i is the radius  vec tor  of the m a s s - c e n t e r  of molecu le  i; a-*i = (_ai, fib 
Yi) a r e  angles cha r ac t e r i z i ng  the or ientat ion of the molecule  r e l a t i ve  to the coordinate  sy s t em;  and w i is 
the  angular  veloci ty  of molecu le  i. Bo l t zmann ' s  equation fo r  loaded sphe res  has  the f o r m  

o-7 + oQ + _ _  + N,, 
m~ Ov 1 aa I ON 1 

= o? .... k.g,:[[~ ::, N: t) f j  (v:, a,, N: t) 
] 

(k.gal>0) 

--[, ~, ,  ::, N,, t)f, (;,, oct, N,, t)] dk dv,d:2dN2, 
where  

N i : ~. ~,. 

The t h e r m a l  conductivi ty can be e x p r e s s e d  in t e r m s  of the quantity a = n~2/2I .  The Eucken f ac to r  is p lo t -  
ted as a function of a in Fig .  2. 

3. Spherocy l inders .  A spherocy l inder  is a smooth  r ight  cyl inder  of length I with h e m i s p h e r e s  of 
rad ius  a fixed to its ends.  The m a s s  of a spherocy l inder  molecu le  is d is t r ibuted  s y m m e t r i c a l l y  about the 
axis of the cyl inder ,  so  that  the m a s s - c e n t e r  and the geome t r i ca l  cen te r  coincide.  Bol tzmarm's  equation 
for  a gas of spherocy l inde r s  has  the f o r m  [9] 

-" Oh , -:" Ofi + v  i ,--~-+-vi --~ah + o . . . .  
05 Or Or, 0~- (~f')=~/J'"" J'=(f;f;--fd~'~)Wdvflv}dv;dI1dI2dI'' 

The t h e r m a l  conduct ivi tyof  a gas of spherocy l inders  can be wri t ten  

~ ~ l.6k ( kT~/2  1 1 
~,~m/ 12 [~2+[~+0 12 ' 

where  fi = (//2)~. The Eueken fac to r  is plotted v e r s u s  /1 and A = m/2/4I  in F ig .  3. 

The exper imenta l  and theore t ica l  t e m p e r a t u r e  dependence of the Eucken f ac to r  is shown in Fig.  4 
fo r  n i t rogen and oxygen. 

Kinetic theory  for  molecu les  possess ing  internal  degrees  of f r eedom has  been developed both f r o m  
the c l a s s i ca l  and the quan tum-mechan ica l  points of view. A c las s i ca l  formula t ion  of the theory  for  gases  
cons is t ing  of r igid nonspher ica l  molecu les  is developed in [12-15, 17]. A m o r e  general  f o r m  of this  
t heo ry  was d i scussed  by Taxman [18]. The p r e s e n c e  of the internal  degrees  of f r e edom leads  to the ap-  
pea r ance  of an additional col l is ional  invar iant ,  connected with the angular  veloci ty .  This additional in-  
var ian t  gives r i s e  to an additional va r iab le ,  the "spin n angular  momen tum of the molecu les ,  and the p e r -  
turbat ion function should inco rpora t e  t e r m s  which couple these  two vec to r s .  
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Fig.  3. Eucken fac to r  ve r su s  d imens ion less  
p a r a m e t e r s / 3  and A ( spherocy l iaders ) .  1) 
~ = 0 ;  2) ~ = 1 .  

Cur t i s s  et al .  did not allow fo r  this effect .  Dahler  [15, 19] cons idered  the influence of this effect  on 
t r a n s p o r t  p rope r t i e s  in a gas of rough sphe res  [20] and spherocy l inde r s ,  and showed that  this effect  is 
sma l l .  

A quantum-mechanica l  t r e a t m e n t  fo r  molecu les  with internal  degrees  of f r e edom was given by Wang- 
Chang and Ublenbek [21] and by Wang-Chang,  Uhlenbeck, and de Boer  [22]. They obtained express ions  
fo r  the  t r a n s p o r t  coeff icients  in t e r m s  of in tegra ls  dependent upon the different ial  sca t t e r ing  c r o s s  sec t ions .  
The i r  theory  a s s u m e s  the c r o s s  sect ions  to be asympto t ic ,  which is t rue  only when the s t a t e s  in which the 
molecu les  a r e  found a r e  degenera te .  

A m o r e  r igorous  der ivat ion of the quantum-mechanica l  Bol tzmana  equation fo r  a gas of molecu les  
with internal  degrees  of f r e e d o m  was given by Waldmann [23] and l a t e r  by Snider [24]. The Wang-Chang 
method was used by Monchick, Mtmn, and Mason [25] to inves t igate  t he rma l  diffusion in m ix tu r e s  of poly-  
a tomic gases .  The quan tum-mechanica l  theory  of Wang-Chang,  Uhlenbeck, and do Boer  leads  to the fo l -  
lowing express ion  for  the t he rm a l  diffusion fac to r  of mix tu res  

1 ~,(6C;i_5) (~,, ~ ,  ) .  (6) 
a~ = 5---k nD~j x j m ~  x~m i 

As is well  known, the Wang-Chang theory  does not involve any specif ic  mo lecu l a r  model .  A s -  
~O0,O1 sumption of a pa r t i cu la r  model  r equ i r e s  the evaluation of a t e r m  denoted Qi~ �9 According to  the 

Wang-Chang theory ,  ~00.01 __, 0 and Xij = d ~ ~~0 01 k i t r a n s .  ,For loade - s p h e r e  molecu les  Qlj" ~ 0 and makes  
a significant contribution to the t he rma l  diffusion fac tor  aT .  Fo r  this model  we have 

" 5nkDii  \ x.~m i x~m~ ] 5nkDij  I. -~ xi 

I t  should be  noted that  the quantity C]j is not a~alogous to the quantity C ij and is not s y m m e t r i c  with 
r e s p e c t  to an interchange of indices .  The quantity Cij is  essen t ia l ly  dependent on inelast ic  col l is ions ,  and 
reduces  to zero  ff the molecu les  of the j - th  component  of the mix tu re  have  no internal  degrees  of f r e e d o m.  

The m e c h a n i s m  by means  of which gaseous mix tu r e s  a r e  sepa ra ted  into the i r  const i tuents  is c lose ly  
l inked with the rotat ional  degrees  of f r eedom of the molecu les .  The t he rma l  diffusion fac to r  is sens i t ive  
to the c r o s s  sect ion for  inelast ic  col l i s ions .  Fo r  loaded sphe res ,  the l a r g e r  ~ the g r e a t e r  the probabi l i ty  
of inelast ic  col l i s ions .  

General ly ,  for  nonisotopie mix tu re s ,  the second t e r m  in (7) is much s m a l l e r  than the f i r s t ,  which 
depends essent ia l ly  on the m a s s  of the molecules  and the i r  d imens ions .  This is indeed why the express ion  
fo r  aT  obtained fo r  a m i x t u r e  of monatomic  gases  [25] can genera l ly  also be  applied to a m ix tu r e  o fpo ly -  
a tomic gases .  The second t e r m  of (7) becomes  impor tan t  if the m a s s e s  and dimensions  of the molecu les  
a r e  v e r y  s i m i l a r  . ' isotopic mix tu res ) ,  as effects  assoc ia ted  with nonspher ic i ty  of the molecu les  (which this 
t e r m  allows for)  a r e  then signif icant .  

An exper imenta l  de terminat ion of the t he rma l  diffusion of isotopic m ix tu r e s  of CO (containing the 
molecu les  C 12, C 14, O 1~, 018) is d i scussed  in [26]. The influence of a magnet ic  field on the t h e r m a l  diffusion 
f ac to r  was studied exper imenta l ly  by de Vr ies  et al.  [27] using mix tu re s  of krypton and oxygen. I t  was 
shown that  an e lec t romagnet ic  f ield changes the t he rma l  diffusion f ac to r  by not m o r e  than 0.4%. 
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Fig.  4. Dependence of Eucken fac tor  on t e m p e r a t u r e  [108] 
fo r  (a) ni t rogen,  and (b) oxygen. Curves  co r r e spond  to:  1) 
nonl inear ized  M a s o n - M o n c h i c k  re la t ion;  2) l i nea r i zed  r e l a -  
t ion; 3) l inea r i zed  re la t ion  and Din t /D = 1 + 0.27/Z + . . . .  

The quan tum-mechanica l  Bol tzmann equation obtained in [23, 24] was used by McCourt  and Snider 
[28] to de r ive  a quan tum-mechan ica l  express ion  fo r  the the rma l  conductivi ty of a gas whose molecu les  pos -  
s e s s  rota t ional  degrees  of f r e edom .  This express ion  contains t e r m s  which a r e  the quantum analogs of the 
combined l inea r  and angular  m om en t a  of the molecu le .  For  the pa r t i cu la r  ca se  when the "spin" densi ty  
equals zero ,  the express ion  coincides with Wang-Chang 's  r e su l t .  Express ions  for  other  t r a n s p o r t  coeff i -  
c ients  a r e  der ived  in [29]. The r e s u l t s  obtained in [28, 29] were  l a t e r  used in [30, 31] to de r ive  exact  
express ions  fo r  the t r a n s p o r t  coeff ic ients  of a gas of l o a d e d - s p h e r e  molecu les .  

We shall  now dwell for  a m om en t  on the theory  of t r a n s p o r t  phenomena in a dense gas of s t r uc tu r e l e s s  
molecu les .  Application of L iouv i l l e ' s  t h e o r e m  for  an ensemble  of dis t r ibut ion functions leads to equations 
of h igher  o rde r  for  the dis t r ibut ion function. A genera l ized  Bol tzmann equat ioncan be obtained with the aid 
of these  equations [32]. Bogolyubov's  r e su l t s  a r e  used in [33] to der ive  express ions  for  the t r a n s p o r t  coe f -  
f ic ients  in the f o r m  of s e r i e s  expansions in the densi ty .  The r e su l t s  a r e  d i scussed  in [34-36]. The effect  
of t r i p l e  col l is ions  on the f i r s t  co r r ec t i on  fo r  the densi ty  is d i scussed  in [37-39]. Numer ica l  es t imat ion  of 
t hese  co r r ec t ions  in [37, 39] leads  to r e su l t s  in s a t i s f a c t o r y  accord  with exper imenta l  data at high t e m p e r a -  
t u r e s ,  where  the influence of f o r ce s  of a t t rac t ion  is sma l l .  Cor rec t ions  to the quan tum-mechanica l  Bol tz -  
mann equation which allows fo r  the f inite d imensions  of the molecu les  but ignores  the effects  of m a n y -  
molecu le  col l i s ions  axe d i scussed  in [40]. A m o r e  genera l  t r e a t m e n t  of the quan tum-mechanica l  Bol tz -  
mann equation is given in [41-48]. 

In another  approach  to the theory  of t r a n s p o r t  phenomena in m o d e r a t e l y  dense  gases  the t r a n s p o r t  
coeff ic ients  a r e  e x p r e s s e d  in t e r m s  of co r r e l a t i on  funct ions.  Expres s ions  for  the t r a n s p o r t  coeff icients  a r e  
obtained in [49-50]. The two approaches  to the  s tudy of t r a n s p o r t  p r o c e s s e s  in dense gases  axe d iscussed  
in [51, 52], 

Erns t  [53] evaluated his own re la t ionships  [54] fo r  the  ca se  of a gas of r igid sphe res  and obtained r e -  
sul ts  identical  to those  of [1, 2, 55]. Sengers  [56, 57] allowed fo r  t r ip le  col l is ions in a gas of r igid sphe res  
and obtained r e su l t s  deviat ing f r o m  [1, 2, 55]. He found a co r r ec t ion  to the Enskog re la t ion  but it was not 
e s t imated  numer i ca l ly .  Sengers  cons ide rs  that  Enskog neglected ce r ta in  types  of col l is ions and cycl ical  
co l l i s ions .  

Expres s ions  fo r  the t r a n s p o r t  coeff ic ients  we re  der ived in [58-60] with the aid of s e r i e s  expansions 
in the densi ty,  and it was shown that the t e r m  containing the squa re  of the densi ty  and cha rac t e r i z ing  the 
col l is ion of four  molecu les ,  d ive rges .  It  was shown [58, 60, 61] that  the logaxi thm of the densi ty  appea r s  
in the re la t ions  for  the t r a n s p o r t  coeff ic ients .  The d ivergence  is d i scussed  in [63, 67]. 

Sengers  [57, 68, 69] used the dis t r ibut ion function to evaluate  the logar i thmic  t e r m  fo r  a gas  of r igid 
d i sks .  Identical  r e s u l t s  w e r e  obtained in [70] using the co r re l a t ion  functions method.  

The B o g o l y u b o v - B o r n - G r e e n  equation is studied in [71, 72] along with the p rob lem of obtaining a 
col l is ion in tegra l  to the Bol tzmann equation. The c o n t e m p o r a r y  s ta te  of the theory  of t r a n s p o r t  phenomena 
in dense gases  is r ev iewed  in [73]. The m ode rn  theory  of t r a n s p o r t  phenomena in liquids is d i scussed  in 
[74-82]. T r a n s p o r t  phenomena in mix tu res  of dense gases  axe studied in [83-85]. In [86] a modif ied v e r -  
sion of Enskog ' s  theory  [1, 2, 55] fo r  a dense gas of r igid sphe res  is used to study t r a n s p o r t  phenomena 
in a dense gas of rough s p h e r e s .  

The t he rma l  conductivi ty of chemica l ly  r eac t ing  gases  is invest igated in [5, 10, 11]. Heat  t r anspo r t  
in chemica l ly  r eac t ing  gases  will be  much g r e a t e r  than in nonreact ing  gaseous  m i x t u r e s .  A cons iderab le  
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amount of heat  can be t r anspo r t ed  on account of the chemical  enthalpy of the molecu les ,  which diffuse under 
the action of concentra t ion grad ien ts .  These  gradients  exis t  because  the composi t ion of the gas va r i e s  
depending on the t e m p e r a t u r e .  In chemical  equi l ibr ium, i r r e s p e c t i v e  of the geome t ry  of the device fo r  de-  
t e rmin ing  the t h e r m a l  conductivity,  the equi l ibr ium the rma l  conductivity can be wri t ten in the f o r m  

where  Xf is the t he rm a l  conductivi ty in the absence  of chemical  reac t ions ,  and Xr is the t he rma l  conductivity 
on account of chemica l  r eac t ions .  The hea t - f low equation has  the f o r m  

q=_ ~,,r a d._~Tdr ik ~ raW'H'=--~'* (ATt S r-adrl', (8) 
i ~ l  r l  

The coefficient  a c h a r a c t e r i z e s  the geom e t ry  of the device for  de termining  the t he rma l  conductivity:  for  
para l le l  plates  a = 0, fo r  coaxial  cy l inders  a = 1, and for  concentr ic  sphe res  a = 2. The quantity AT is the 
t e m p e r a t u r e  d i f ference  between the walls  of the device .  Equation (8) s e r v e s  to define the " thermal  con-  
ductivi ty" of a reac t ing  gas .  I t  is well  known that  X* coincides nei ther  with Xf nor  with the t he rma l  conduct-  
ivity at chemica l  equi l ibr ium,  and depends on the geome t ry  of the device used to  de te rmine  the t he rma l  
eonductivity.  

Mishina [87] cons t ruc ted  a c losed s y s t e m  of differential  equations and boundary conditions for  heat  
and m a s s  t r a n s p o r t  in the reac t ing  (with finite ra tes )  mix tu re  N204 ~ 2NO 2 ~ 2NO + 02, located in a h e a t -  
conducting space  of cyl indr ical  geome t ry  bounded by su r faces  of a r b i t r a r y  catalyt ic  act ivi ty .  On the a s -  
sumption that  the composi t ion does not deviate  much f r o m  the equi l ibr ium composi t ion and that  the t e m p e r a -  
tu re  drop ac ro s s  the space  is smal l ,  analytic express ions  were  obtained fo r  the of f -equi l ibr ium composi t ion 
and for  the mean  (over the space) and the local  " thermal  conductivi ty" of the mix tu re s  N204 ~- 2NO 2 and 2NO 2 

~-~ 2NO + 02. 

The the rma l  conductivity of a ~.~kequilibrium par t ia l ly  ionized gas is d i scussed  in [88]. The p r o p e r -  
t i e s  of an ionized monatomic  gas a r e  studied in [89]. It  was shown that  h i g h e r - o r d e r  approximat ions  should 
be  used to ca lcula te  the t he rm a l  conductivity.  The p rope r t i e s  of an ionized polyatomie gas a r e  examined 
in [90]. A re la t ionship  is given by means  of which the the rma l  conductivity of such a gas can be calcula ted.  
A number  of papers  have  been devoted to the p rope r t i e s  of equi l ibr ium ni t rogen p l a sma .  In pa r t i cu la r ,  
exper imenta l  and theore t ica l  r e su l t s  on the t he rma l  conductivity a r e  compared  by Penski  [91]. The the rma l  
conductivity is calcula ted at var ious  p r e s s u r e s  with and without cha rge  exchange taken into account.  The 
t h e r m a l  conductivity of a gas due to t he rma l  diffusion in the p r e sence  of chemica l  reac t ions  and ionization 
is given by [92, 93] 

M~Dis (OxJOT)p 
, s, E x , M  ' 

i 

-kRT ~ D~ [( Olnx~ ~ R { ~  1 (D~ x~ DT~1-1] 

The influence of t h e r m a l  diffusion on the exper imenta l  de terminat ion  of the t he rma l  conductivity of 
gaseous mix tu res  is cons idered  in [109]. The r e su l t s  obtained in this paper  c h a r a c t e r i z e  the m a x i m u m  
cor rec t ion  for  t h e r m a l  diffusion in the nonsta t ionary  s ta te .  

According to the data of [109], the co r rec t ion  for  t he rma l  diffusion, XDT/X exp, for  a concentra t ion 
of the heavy  component  of x 2 = 0.1 equals for  the mix tu re s :  H e - X e  iT = 302.15~ approx imate ly  12%; 
K r - X e  iT = 302.15~ N3%; t t 2 - C O  2 iT = 298.15~ ,,,7.9%; H 2 - O  2 iT = 295.15~ ,,,7%. 

T r a n s p o r t  p rope r t i e s  in gases  and their  mix tu res  at low t e m p e r a t u r e s  axe d iscussed  in [94-100, 107]. 
The influence of quantum effects  on the t he rma l  conductivity of a gaseous mix tu re  is invest igated in [96]. 

The concentra t ion dependence of the t he rma l  conductivity of mix tu re s  on nonreact ing g a s e s  is studied 

in [93]. 

We shall  dwell for  a momen t  on the t he rma l  conductivity of wa te r  vapor .  Geier  and Schafer  [101] 
m e a s u r e d  the t he rma l  conductivity of wa te r  vapor ,  ni t rogen,  and other gases  in the t e m p e r a t u r e  range  
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100-1000~ Thei r  exper imenta l  data for  wa te r  vapor  at high t e m p e r a t u r e s  a r e  a lmos t  10% l e s s  than the 
smoothed values of Vargaf t ik  and Zimina [102], which f o r m  the bas i s  of the s tandard  tables  on the the rmal  
conductivi ty of wa te r  vapor  at  low p r e s s u r e s .  Geier  and Sehafe r  did not m e a s u r e  the t he rma l  conductivity 
of argon,  so that  d i rec t  co r r ec t ion  of the i r  values fo r  the t h e r m a l  conductivity of wa te r  vapor  is not pos -  
s ib le .  Vargaf t ik  and Zimina [103] m e a s u r e d  the t he rma l  conductivity of argon in the t e m p e r a t u r e  range  
0-1000~ the i r  r e s u l t s  a r e  in good accord  with theore t ica l  calcula t ions  using an (exp-6) potential .  Fu r the r ,  
Vargaf t ik  and Zimina m e a s u r e d  the t he rma l  conductivi ty of ni t rogen,  so that  the exper imenta l  data of Geier  
and Shafer  could be c o r r e c t e d :  

)~N~, V-Z )VAr,exp--6 
XH20 corrected : ~H,O,G-S ~N2, G-S ~Ar, V-Z" 

Vargaf t ik  and Zimina noted [1041 that  Geier  and Sehafer  did not c o r r e c t  for  the t e m p e r a t u r e  s tep.  
In o rde r  to find this co r r ec t i on  one mus t  know the g e o m e t r y  and dimensions  of the device  fo r  de termining  
the t h e r m a l  conductivity,  the gas p r e s s u r e ,  and accommodat ion  coeff icients  of the su r f aces .  When this 
co r r ec t i on  is made  we then have 

~corrected = ~exp (1 ~- a). 

Fo r  a device of cyl indr ica l  g e o m e t r y  

2 - -  a (2~MRT) I/2 ~, 
a r 1 In (r~/q) (2cp - -  R) p ' 

where  a is the accommodat ion  coefficient  of the tuner cy l inder ,  and r 1 and r 2 a r e  the radi i  of the inner and 
outer  cy l inders  r e s pec t i ve l y .  The lower  l imi t  of q for  the exper imenta l  data of Geier  and Schafer  can be 
ca lcula ted  on set t ing a = 1, p = 20 m m  t tg .  

Theore t ica l  r e s u l t s  for  the t he rm a l  conductivi ty of wa te r  vapor  can be obtained for  the fo rmu la  

3 ( 5  9Drot/~ 

~,= I]R [1~ pDintC~int l~Zint 2 q-P~ / ] n t  
_ 

~1 R . §  2 

The d imens ion less  r a t io  pDint /~  can be exp re s sed  in the f o r m  

9Dint = 1,2Q(2'2)*/Q 0'I)* 
~1 i + 6  

The r a t io  a(2,2)*/fl(l ' l)* ~ 1.1, and 5 is given by 

( 3 ~th~ f~(:'z)* TI R/Cvint [ 5 (IBIc)I/2] -7/2 
6 = ~ 3 / 2 < a ' 7 >  ~ k-T] a (''1)* V ~  IA(IBIc) '/4 4 -4-I-A J ' 

where  < a 4 > = 0.44. 

The equi l ibr ium composi t ion and t h e r m a l  conductivi ty of wa te r  vapor  in the t e m p e r a t u r e  range  600- 
5000~ was ca lcula ted  by Svehla [105]. The t he rma l  conductivity of wa te r  vapor  at t e m p e r a t u r e s  100-6000~ 
and p r e s s u r e s  0.1-100 ba r s  was calcula ted by K e s s e l ' m a n  and Blank [106]. 

The t he rma l  conductivi ty of wa te r  vapor  in the c r i t i ca l  region can be ca lcula ted  using the fo rmu la  
[44] 

where  Xr c h a r a c t e r i z e s  the contr ibution to the t he rma l  conductivity f r o m  diffusion and dissocia t ion of groups 
of molecu les ,  

9~ : 9 D - ~ -  Cpr. 

The quantity DIn/D can be found f r o m  the re la t ionsh ip  
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In conclusion we shall  say  a few words on energy  exchange in col l is ions of molecu les  with a r igid 
wall .  The exchange of energy  and momen tum between the molecules  of a gas and a ha rd  wall depends on 
the p rope r t i e s  of the impinging molecules  (energy,  veloci ty  distr ibution),  the model taken to de sc r ibe  the 
in teract ion,  and on t h e  p rope r t i e s  and s t r u c t u r e  of the wall .  The accommodat ion  coeff icients  fo r  a t r a j e c t o r y  
at a fixed posit ion of a gas molecu le  a r e  obtained by averaging  over  the veloci t ies  of this molecule ,  which 
has  a Maxwell ian dis t r ibut ion.  The f i r s t  a t tempt  to ca lcula te  the aecommodat ion  coefficient  was made  by 
Baule [64] with the aid of the r i g i d - s p h e r e s  model ,  a model  which is not, however ,  sui table  fo r  the ca se  of 
a r ig id  su r face .  The energy  exchange coeff icients  w e r e  calculated by B a r a n t s e v  [65], who cons idered  the 
in teract ion with a su r face  of gas molecules  having an energy  5-10 eV and a r e la t ive  m a s s  ~ = M / m  < 1. 
The energy  accommodat ion  coeff icients  a r e  calculated in [62] as a function of the col l is ion p a r a m e t e r s .  In 
the var ious  models  used to date to r e p r e s e n t  the in teract ion of a r a r e f i ed  gas with a r ig id  wall,  the wall is 
a s sumed  to be  clean (i. e . ,  t he r e  a r e  no adsorbed a toms) .  A second assumpt ion  made  in in teract ion models  
is that the wall is smooth .  Which theore t ica l  model is to be adopted will depend on the r e su l t s  of an ex-  
pe r imenta l  check of the theore t ica l  supposi t ions .  

NOTATION 

T 
k 

CV 

Cvt rans ,  Cvint 
f 

P 
P 
D 
T = Cp/Cv; 
k 
Z 

~ij 
X 

c i j  
w i  
H i 

1. 

2. 

3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

is the t e m p e r a t u r e ;  
is the t he rma l  conductivity;  
is the v i scos i ty ;  
is the specif ic  heat  at constant  volume;  
a r e  the specif ic  heat  due to t r a n s l a t o r y  and internal  degrees  of f r eedom respec t ive ly ;  
is  the Eueken fac to r ;  
is  the densi ty;  
is the p r e s s u r e ;  
is the coefficient  of diffusion; 

is the Bol tzmann ' s  constant ;  
is the number  of col l is ions of molecu les  requ i red  to es tabl ish  equi l ibr ium between the 

energ ies  of the t r a n s l a t o r y  and internal  degrees  of f r e edom;  
is  the  reduced  m a s s  of mo lecu le s ;  
is the m o l a r  f rac t ion  of component  of a mix ture ;  
is the r a t io  of col l is ion in tegra ls ;  
is the m o l a r  heat  flux of i - th  component;  
is the enthalpy per  molecu le .  
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