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ABSTI\ACT: The transport coefficients for a binary mixture- of hard spheres

which originate from Thome's kineric equation ccrrected for incon.

sistencies thar appear when evaluatins collision JepenJent quanti.

{ies, are obtained explicitly. The experimentally measurable

quantities related to diffusional ptocesses and rheir compatibility

wirh Non.equilibrium thermodynamics is di scussed.

In a previous communication, 1 we have pointed OUt sorne inconsistcncies
.chal arise frorn (he specific way in which collisional dependenr quanlitics which
arpear in Thorne's me(hod to obtain transport coefficients, are e\'<lluated. In
particular, (he correcr exprcssion fm the diffusion forC(' is.
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result IS

(he notarion bcing rhe standard one2• If (his (orce is used in the kinetic
equations for the mixture and cate is a150 caken \\.h<:n the potencial contnbution
to the fluxes of molecular properties during collisions is ca1cuiarcd. namely, by
choosing aplane passing through the paint of contact between the molecules,
the following rcsults are obtained

a): The coefficient of diffusion as well as the shear viscosity Cor me
gas are ¡dentieal ro Thorne's results. The thermal diffusían ratio
is X

12
times the value quorcd by Thome. This could be a misprint

af ao error in his calculations bur ir is ¡ndependen! oC d . A sími-
l2

lar earoment applies to the thermal conductivity which is kili times
Thorne's value, kn beiog Boltzmann's constant.

b): The bulk viscosity uf thc mixture is given by

<ó>howingthat it is ao eHect ilt least of order n2• This
identieal to the one obtained by Tham and Gubbins3.

e): The corrected form of J
11

••hows itself when the cxpression for the
diffusion flux is compared wi(h those based on irreversible thermo.
dynamics and the resulting transport codficienrs are given in terms
of those used by experimentalists.

The exprcssioo used by Thorne for the diffusion flux is the standard ooe2

In kinetic theory, namely,

dI'
-- )
dr

This equation is almost identical to (he one used in irrev(:rsible (hermo.
dynamics. ",here JI2 is a known expression given in (erms of (hermodynamic
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quantltics. If one now uses eq. (1), (he corrected fmm of Thorne's diffusion
force and compares it with (he corresponding (h<.'rmodynamic force comput<.'d
fmm (he equa(ion of S(atc for (he binary mixture of hard sphere.",5 on(~ finds, in

powers of densi(y, rhe following resu!(s:

i) :

ij) :

'1'0 zero ordt'r (corr('sponding to (he dilu(e mixture) ho(h vectors art'

identical.
(TI

'1'0 firs[ ardcr in (hc dell""i(v el e(j. (1), dO(,:-; no( correspond to
(11 ) - 12

el (lIirschfeldcr's expression, cL rd. (,'1)) bUI (hc differ<.'n<."<:IS
12proportiona! (O a [erm cooraining rhe.: tempera(ure gradienr.

lIenceforth il is possible ro re-arrange the (erms in [he.' righ[ hand
. d f ) I .. (11 ISI eo eq.(3 an( CaS(lllnel fmm, Whenthi:-.i:-;donethedif-

12
fusian flux is consi:-.te..1l1 with irreversible [hermodynamic:-. but till.o'
(h,:rm:CJi "(!usion ralios art: diffef("IH. In facl, ooe c;ln show lha(
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To [his order in {he dt.'nsi(\' the diffusion codficienc •.•IJ ar<.' (ht,• 12
same In borll cast's, (ahhou}2:h car(' musl h(. (akt.'n for diff<"f("H 00-

r<ltillrl",1

~li): 1'0 ~ec'lOd oh.in in (he tiensil)' tht.' difft.rt'nct.' bet\l,(.t:n {he two ell2
vectors i s much mort.' complica[('d. oamdy.

eH j (,1') 2 a -a u - u { O" J d"2 }dJ2
¿ ~_U a 1 : 1 : (Y + a-'-------

1~ , : 2 " .,. u , 2 ~IR 1
..

(5)

plu" a [<:101~roro~~i •.)n"j t') ~, te.'rHI'('raaHe ~radit'n[ which Ola)" be lll-

dut!((\ ¡n í<r TiHl' .. ':'<;. (5) s!wws (ha~ (~) (fll~ orJc..'r in rhe d(,llsilY,
Tllorne's cnrrec[(.d f¡;rcl' is iIlCIHISi,;t':lll \.lIr. irr("n'rsihle [her01o-

¿\"namic s.

l-ina!ly wt: have r('13teJ (!le diffusi;.~n CI.'c...fflcien( and the [h('rmaldiffusion
r;ltio obraint:d from kint:tÍc rheory \\i[b [!l., ~"~"'" f;~r •.1iffusi\mal tran."pon coef-
fici('o(s which are mOf(o c!osely adilp[('d tu c..""p,,:flmt:flla! mt:<lsurem<.'ntsb•

7. In
rcfs. (6) and (7), lhe diffusion co('ffici('n[ n i.•.•rdated lO IJ

1
! app<..aring in eq. O)

[hrou,2h (h<.' expressioll
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whefe e i ..••(h(' m.l..••s cOI'Cl'n{fa{ion
f I • l _1

o dl(' mlxtufe, fL = m J-1- - m 11
(11) I 1 2 2

no{ idenrical co K.,. bUI ,He fciated

of species 1 and J-1- is [he chemical potenlial
1\lso. me chefmal diffusiotl rauo us(.d i",

chrough che expfesslOn

(7)

( 11 )
which (hus felatt." 1\..,. wich K.,.. This quanlity is al so fclatcd ro lhe ~on'l
and Dufouf codficienls, {he ft.lation .••hips nmong all of them being well known7.
The delads (lf all rhe ca1cul,uioll'" hearillg the fL'sults quored in this J",n':f will
be published ('I..••(.whu( ..
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RESl;\! E:-;

:-\1..'obtienen explícitamente lo ...•co(.ficieTlt<.s dl' transporte P,l[,l una m('zcla
binaria d(. (....•(era." duras, calculadas a partir de la l'cuación cinética de Thorn(',
una \.("7 que se han ('(lrre~ido al,'(una." inconsi.'>lencias que aparecen al calcular
cantidadl s dq)cndll'n{e .••dl' 1,1coli"iún. Se disculen también cantidades ml.di.
bies ('xpefim('n{alml'III{' relacionadas a proceso ...•de difusión, así como su compa-
tibilidad con la [('rnwt!inámica funa dl' equilibrio.




