Iran.d.Chem.& Chem.Eng., Vol.10,No.1,1991.

Pure Res.

THERMAL DIFFUSION FACTOR IN GAS MIXTURES-DUFOUR EFFECT (I)

A.Boushehri

Department of Chemistry,University of Shiraz,

Shiraz,Iran.

k4
A.Maghari

Department of Chemistry,University of Tehran,

fehran, Iran.

{ Received 20th Nov.
{ Approved 26th Nov.

ABSTRACT

1989 )
1990 )

The thermal diffusion factor,aT,for a binary gas mixture is

calculated on the basis of noneguilibrium thermodynamics. A new

formula for aT

is derived and this factor is given for

several

pairs of gases according to this formula.

INTRODUCTION

The term Dufour effect refers to
the creation of a transient tempera-
ture gradient as a result of an in -
itial concentration gradient during
interdiffusion of gases. This effect

was discovered by bufour[1l]in 1872

v
but not investigated until its redis-
covery by Clusius and Waldmann| 2] in
1942. This phenomenon is a result of
energy transport accompanying the
process of diffusion in gases. It is,
therefore,associated with the exis -
tence of a concentration gradient and
may be regarded as the inverse of the

thermal diffusion( Soret effect) in

which a temperature gradient causes a
concentration gradient . Diffusion
thermoeffect (Dufour effect)can yield
information about the thermal diffu-
sion factor and can be used as a
supplement to " thermal diffusion”
measurements.

In view of the local approxima -
tion, the entropy production and flux
density vector are given by:
0=LBB:XB Xa {sum convention)

(1)

]

X
Ay

oot

(2)
where the symbol:denotes the complete

*Corrésponding author
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contraction of the tensors; ~ and N
denote the vector and tensor repre -
sentations,respectively. In these
equations X's and L's are the forces
and phenomenological coefficients, res-
pectively.

For an isotropic mediumthe vector
processes in which the mass diffusion
and energy transfer both occur:
o=J H-z(l/T)-Zig i-z(ui/T) )

(3)
where %H and %i are the flux density
vectors for energy and mass,respec -
tively;ui is the chemical potential
of component i,and T is the cbsolute
temperature. In two components gase-
ous system,if one designates(ui/T) =

f(T,P,Cl),then at constant pressure

2
z(ui/T)=-(Hi/T )¥T+(1/TKBDI/BC1)T'P

{4)

where Hi is the enthalpy of component

X zgl

i,and Cl is the mass fraction of com—
ponent 1. Using the Gibbs-Duhem rela-
tion, fer a perfect gas mixture,it can

easily be shown:

2
g=-{1/T )%(I.XT—{1/22T)(Bul/acl)T’P
21 4% (5)

-TH.J (8)

ngH ivi
The comparison of eq. (5) with Eg. (1)

with: J
“

and Eqg.(2) gives:

2
Xgw /T )

v

== (1/L,T) (3u /0T,) VL,

X1 (8)
On the cother hand,thermal conduc-
tivity,diffusivity and thermal dif -

fusion factor are defined,respectively:
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2
A=T T
qq/ (2)
D, _=(L T i
19 ( 11/952 )(aul/acl)T'p (10}
-1
o =(L, /L _¢_ )(du. /353
T 1 1171
q ol e (11)
where p is the total mass density.

Using the Onsager's reciprocity law

(qu=qu)and substituting eg. (7)-{11)
into eg.(2),one obtains:

J  ==AVT-
3 g = NTey (/0 a, 9z

P Dl2 Tl
(12)

for heat conduction.

The energy conservation equation
in local form is:
epH{r)

5t ) (13)

==V.J{r
AV PRV

where H{r)
-

nian of the system{energy per mass).

is the classical Hamilto-

In the absence of convection, eq.{13)

reduces to:

DCP(BT/at)=-X.Qq (14)
where Cp is heat capacity of the
mixture. Substituting eq.(12)intoc eq.

(14),it is found that:

= ] ¢
pcp(aT/at) z.{A§T+ol( ul/ Cl)T'P
DlZGTXCl} {15)
At the maximum temperature, the left

hand side of this equation is zero ,

hence:
. .
AT a1 PV 7889 ) 008, 7K (T
{16)

where 5(t) is a function of time only,
and of course independent of coordi-
nates.

Using eq. (16) ,Rastogli and Madan
[3]nhave calculated o

T
zero;while Boushehri and Afrashtehfar

, SUPpPOsing K is
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[4]have considered as a constant

being dependent to the geometrylaf the
diffusion apparatus.

 In this article,we are interested in
exact calculation of the thermal diff-
usion factOr,uT,accofding to eq. (15).
The values obtained for some pairs of
gases are compared with those found on

the basis of the Kinetic theory of gases.

Theoretical Calculation of GT

Consider the infinite system

sketched below. Suppose two pure
gases (labeled with subscripts 1 and
2),initially at the same temperature
and pressure placed in the regions 1
and 2,respectively.

The temperature is monitored at points
X

1
the origin(intersection of gases).

and x, symmetrically placed about

That is,xl=-L/2 and X2=L/2.

Y
o,

Xl=[L/2

3T/Bt=nd2T/dx24—£d2Cl/dx2 (17)

where:

£=(pl/pCp)(Bul/acl)T

[a ]

{18-a)
n=AseC (18-b)
eqg. (15) can be written in one dimen-
sional form as:
To and p, are temperature and pres -
\sure,respectively.
k~Boun<ileu:y conditions of eq. {l17) are

48

T(—DO' t)=T(wr t)=T (XIO)=0
Following deGroot and Mazur's

[5]treatment, in considering the dif-

fusion equation one may neglect the
thermal diffusion;therefore:
2 2
Bcl/at—D12(3 cl/ax )
(19
with boundary conditicns:
’ =0, —m, = d
Cl(m t)=o cl( t)=1 an
Cl(x,0)=8(x)
where B(x) is the Heaviside unit

step function defined as:

1 x< 0

O(x)=/"ax"'§ (x')=
X

0 x>» 0

§({x') is Dirac delta function.

The appropriate solution of eq. (19)is:

Cl(X.t)=% Erfc[x/2(D12t)%]

(20)

where Erfc is complementary error

function. We may write eqg.(l17)as:

AT/3t=1(a%0/ax ) 4y (£)  x (x,t)

(21)
where:
- ho-1

Y(t)~[4D12t(ﬂD12t) 1

(22-a)

2

% (x,t)=Ex exp(-x /4D12t)

(22-p)
By using the Fourier transformation

technique, eq. {21) transforms to:

dr(w,t) /dt +nw2T(W.t)=y(t) K (W, t)

(23)
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and the sclution of this eguation is:

T(w,t)=f 7 expl-nw® (t-t) ]y (e

A (w,tt)ac (24)

where: _

Lot =(2m 0 ax ™ ¢ L)
(25)

and: .

T(x,t)=(21) ° I: dw e 7 T(w,t)
(26)

The appro~riate solution of egq.( 25)

is:
o L 3/2 ~ 2
X{w, t )—1€(2D12t ) w expl D t'w )
(27}
Inserting eq. (27) into eg. (24) and

substituting into eqg. (26),and integ-
rating it over the w and t',the final

result is:

-1 1_=:
T(x,t)=4%5(n-D,,) “{Erfix/2(D t)" |-

12
Erf[x/2(nt) |}

(28)
The measured temperature difference
is defined as:
6T=T(x2.t) - T(xl.t)

(29)
If eqg.(28) is substituted into eq.

(29) ,the maximum temperature differ-

ence, 6T ;would be found as:
max

1
2nln (n/D. ) *

_ B -1 12
6Tmax Y En Dlz) {Erf%L4~—7;E§;———q—
2D _In{n/D..) »
Srfhy [ —22 — 12 17
=2 (30)
can be determined

Values of 68T
max
experimentally.

Putting eq. (18-a)into eq.{30),the
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thermal diffusion factor, QT ;18
obtained:
_ p(anl2)Cp 6Tmax 0
o =
T Do, (3. /35,)T ,p
1271 1 1" 0o o (31)
where:
2nln(n/Dl2) b
2={Erf% [ = 1 -
10
2D, _In(n/D,.3) % -1
12 12
Erfk [ ] 3
n=Dy;
(32}
Thus,estimation of the thermal

diffusion factor,through eg. (31l)is a

rather easy task.

RESULTS AND DISCUSSION

If we assume the gas mixture iz

perfect,then eq.(31)can be written as:

{(n-D,_)C_ &T

12" 'p max

= M -M_)+M 18
% D. _RT [2) (M, =M Tamy ]
12 o
(33)
where Ml and M2 are the molar masses.

Eg. (33) ,along with experimental éTmax
values allow the estimatien of the
thermal diffusion factors. The regults
of such cal¢ulations for some gas
pairs are given in Table 1.The wvalues
of the thermal diffusion factors
obtained directly freom thermal dif -
shown

fusion measurements are also

for comparison purposes. The lack of
close agreement between the theore -
tical and experimental wvalues in
some cases,may be due to the use of

pure component values of A,p. and Cp

1

in eg9.(33),as well as the imperfect

nature of the gases which has not

been considered.
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Table 1: Comparison between theoretical and experi-
mental values of thermal diffusion factors

for some gas pair mixtures

System GTmax aT,from aT,from thermal
eq. (33) diffusion mea -
surements
a b
N2/H2 0.18 0.38 0.34(288-373)
He /A 0.26° 0.33 0.37(288-373)"
CH4/H2 O.l3a 0.19 0.22(190—300)b
He/cO,  0.30° 0.44 0.44(366)°

a:The values of 6Tmax measured at 25 C and 700
torr reported by Ref[6 ].
b:Ref[7 ]

c:Ref[8]
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