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GENERAL INTRODUCTION AND REVIEW

OF THE PREVIOUS WORKS




The prOCFCS of: thermal diffusion which was predicted
theoretlcally before it was observed experimentally arises when
a temperature gradient is established in a uniform gas mixture |
of two or moreopureAcomponents.'The larger and the heavier mole;
cules move towards the coider region while the.smaller and-the
lighter ones in the reverse direction producing thereby an
appearance of.difference.in Concentrations of th& mixture' o

c0mponents in the direction of lowering the temperature. Thus the

thermal diffusion is regarded as the second order kinetic effect,
This difference in concentrations in a uniform mixture set up by
the temperature gradient produces the'concentrathn“gradi?nt to
allow the ordinary diffusion which acts in the opposite direction
tendlng to annul the thermal diffusion flux. As a result of the
joint action of these two processes, a steady state is reached |
when an equilibrium concentration gradient sets in due to the
temperature gradient |

There are several reasons for the investigation of the
process of " thermal diffusion°
| | (1) It is particularly a convenient experimental tool
to separate stable isotopes,

(iij It can be used as a perturbation factor in‘various
physico—chemical processes, | | ;

(iii) It has a wide application in a nunber of natural

phenomena, such as flames, astrophysical probiems and nabulae and

(iv) It is very much sensitive to intermolecular forces

between unlike molecules in a mixture and hence it is widely



used to study thg néture.of unlike forces between thé"éompﬁﬁenté
of the gas mixtures. |

Thé phenomenon of thermal diffusion can not be.exﬁlained
by simple molecular kinetic iheory thCh we'use'with some sﬁccess
to explain the,o;dinary diffusion, This is why.thefmal'aiffusion
was not discovered for such a long time. It was found that an-
appreciable part in this phenomenon is played forces of repuision
between moiecules of the components upon their collision. It may'
be considered that these forces diminish with an increasing: :
distance r between the moleculeé to an approximate'fofce:iaw.
F = ff lﬁ ). If n>>5; thefmal diffusidh‘ﬁr0ceeds.invthe directién
indicatgd above, if n{ 5, the sign of the thermal diffusion
differépbé“in‘concentrationggis reverséd, and finallf'if‘n % 5

thermal diffusion is, in general impossible.
The equation of ordinary diffusion is

ci(vi - V) = gicjlvi-vj) = -Dij grag cy ~‘u(;.1)‘

‘where, L
Vi'and‘Vj are the'reIatiVe'vélocitiesmbf thé'components ’
i and jo - . -

V = mean velocity. -

<y and cj are the mass fractions of the components i and j.

The existence of thermal diffusion makes it necessary to

add another term to eqn (l1l.1) so that we have
c.(V,=V) = =D grad c. - + DT-‘grad T .- (1;25j'.,-
iV i3, iY== R T -



where, Dij is the interdiffusion co-efficient and DT is the‘

co-efficient of thermal diffusion, its dimension is obV1ously .
the same as that of D iy in gm /sec. But unllke the co-effic1ent |
- of diffusiQprDT is v1rtually 1ndependent of the concentrations,'m
the co-efficient D the thermal diffusion co-eff1c1ent is prOpor-

tional to the product of the concentration of both the:g6mpohents~

i.e. ci and cj
' L D -
. T = 0<T ci.cJ
ij

or D, =c>(TcicJDlJ -

where, c, and c; are the concentration of the lighter and the
heavier ones. Hence the eqn. (1.2) becomes

~ . D, ;c,c o( | -
¢i(Vi—V) = —Dij grad c, + i1 19T grad T

1 i o
c. iy grad log T - grad ci) | (1.3)

j T
Since grad log T = % grad-T,
where oC }1s def ined as the SO called thermal diffu31on factor.
It is, exactly ‘the. constant that depends upon the propertles of =
- a mlxture belng separated particularly on the exponent n in the
above mentloned force law i.e. F =f<__}__> the law of dlmlnish-lng
n o ,

of roce of repulsion between moleculest

_There are'several arrangements to perform the thermal
diffusion experiments in the fabdfatory.AThe-apparatuses commonly
used\are‘two bulb, trennschaukel or swing separator'andfthe

thermal diffusion column in fact abbreviated by T.D. column.
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Thermal diffusion column may exist in two forms : hot wire
" column and hot wall column. The 1nvest1gatlon under the present
thesis is concerned with T.D. columms either hot wall or hot

wire available. in the literature.

THE TWO BULB APPARATUS:

B It is the simplest épparatus to measure the thermal
diffusion factors in a gae mixture. It wes first used by Champman -
and Dootson1 in theirAﬁirst expefimehtal,demonstratioﬁ ef'ﬁhe
- thermal diffusion phenomenon iﬁ-gas_mixture. It consists of two.“
bulbs joined by‘a tube haviﬁg a étOp cock (Fig. 1-1) The appara—
tus is filled up by a gas mlxture of knowrn - conCentratlon and’

a temperature gradient is established by keeping the two bulbs
at two different temperaturee. Theutep bulb is always maiptained
at a higher . temperature in order to avoié‘tﬁe convection eufrent.
When the steady state is reaghed a‘resﬁltant concent;ation m.>
gradient is set up due to the applied temperature gfadient; The
samples of gases are then taken from the top and the bot£0m
bulbs in order to analyse the compositions., For a two eomponent
mixture under a given temperature gradient the general diffusion
equation can be written as

vy, = ________[D{ <) k BL’n,T

T 27

where Vi'éhd'vﬁ are the diffusion velocities of the ith and the

-~

jth components respectively, hi and n

. j

are the number densities



of the ith  and jth species and n is the total number of density.
/D, /. is the diffusion co-efficients and Xy is the thermel
diffusion ratio. When the equilibrium condition is reecheé_so'
that the diffusion velocities are zero, we have from tﬁe.a5oVe1
_equation |

a<)'kat'n_|"

T T. 87‘ : | | - : ~(11.4).

Eqn(l 4)when expressed in terms of the thermal dlffu51on factor
oCT where dCT kT becomes

X, X, -
1l ) .

g%‘ ‘: -— oC | %; % __3_ L’TbT | | : .. ' .(1,5;.

where x, and x, are the mole‘fractiohs of the cémponents i

and j of pure gases forming a mixture. It is ihmaterial whether
‘we use ci_and-cj in place of Tole.fractions xi-end gj_ﬁo£s;gnify_“
the'mass fractions of the lighter and the heavier components |
of the mixture respectively, because of the very definitlon of

Qg the equlllbrlum separatlon factor of any blnary mlxture.

If (x /k ). and (x /k ). represent the retiosfof

j tep bottom .
the mole f:actlegs of the 1;ghter and the heavier compohenﬁs'ef”
a mixture at the top, the upper bulb and at the»béftem;'the '
lower bulbs reépectiyely at the temperetureé'Th and T;”féspéc-
tively, we then write by integrating the eqn (1.5) in the form:



Top
| Ty ]
dxl =o<.T ' f dIlInT
“pottom *i%j T - -
T
or, 1n (x /kl) =OLT,. ln h
(/%) - T,
bottom
o . T .
or, 1n q_ =% 1In _T_D (1.6)
C
{x /k ,
. - = t V ) 1 )
Whe-re qe J Op i.s_.kn.own___ﬁa:s the equilibrium

) (x 1%’ bottom |
'separatlon factor. Thus the dlrect evaluatlon of the thermal

diffusion factor L, is possible from eqn (1.6) onIy byfmeasuxing

Th? TC and 1n dg

L oLT‘= in q S o ' (1.7)

h "¢

which is supposed to be a mean value of the thermal diffusioﬁ
. ’ 2 :
factor in the temperature range Té'to Th. Brown had shown that

for given values T, and T, a temperature T could be found out

corresponding to the actual value of dLT at that temperature

- T
T o= Th + Tc 1n h

- : B
Th Tc c

(1.8) .

~“The two bulb apparatus though it is believed to yield the actual

thermal diffusion factor of a-gaé mixture at- a temperature. given



by eqn- (1.8), it has a few limitation. The separation in this
apparatus for isotopic and isobaric gas mixtures is very low thus -
inviting.an enormous error in the wvalue of qé’aha'hence ofieLT

. When the mass difference betweéhlthe"ébmpohents of a gas'mixtﬁre
'ais very large, two bulb apparatus can be used Wlth greater |
advantage. Moreover after the attalnment of steady state thev
middle stop cock.can be closed and the sampllng of the gas

mixture could be done without dlsturbing the system. Theﬁdlfferenée
of temperatgre T, and T_ should"alse'be made very large in order
to obtain the apereciable separation. This fact also invites\a.
larger error in estimating the mean temperature}T‘foréér to be

measured,

However, for measuring the small'el, values of isotopic
gas mixtures an improved apparatus known as trennschaukel or

'the swing separator is commonly used.

THE SWING SEPARATOR:

It is usually called trennschaukel first designea'by '

Clusius and Huber>‘?

in orderrto get enhanced separation of -

a binary éas mixture. They connected a ﬁumber‘of'two bulb
apparatus in series. This device is also called a sw1ng separator.
It effectively obtains multiple separation with cons;derably

less operational effort, and 1s accordingly used to measure
isotopic thermal diffusion for which &, is small. It is also
useful for measurement in whichfﬁT is not small, sipde smaller
temperature differences.are ﬁéééea'éﬁd“ihé temﬁeratﬁre-assign-

‘ment for the mean temperature is theréfore more” accurate.
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A schematic diagfam'of the swing separator’is shown in
Fig. (1.2). Each two bulb stage of separation is comstructed as
a vertlcal cylinder of uniform diameter. The stages are j01ned
in series by capillaries which connect the bottom of stage I
to the top of stage 2, the bottom of‘stage 2 toAthe top ef the
stage 3 and SO on. An OSC1llatory motlon is given to the gas so
that the volumes of gas are continually interchanged between the
bottom of one stage and the top of the following stage. As a
result of this mechanical mixing,‘the gas compositions become
equal at the bottom and at the top of two adjacent stages, and
the overall separation factor Qe of the apparatus as described.
above is simply the product of the separation factor de for theﬂ

individual stage.
N (1'9)

fcr n stages; To maintain the constant temperature at the end
regions it is also considered that the'equilibrium?time?shouid
be as small as possible,. The equilibrium time fo;.an”aSSembly,of
n tubes is proportional to n2 which means that small nﬁmber'éf
tubes should be employed. The thermal diffusion factor oC

any binary gas mixture can-be-—found- out in-the- follow1ng way;

For a single stage of a trennschaukel

_ in g (1.10)

T)single stage

'tn (ih/Tc)



Thus for n stages we have

, 1/n
ol - In qg = 1nQg , =1 in Q
T ~ , n
ln(Th/ﬁc) ln(Th/Tc ) ln(Th/Tc )

o (1.11)

where, Q_ = (xi/kj)T / (xi/kj)B, where x, and X being mqlé'
fraction of the lighter and the heavier components at thé'top
and the bottom of a. tube, The>swiﬁg separator fundtioﬁing iﬁ

the manner as described was demonstrated by'Clusiusf.and'"1~'11'.1b‘er“'~
(1955) with & six-~stages apﬁaratus with H, - CO, mixture for
whiéh aCT had been previousij measured by the twé'bulb‘technique.
The swing'separator;has since been recognized as beinglé valuable
instrument for the measurement of isotopic thermal diffﬁsiéﬁ:'
factors oCT. The apparatué.is thus dlearly a useful devicé |

capable of yielding accurate result, but it is,suséeptible to

more types of errors thén in the simple two bulb apparatus.

Thermal diffusion Column:

When the mass difference between the components of a
binary gés mixture is very -Small as in the case cf isotopic

gases and even for the isobaric gas mixtures like N,-CO.

_N20-C02, He-HT etc., where the mass difference are practically
nill, the thermal diffusion column technigque could advaniageousiy,

be used to separate them. It was first invented by Clusius and

5,6

Dickel”*” in the year of 1939. There are two types of thermal



fdiffusion,columns usually used in practice'hamely (i) Hot'wire
't?pe thermal diffusion and (ii) Hot wall type_thermalvdiﬁfusion
N A A :
The hot wire type thermal-diffusion COlUmn'COﬁSiSté-of a
long vertical wire surrounoed by a coaxial cyllndrlcal tube, the!”
out81oe of Wthh is jacketted through which water is c1rculated
to cool the outer siﬁe of the cylinérlcaL-tube:-The w1re~wh1ch.‘
" runs along the axis of the coax1al cyllncer can be heated
electrically. The temperatures Th.and T of" the electrlcally
héated wire anc the eold wall of the tube produces-a temperature’
gradient along the horizontal“direCtion. A gas mikture"offkhown
concentration is introéuced into the annular epaee betWeeh the
hot wire and the ccld wall.oflthe veitﬁcal eylindriqal tubé;.The

h
wire ané the cold wall thus applied gives rise to the.herizontal

transverse tehperature gradient between T .and.Tc of the het

concentration gradieht in & uniform binary mixture due to thefmal
diffusion. A vertical convective motion of the gas starts along
the hot wire in the verticaliy upward direction and elong thel
inner wall of the tube.in'the vertically downwerd directioh
respeetively.-The heavier eomponénts which move toweras the .

cold wall and the lighter‘cemponents towards the_hqt_wire.due,

to thermal diffusion, are thus taken by this convection current
to the bottom and ‘at the top of the celumn fespectively; Finally'
an enrichment of lighter component at the top ané the;heavier
components at the bottom of a'coluﬁn occurs. Althoﬁgh-the:

separation'preduced by thermal c¢iffusion is balanced by the’
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remixing effect dque to the ceonvection currents and the'béck',
diffuéion caused by the longitudinal concentration gradiept stiil
the separation in this type of device is many,timeé larger than
those oﬁ"trennschaukel and two bulb apparatuses th&ﬁ are.cémmonly

used to observe the thermal diffusion phenomenon.

For some gas mixtures which may decompose:when”it will
come in contact with the . heated wire, the hot wire colum ¢dn
not be used to separate them. For this reason and_to get'fﬂé
larger values of the separation factors than a hpﬁ'wire type

7

Brewer and Bramley’ modified the hot wire column by replacing

""the central hot wire by an ihdiréctl§ h;ated‘tube‘coaxial to
the outer cold wall tube. This modified thermal diffusion column
is known as concentric cyliqdrical hqt wall thermal diffusion
column. The construction of such column although 1§"Vef§'diffi;
cult still a more accurate geometry can be achieved with it. The
main advantage of using the hot wire type thermal difquion

column is that it is easy to construct and a larger température

gradient can be established dcross it.

Recently Vasaru-et a18 have improved tﬁe golﬁmh techniqﬁes
to obtain the higher separation ahd hence the y;é;qw§fé;ar¢ ‘.
isotopes of a particular type per day. Vasaru et al found the
condition Qf optimum yield for‘a large number of columns, sbme
of whiéhfare placed in series and éomelare'cOnnected in parallel.

A large number of workers Ce J. G, Sliekerlo (19657,‘T;I.

12

Moran and W.W. Watson11 (1958), J.W. Corbett and W.W. Watson

(1956), S.C. Saxena and S. Raman13(1962), J.L. Navarro, J.A.
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Madariaga and J.M. Saviron14 {1983), J.M. Saviron, C.M. Santama:ia,

J.Ae Carrion and J.C._Yr2a15(1975) etc, tried - to improve the
column theory in order to_obtain the - exact values of the therma;
diffusion factors of a large number of binary gas mixtures, but’
their results could hardly be explained with the "%heoretical‘
L 's based on either elastic and 1nelastlc c011151ons included.
T 16,17,18,19,20,21
in the formal Kinetic theory. However W.M, Rutherford
et al from 1965 to 1982 performed thermal dlffu51on experlments
on a large number of isotopic mixtures of noble gases by thermal
diffusion columns of comparatively long geometrlcal'lengths and
the values.oﬁ 1nq, thus obtained ere fourrd to beAlarge‘which at
once demands the accuracy of the.measurements of lnqe to a lafge
amount, Ih recent years E. I. Leyérovski, A.J. Zahariev and J.K.
Georgiev?® (1987) set up thermal diffusion column of length |
230 cm and r, = 1.5 em, r, = 2.5 cm and determined A, with a
thermal diffusion column over a large intervals of tempefatures_and
pressures., It can be used‘fer the investigation and,oétimisetion
of the influence of main thermodynamic parameters in “the procéss
of sepereéien of gas mixtures in a thermal diffusion celuhn;

They deduced an equation from Rozen?> (1960) whieh is given by:

X, = 1RO+ 100 )/0N - 1m0y o 1a2)

¥,
'ln(Th/Tc

where e

Q=% et @, =(1-%)/(1-%)

Fo
It
so

[¢)
4
o
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AT 5T

» - 1008M D T
1, = 360" DT
' PHAT &%

but e

AT=T - Te

and T _[jf;—[j"llc Ln 1\3
e BaT

and 'I;% - IC; I~~-

where hb is the transfer unit height (TUH);'hC and hy dre the
components of TUH; N is the number of TUH, h is the geometrieal
length of the column, Q and QH are the degreee’of'sépafaﬁien'

of the light component and the heavy component respectivelyf

‘which are the functions of the pressure at COnstant average tem- -

perature. T is the logarithmic averaged temperatﬁre, f)ls the
_Gensity of the gas mixture; b ;s the coeff1c1ent of matual

| dlfqulOn,'rllS the v1sc051ty ‘of the gas mlxture and g is the
acceleration due to gravity. x 1 and X, are the gas concentratlon
of the ligﬁt-and the heavy component, 'I‘h is the temperapu;e of
the hot wall and T_ is the temperature of the cold wall of the

_column respectively.
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- . . 5
‘The equation (1.12) is derived starting from the Rozen 3

(1960) equation

1/q o
In(Qp~ QO ) = (H/K)h o Lo (1.13)

where q is the coefficient of separatioh being a-funotion of
pressure, and is given by

. ol
q =(T; /TZ ) 5

H and K are the well known transport coefficients of Furry,
Jones Onsager (FJO) theory. Obviously, in the c¢ase of isotopic

or very dilute binary mixtures, where (q-1)<< 1 eq. (1. 13) is

essentially equlvalent to the general equatlon of the FJO25

theory
InQ=1n (g - Q )= (B/Kh . (1.14)
It should be noted that eq..(1.12) is somewhat different from

the eqguation derived from the ‘classical Furry, Jones, ‘On'sager'z’5

~(FJ0) theory and commonly used in determination of aL in thermal

dlfoSlOD colurmn (TDC). Rutherford angd Kamlnskl (1967) have shown

that the FJO25 theory is appllcable mainly in the case of isotoplc

binary mixtures or in the case of a mixture in which one of the
components is in a trace conCentratlon in a relatlvely lowe;
total-pressure of the binary mixtﬁre, The,quzsﬁtpeoti¢was~shown
to be'valid in such conditions, the theoretical values of column

coefficients being obtained (Rutherford 1982) by computer
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integration 6f the appropriate EJ24 expressions for comparison

with experiments, performed by Rutherford and Kaminskil’ (1967).

Le£ us now consider a thermal diffusion column as shown
in Fig. (1.3), which consists of two concentric cylindefs as the
hot and cold surfaces. The outer surface is of radius r_ and is
kept cooled at a temperature T_ called the cold wall temperature
by circulating water through a cOncenﬁric jacket-surfdunding the
cold wall. The inner cne is of radius r, called the hot wall"
fédiusiégamis'maintéined at a temperature Th called thé Hot’wéll
tempera@ure such that rc> rh and Tc<frh. The angulérigap is.
filled up with a uniform gaseous mixture to be separaﬁé@.,

The hydrodynamical equation in cartesian coordinates??
is given by ( div M grad) v =.grad p ~-Pg | ; - {1.,15)
which reduces to the following fogm;ig'tpe_cyliﬁarical coofdinéﬁe;

]

(r,z) as @ is symmetric w.r. to ve1001ty v

JY’——B%’( d”) dl':' A | "'..".(1.1.6._)

"where v is' the convection.velocity parallel to Z—axis; D = pressure
of the gas, g is the acceleration Of gravity”ét'a‘plééé;iand TL”

is the coefficient of viscosity of~the mixture of mass density

/9. In the region of the column tube the temperature gradient 15

determlned by the conduction of thermal energy alone{ If 27YQ

measures the rate of flow of heat per unit area per unlt length

h | , O Caease
106874 s A

BRSL sererDEpEE
[ 5 APR 189§
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of the T.D. column we have

aT

27‘@—-27“(’};( 0“,,).

or -L--'_..._...@« o

* dp PA AT

wm D __8. 2 S

? 97; 'p?\_ 3T N Lo Gan
~which shows that g; is én operator which coﬁld} however, be.
o replaced in terms of the opeégtér-%;f . The symboli&.is the

coeffic1ent of thermal conduct1v1ty of the blnary gas mlxture.

Eq. (1.16) thus becomes withnthe.help of eqn,.(l;l?):

o
a (nav) p"/"&
A 0T \A 9T/ 9Z
with the boundary conditions that'V(Th) = V(TC) = 0..e. the =
velocities of the fluids at T = Tﬁ and.T = Tc ﬁaﬁisheé;
Now,'the equation for the transport of the speéies 1
i.e. the lighter component aloné the tube is J& where .

(1.19)

1 =PV +pD, (—-8md C, + &Tclcz 8waql LnT)

S (1.18)
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where ¢, and c, are the mass fractions of the lightér and 'the

- heavier components of the‘gas mixtures, D12 is the diffusion

coefficient .of the mixtgrerwand-vi~18~the-vélocify of the lightef
_.component along the tube,

The equation of continuity in the case of fluid motion is
;Q—( c.) +div J, = O . : (1.20)
2% P, 1 o
which, in the case if stationary condition is div J1= O, as
oA,

3% = 0. On taking divergence on both sides of eqe (1. 19) we have

since divF = ra o (ra F) 1_"oFe _|_

20 az -
Cill?én___(idl?QDCTIZ)-+-OLU9[}D ( g(uldij_+_oCrClC2 8 J)]
| [ 8‘nad. T =4 201

=5 55 (") + 53 (P %) %%[W{PD

"gg*'d*&cz aT)}]*’az[’a _(’ )] .Ol

EH
T (/0 12 -f—a73 [/O { BC, OéTC" —2 BT ]

aq
' /0 12, BZ )“‘
9¢ ’a oc¢ ol C
7 o1y, 3 2[5, 8w e o]
. 2. :
ac .
-~ D’2—2—~Z—12~ =0 | (,;-21)'
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or

Since vlz is not a function-of Z and = = O.for'ﬁhgﬁsta@ionarij

oz

condition of the gas mixture, we have

o7 /D 12 '@Y’ T /0 1Z a /092 5_2-%___ (1.22)

L - I : . ) '
which in terms of —— operator in places of —~—= as given .
by eq. (1.17) becomes

Q-'a /0[12 3C, cl CTCQ C .
AT\ A /12T /0 Iz BZ /O 2 39z (1.23)
As done by Fﬁrry, Jones and Onsagar25 we can,'at present omit the

a Cy , . '
term /OI%Q E)ZQ': which gives rise to the effeét of longitudinal

diffusion. This can however be included later on in a very simpler

way. Hence eqg. (1.23) is then

. (ﬁ%}[aq drCyCy ] — ac1 e
BTNA /LT ~ 7T - /o 29z .

(1.24)

Let us now introduce a function G(Z,T) defined by
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where J, is the radial component of the flux of the species 1

per unit area and per unit time given from eq. (1.22) by

T = oD | =0%  KrCiCy 9T

/O & acﬂ OCTCi Ca
2 PX 2T T T

(1.25)

Thus
TJAG{ Cre
%%Q(Z,T) 7D, r Db, Y’A [ 9% TC1C2]
_ ARG onCyC |
o oT ‘%’“]
aci OCTCi — 1 BCi . .
9z T gt ez GC.('Z) T) L (1.26

Eq. (1.24) with the help dbeq. (1.26) finally becomes )

2 [APDs) 1 929G ; ?ﬂ"‘g _8_@1

a (?3.) aZ&(Z = 2/07}1558'

or, Q_(PD@) 3¢ N A e ac
IR A T Are o, 32

(1,27)
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from which we can obtain Vige Cancelling‘ %%%i from both sides

of eq. (1.27)

— 1 ° (ADy
T AP0 ’aT( X Q(Z’T)

?)_T-}Q.Q 25 ﬁaT {&D'Q‘ & (=, 'T)}

L (1.28)

where G(2,T) is the master flow function and it can be shown that

it is a function of temnperature aloné i.e. G(T).

The hydrodynamical eguation so far deduéed'bY'ed.s(l;18)

can now be written as in terms of Vg where Vip is the convective

- velocity of the lighter cbmponent up the column,'as shown by )

egn. (1.28), becomes

R )]
= __E_ — /O &

L9
Y 5?( )‘OT(APQ'

\\‘,2 QD
] [
"
R
o
. m .
o
3
——/
R/\J

(1.29).
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which on differentiation with respect to temperature T gives us

NTRPYC Tae. ;LT(MW

”%5? a0

Efa .
negiicting the term BTIEOZ which is nearly equal to zero, the
temperature varlatlon of den31ty in the case of column is nearly_

constant.’

Eq. (1.30)'is the hydrodynemicai eQuatianth§e¥§olution_
is the master £low function G(T). Here 7 is the shear. coefficiént
of viscesity,/o is the density and g is the acceleration due to

gravity. ‘The boundary condition is
L L ; ' o e .
G(r ) = G(T,) =G (Tc’ = G(Th)-o_ o o (1,31)

let us now proceed to find out the total upward transport of

the speciles i up the column tube.

Let
fY) .
TI' = 97\ ,Ocl"wlzwdw
. T - o
= %Z—chi_pﬁvyz 7> dT - B
| T

[ dr . %} OLT:]



~ which with the help of eq. (1.28) becomes

Tr |
A (h oL PO
Q== a fci/‘)}ﬂo kfpo. 2/0 'aT{ AZ @C )}dT
T

x(g ‘Z)QCT) oﬁ"]

Since G(Tc) = G(Th) = 0 we have .'
T
— 27T dc.i /ODIZ T
? aT ( A G'( )dT (1,32)

as the total transport C up along the tube.

Again-from eq. (1 26) we have

C 1 Ca
9@&(?— ’gTi' “""“‘Oéﬁc]
p, 0C _de _ r dc

_1_____ T o(C’,Cg_
T dT @ dr F TR
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and hence eq. (1,32) finally becomes

T
2“ OLC| OZTclcz /OD|2
= o ) 4 et ar
Tc ,
:QU dcl /ODW. AT 4 210 A+C Cy, ;ODm_ |
d e Gc()' +G\3j )dT

T A

Te -

- {2” | e ey}

{ZUJ& G:CT)(}OD’Z)OLT}X ¢,c, .

1

Hcc +chg

To obtain the correct equation of transport of species i up the

tube let us now add to the eq. (1.33) a term which gives the

effect of longtltudlnal dlfqulon _along the tube since - this

effect was omitted prev1ously "Thus the term

dClgﬂ[(/o )rdp = iggjx( Dm)V’ otT

[ dT’ =— T oLT]

(1.33) 0 07
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must be added to eg. (1.33) in order to get the'cprrect transport

equation of the gas mixtures through the annula@ gap of the T.D.A.

'

column i.e.

"C; = HC,C, = (K, + Kg)

de, T A
3z e ~ (1.34)

where the initial transport-coefficient H, the convective
remixing coefficient‘Kc and the diffusive remixing coefficient'Kd

~are given the following expressions:

U (LD e () dT  — — sy
") mT GUYAT. i iy

X = QYT (/ODID_) x (T) o‘.-f; E ; (1.36)

and _Kd = QGTI —YJAP D‘Q_CLT . ' ) (1.37)
‘ T . o . .
Since in the steady state.condition the total transport up: the

tube is zero we have

HC.C,. = (Kc + K = 0 {1.38)

172

where ¢, = ¢ and ¢, = 1 ~ c.since ¢, + c, = 1

1 2
or, dc = az which on integration on both‘sides
c(l-—cS K + K

C d

for 2 =0 to 2 L where L is’ the geometrical length of the

]

column yields- that
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zZ=1L z=L . ‘
. (C/1-C)y; o HL
de = H__ [(d& "~ or, log ———="— . “§{FiE&K. - . -
c(1-C) K + Ky (c/ a:-c)z=o o Teta
Z =0 Z=0
or, 1ngqg = - : . o (1.39) . .
c d

where q, % (ci/bj)T /(qi/cj)Bgils.called‘the equlli?rium;separa_
tion factor defined as the ratio of the mass fractions or rather”
the mole fractions of the lighter and.the heavier cemponents of
the binary gas mixture at the top and the bottom of the column

of geometrical length L,

Fdf a8 hot wire column the:exp:eééions for the tranﬁpdrt

coefficients H, Kc and Kd-are given by

H :‘gT’[{o{Té 8}72%’ ~ f{1.40)
! A o

N

g =28 |0

c 9 72 sz I\ 3 | ) - G.a

and KA.:—_QTT{/O‘D‘Z}@ 1<oL | . : (1.42_)
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where r, = radius of the cold wall and the quantitiee“ia the .
curly braces are to be cva]uated at the cold wall temperature
Tc' The h, k and kd are known as dlmen51onless shape factors
which are functions of the two ratios (ry, /T ) and KTH/TC |
respectively. Ty and T are the temperatures of the hot and the

H

cold wall of a thermal diffusion column. The above H, Kc and Kd-
as determined by h, kc and kd and the transportfparameters of
the gas mixtures evaluated at the cold wall temperature'Té{ are -

called the Lennard-Jones method. : >

But for a concentric cylindgical type column-and rg/rc"'
is not very ‘large, the tranﬁport coefficients can also be given |

by a model known as.Maxwellian one., Thus,

H =2_T_T{oLTP23} (k) (e ~Ph) (2u) 4  -<’1}.43>' |
| 1 | ' o

302\ 7 .
< UK s

cama kg (PP L (R e ) ke e

Here again T, and rh are the radii of the cold and ‘hot walls

respectively at temperatures Tc and Th and u = ~T-- (T B Tc)

T AT

The quantities in carly braces i.e., £ = the aensxty of - the

mixtures, 7 = the coeff1c1ent of viscosity and D, = the diffu—‘

12
sion coefficient of a gas mixture are to be evaluateo at the mean
temperature T of the column i.e. T' ATKT + T )/2 _/ and_

g = acceleration of gravity of a placeo



The shape factors involved in the above transport;equaw
tions starting from equations (1.40) to (1,45) ha&é”bééniévaiuéﬁeé
and then tabulated by Furry and Jones24

26

for Maxwellian,model, by

Saxena and Raman for rigorous sphere model and'by McInteer-

and Reisfield?’+?8

for Lennard-Jonts model resoectlvely. Recentlv

for the last model E. Von Halle and R.K. Hoglund29 (1966) reported_
the thermal diffusion column shape factors in Rept. No. K 1679

(1966) These shape factors are supposed to be the most accurate-

one to evaluate the column transport coefflcient for the Lennard-

" Jones (12 6) model

.

| slieker'® however in 1965 presented another~set of"
formulations of column constants-without assuming any mdlecular
model It is also assumed that the transport coefflc1ents may be
'_regarded constant within the experimental temperature range and
their values are evaluated at the mean temperature T The express—j

ions for H, KC and Kd for a concentric cylindrlcal column are

2 ”{/0 D2 }I 132 (1-—&?) | »_ . A{i._47l>‘

0
I

0O
i

. . ) : |
and C, = ES}:] TZ 8 .T

3 3 71 D JF | o 1(:1.:,48)
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The shape factors ZFSF_71)4T$Fj;23_and.-TT(l-az) uSedvih the
formulations given above'from.equétions‘(1.46)‘to (1.48) are _¢
binary-mdlecuiar model indépendent, but dependéjenfirely §n~the'.
shape'and size'of the colﬁﬁn. The vaiﬁes’of«theméhapé§factbrs.
used  to calculate H, Ké and. K4 i.e. C;, C; and C, of ‘Slieker's’
theory are tabuiated in C.J.G. Sliekerio (1965), Heré a = _‘h_
. ~ , n : _ ' T,
and thé other molecular parameters-féf the binary mixtures are to
be evaluated at the mean temperature T where-T = (Th + Tc)/? to

estimate the experimental thérmal diffusion factor of any binary

gas mixture.
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