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Presented is a method of designing thermal diffusion columns with baffles. Recommendations are made
concerning the choice of optimal conditions and improved separation efficiency.

In [1] the authors presented the results of experimental studies on the intensification of thermal diffusion separation
in liquids by insertion of a perforated baffle at the interface between the two convective streams.

As a consequence of the difference in the spe'cific gravity of the liquid on either side of the baffle, circulation
develops in the column, the driving head

AP=L(yi—Y2) (1

being spent in overcoming the resistance to the motion of the two streams, i.e.,
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where the subscript 1 and the single prime relate to the cooler stream. For laminar flow in a flat narrow channel

If the baffle is located an equal distance & from the cold and hot surfaces, then dg¢f = diff = desf; moreover, because
of the small difference in density between the two streams, one can assume that vy = vy, = v,

Thus, from (1), (2), and (3) we obtain
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where 1 = (5, ~12)/2, while the values of the physical constants must be determined from the mean temperature
of each stream, i.e., i

o=ty gy,
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The basis of the proposed method of analyzing the operation of columns with baffles is the theory of thermal dif-
fusion columns presented in [2], with a number of changes connected with the special features of the new method.

Firstly, the expression for the transverse flow of enriched component is modified by introducing a multiplier &,
which allows for transverse mixing due to interaction of the streams; thus
, AT © ' —a
jr=%tDlocicp—— —- .
B . By — 8

d—

(6)

The quantity ¥ may take different values depending on the degree of mixing; for turbulent flow obviously £ = 0.
The transport equation remains unchanged:

j=He(l — &) — (K, = K,) de/dz. M
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The constants H, K¢. and Kg assume a somewhat different form:

H = opviATB(1 —8/3), )
Ky= —— 23,0 B(L — i/d), (9
K, = 203 DB. (10)
From (9) and (10) we obtain the ratio
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Since in liquids the Pe number is of the order 102~ 10°, while the quantity &, as will be shown below, is of the
order of tens, the ratio given by (11) is large, so that in (7) the quantity Kq can be disregarded in comparison with K¢ .

Consequently, in contrast to gases, the ratio (11) cannot be employed as a measure of the hydrodynamic stability
of the flow.

Using (4), we determine the quantity

2A=,H_= sATDE :24_ cnDATE

K, 8y v g %3 (o1 —pa)

v

12

which is of great significance in determining the efficiency of a column. As'may be seen from (12), for fixed values of
o, 1, D, 8¢, 8, AT the quantity 2A depends mainly on the difference in density, which in its turn is determined by the
temperature difference T, — Ty.

/hp = (Bg — 28)/hy, (ta—1,)
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Obviously, the greater the thermal conductivity of the baffle, the less the temperature difference and density difference
and, consequently, the greater the separation coefficient, given in the stationary state by the expression

g, = exp (24L). (14

The second change in the formulas presented in [2] consists in the definition of the column length L that partici-
pates in the separation.

In the usual thermal diffusion column L is the length over which cross transfer due to thermal diffusion is realized,
i.e., in practice the height of the column. In the presence of a baffle, contact between the two streams is realized
through the perforations, and it is obvious that the geometric height of the column L is not equal to the length Logss
over which the streams interact; in fact, Lo < L. The effective length is given by the relation Leff = ¢L, where ¢ is
the clear cross section of the baffle. Thus, the basic formulas presented in [2] can also be applied to columns with per-
forated balffles.

For columns, in which a constant concentration is maintained at one end, the change of the separation factor with
time is given by the relation

A=l exp(— ), (15)
‘qe—1
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Bearing in mind that y = 2p8B, we obtain, using (8) and (12).

288,
T exp (24L ) — 2AL g — 1] y
' ED(GAT)z(l_a/ao){ P(2AL o eff — 1] (16)

From an examination of (16) it is clear that the relaxation time can be calculated if the quantity £ is known. The latter,
however, can be determined only by experiment, since it is expressed by a combination of hydrodynamic factors,
causing mixing of the streams, i.e., factors whose theoretical quantitative evaluation, in the light of the present state
of our knowledge of the hydrodynamic motion of liquids in narrow channels, is virtually impossible.
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It is extremely probable that £ = f (dblaper), but it is not excluded that the rate of mixing also depends on the
temperature difference AT and on the physical properties of the liquid, i.e., that £ is expressed by the relation
£ = A[(Gr) (db/aper)f'" .

An experimental study, reported in [1], has been carried out with sucrose solutions, whose initial concentration
(co = 2.7%) was maintained constant at the top of the column.

In the series of experiments in question §, = 0.86 mm, § = 0,28 mm, t; = 30°C, t; = 50°C.

Bearing in mind that a dilute solution of sucrose was used, the density and viscosity were determined as for pure
water. For the Soret and concentration diffusion coefficients, in calculations based on our experiments and those of
other authors [3, 4], we took the values of 2 « 1073 deg ™! and 5 « 107% cm?/sec, respectively. The thermal conduc-
tivity of the baffle was found experimentally to be 0.232 W/m-deg.

The aim of the calculation was to find the value of the coefficient £ which best approximates the experimental
data.

Figure 1 shows the calculated curves and experimental

points. The deviation from the experimental points is due to q ]
the frequent sampling, which upset the normal concentration _—
distribution in the column. 6 g

The values of £ obtained are shown in Fig. 2 as a func- 5 J
tion of the ratio of the diameter of the perforations to the 4/7 ]
thickness of the baffle. Notice the sharp growth of £ with de- 4 // — ‘A‘;
crease of this ratio. The ratio db/5per was chosen as argument i /’///: J/
because the mixing action connected with penetration of one J / / ——— g
stream into the other, is determined not only by the diameter 2 //// —b
of the perforations, but also by the thickness of the baffle; &/ _,A/-
the thicker the latter, the more difficult the hydrodynamic / : ESa—
interaction of the streams. However, this statement requires g I 0 4 T
experimental verification. Fig. 1. Change in concentration of sugar at

bottom of column and dependence on time for

a wall temperature difference of 19.6°C: a) ex-
perimental data; b) curve calculated from (15);

1) clear cross section of baffle 22.8%, perforation

Denoting the equilibrium separation coefficients for diameter 5 mm; 2) 19%, 3.5 mm; 3) 2%, 2 mm.
columns with and without a baffle by de and q¢ and taking ' '

into comsideration (14), (12), we obtain

On the basis of the experimental data obtained, a num-
ber of recommendations may be made with a view to increas-
ing the efficiency of separation in columns with baffles.

Inge _ g 3(1—p) Leff an
Inge 8o(p1—ps) L

For purposes of engineering calculations it is useful to consider the following recommendations.

1. It is desirable to enlarge the effective length of the

column.
=== “'\ 2. One should try to reduce the density difference be-
75 ™. tween streams. Thus, for example, in our experiments using
steel instead of rubberized fabric as baffle material should
\ halve this difference.
50 \ _ _ ‘ '
3. The ratio of the linear dimension of the perforation
25 \ in the direction of motion of the stream to the thickness of
\ the baffle must be a minimum, Calculations show that with a
cortect choice of baffle parameters it is*easy to attain ratios
0 5 10 db/‘sp er of the logarithms of the separation coefficients of the order of
' . several tens,
Fig. 2. Dependence of § on the ratio of In conclusion, it must be pointed out that in the separa-
perforation diameter to baffle thickness. tion of liquids differing appreciably in specific gravity the

solution leading to (15) must be corrected by taking account
in the initial equation
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of the dependence of density on concentration.

NOTATION

L~length of column; y; and y;—specific gravity of liquid in descending and ascending streams; A1, g —coefficients;
v—velocity of liquid in ascending or descending stream; n—dynamic viscosity; T; —mean temperature of descending
stream; ty—temperature of cold wall; A;—~thermal conductivity of liquid; Ay~—thermal conductivity of baffle; t,—~tem-
perature of hot wall; ¥;—mean temperature of ascending stream; E--coefficient describing transverse mixing due to
interaction of streams; o—Soret coefficient; AT—wall temperature difference; D —concentration diffusion coefficient;
p—density; T—relaxation time; B—width of column; p—mass of component per unit length of column.
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