USE OF SPIRAL INSERTS IN THERMAL-DIFFUSION COLUMNS

G. D. Rabinoviech, V. P. Ivakhnik, UDC 621.039.341.6
K. I. Zimina, and N. G. Sorokina

The influence of spiral inserts onthe efficiency of the fractionation of petroleum produects in ther-
modiffusion columns is investigated.

Beginning with the 19505 the thermal-diffusion method of fractionation has been widely used bothin analyt~
ical research to separate narrow fractions of petroleum products in order to determine their chemical struc-
ture [1-10] and to study the possibility of its application in technological processes of obtaining petroleum oils
with valuable new properties [11-14]. The apparatus usedfor this purpose has been described in a number of
publications [15-18].

Various structural modifications of thermal-diffusion columns have been suggested to increase their effi-
ciency (a columnwith horizontalpartitions [19], a flatinclined column {15, 20], a column containing a packing
{21]) in whichthe common idea of decreasing the velocity of convective flows is employed. In thiscase, although
one is able to increase the degree of separation in the nonsampling mode of operation, in the sampling mode the
productivity of such columns is lower thanthatof ordinary columns with an open gap.

In 1962 one other method was suggestedfor intensifying the fractionation process in a thermal-diffusion
column [22], consisting in the inner cylinder of the column being woundwith a wire spiral fully spanning the
working gap. According to the data in [23], which usedthis method, the introduction of spirals not only de-
creased the time it takes to reach the steady state in the nonsampling mode of column operation butalso con-
giderably increased the degree of fractionation of a cetane — decalin mixture in comparisonwith a column with
an open gap. We note that further tests on the fractionation of the kerosene fraction of camomile oil were car-
riedout by these authors only in a column witha spiral insert and were notcompared with tests ina column
with anopen gap. Such a comparisonis also absent in [8, 9]. The sole paper in which a column containing
a gpiral was studied only in the sampling mode is the one of Yeh and Ward [24]. In it the fractionation of
n-heptane — benzene and toluene — isobutyl alcohol was studied as a function of the winding angle of the wire
spiral at different column productivities. It wasestablished that at low sampling rates there is some optimum
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Fig. 2. Dependence of the time 7 ittakes to reachthe equilibrium state
on the winding angle of the spiral.

Fig. 3. Dependence of relative variation in the degree of fractionation
on the winding angle of the spiralat different sampling rates: 1) o=0;
2) 1; 3) 3; 4) 5; 5) 8; 6) 12 ml/h.

winding angle of the spiral at which the degree of fractionation is maximal, with this maximum decreasing and
shifting toward smaller angles as the samplingrate increases, and disappearing when itreachesa certain
value, as a result of which a column with a spiral gives a lower degree of fractionation thana column withan
open gap inthis case. These dependences were quantitatively different for each of the mixtures studied. We
note that, on the basis of the approximate theory of Yeh and Ward [24], the presence of the maxima indicated
above is determinedby the physical characteristics of the mixture, the geometry of the column, and the tem-
perature conditions of its operation.

Considering that in the creation of a thermal-diffusion apparatus, both for analytical and for technological
purposes, the obtainment of narrow fractions of petroleum products inthe maximum amounts is one of its im-
portant technicoeconomic indices, we conducted a special investigation withthe aim of studying the influence of
the angle ofthe spiral winding on the efficiency of the fractionation of petroleum products in athermal-diffusion
column.

The tests were carried out inparallel onthree columns which hadthe same indices of the working gaps:
height 630 mm, depth 560 = 20 um, meanperimeter 155.2 mm. The construction of the column is partially
described in [18]. The inner cylinder is made of Kn18N9T stainless steel with a wallthickness of4 mm while
the outer eylinder witha wall thickness of 8 mm ig made of 45 steel with a nickel coating (Fig. 1). Eachcolumn
is heated from an individual steam generator 8 by saturated steam whose temperature Tg was determined from
the pressure, measured by the manometer 9. The electric power required by the steam generators was regu-
lated by autotransformers. The advantages of such a means of heatingare expounded in{25]. The outer cylin-
ders were cooledby water from three thermostats 10 whose delivery rates were the same (withinlimits of +8%)
and equaled 210 liters/h. With this flow rate and with the condenser construction used the heat-exchange coef-
ficient with the water side was ay =2000 W/m? - deg, as was determined earlier [18], while the heat-exchange
coefficient with the side of the heating steam was ag~11,000 W/m? . deg. On the basis of the data presented
above, as well as the results of the measurement of the water temperature Ty by thermocouples 11 in the mid-
sectionof the condensers, we found the heat flux per unit column length

g =9 (Ty — T} W/m,

the temperature at the inner surface of the outer cylinder

T,=T, 9 (1 oy doe ] )
PV a2 4y e

and the temperature difference

T g, {ds — dy)

betweenthe outer surface of the inner cylinder (T,)and the inner surface of the outer cylinder, where Ajjq and
Aoc are the coefficients of thermal conductivity of the mixture beingfractionated and of the wall of the outer
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TABLE 1. Difference An - 10? inIndices of Refraction between
Lower and Upper Fractions Obtained in a Thermal-Diffusion Column
with a Spiral Insert as a Function of the Delivery Rate and the Wind-
ing Angle of the Spiral inthe Fractionation of IS-45 Industrial Oifl

Samplin, hd
Iate'mi h 0° l 15° | 30¢ ‘ 13 ' 60° l 75°
0 5,43 5,08 4,95 4,97 4,81 .6
1 4,47 4,34 4,29 4,06 3,77 1,b1
2 —_— 3,78 3,80 3,81 3,77 —_
3 3,49 3,34 3,40 3,46 2,98 0,38
4 3,33 3,10 3,21 3,25 2,72 —
5 3,05 2,91 3,08 2,95 2,48 0,20
8 2,45 2,62 2,48 2,57 1,89 0,10
12 2,04 2,05 2,04 2,19 1,52 —
25 0,95 1,23 1,35 1,48 0,75 0,0

cylinder; dgg, dy, and d; are the outside and inside diameters of the outer cylinder and the outside diameter of
the inner cylinder, respectively.

The tests were carried out using IS-45 industrial oil as the working mixture at Tg=158.1°C, Ty, =92°C,
T, =96°C, and T;=147°C. The degree of fractionation was determined by measuring the indices of refraction
of the individualfractions on an IRF-22 refractometer. The steady state was assumed to be reached when the
samples taken off over 4 h at intervals of1 h did notdiffer inindex of refraction within the error limits of the
refractometer. Before the start of a test the oil was filtered and then vacuum evaporated in a 10-liter vessel,
from which it was passed into the reservoir7 by a siphon (see Fig. 1). The columns were filled through the
lower fitting 8.

The first series of tests was setup inthe absence of a spiral winding in the working gap (an open gap) in
the nonsampling and sampling modes. In the latter case, the columns were fed intheir midseetions and samples
ofequal sizes were taken from the upper and lower samplers 6. The results of these tests are presented in the
first column of Table 1, in which the angle 0° corresponds to operationwith an open gap, and they display the
natural law ofa decrease in An with an increase in the sampling rate. After this series of experiments was
conducted the columns were disassembled and spirals of nickel wire 0.55 mm in diameter were wound on the
inner cylinders. The spirals were wound with respect togauges set for angles ¢ =15, 30, 45, 60, and 75°,
reading from the vertical. Theends of the spirals were rigidly fixed with serews In notches made in the cen-
tering bands of the inner cylinder. The inner cylinder was ingerted intothe outer eylinder after the latter,
together with the condenser, was heated to a temperature of about 150°C by pumping through itoil froma
specialthermostat, whichincreased the diameter by 6-7 um. Such anassembly method eliminated the possi-
bility of displacing the spiral turns andassured the reproducibility ofthe tests. The results obtained are pre-
sented in Table 1, while the dependence of the time it takes toreach the equilibrium state on the winding angle
ofthe spirals is shownin Fig. 2. It isseen from this figure that inthe range of values of 0 < ¢ < 60° the time of
establishment of equilibrium is less than thatin a column withan open gap, and its lowest value is attainedat
¢=15°. This result agrees withthe data of [23], in which the time it takes toreach equilibrium for a cetane —
decalin mixturefor a windingangle of 56° was reduced byabout 1.5 times in comparison with that fora column
withan open gap. But, incontrast to that report, the degree of fractionation An (the difference inthe indices
of refraction between the lower and upper fractions) decreases withan increase in the angle ¢, as seen from the
firstrow of Table 1.

The influence ofthe sampling rates on the fractionation efficlency as a function of the winding angles of the
gpirals is shownin Fig. 3, in which the ratio of the degree of fractionation to that in the nonsampling mode of
operation of a column with anopen gap (An), is laid out alongthe ordinate. As seen from the figure, inthe
entire range of variation of the sampling rates the fractionation efficiency decreases upon the introductionof a
spiral winding into the gap. The lower three curvesare characterizedby the presence of only weak maxima
in the region of winding angles of 30-45°; i.e., inour tests we detectedno extremal values of ¢ at which the
fractionation efficiency grows sharply with a decrease in the sampling rate, asoccurred inthe tests of Yeh and
Ward [24].

Thus, both in the nonsampling mode and in the samplingmode the introduction ofa spiral winding into the
working gap decreases the fractionation efficiency. The fact that a pronounced increase in the degree of frac-
tionation wasnoted in {23] upon the introductionof a spiral with a windingangle of 56° into the gap can only be
explained by the fact that the column used in [23] did not satisfy the strict demands on the geometry of

942



the gapand didnot provide a high degree of isothermy of the working surfaces of both cylinders. Asshownin
[25], whenthese demands are not met parasitic convection currents develop in the column which considerably
reduce the fractionation efficiency. Theelectric heater used in [23] promotes the creation of a temperature
asymmetry over the perimeter of the column and degrades its operating conditions owing to the nonuniformity

of the heat flux, causing nonuniformity of the pressing of the fiber-glass fabric against the surface of the cylin-
der andnonuniformity of the arrangement of the turns of the electric spiral.

In this case the introduction of spiral inserts into the working gap should have a favorable effect oncor-
recting the defects of the geometry of the gap and increasing the degree of fractionation. In other words, spiral
inserts are justified in columns of poor construction quality whose heating and cooling are organized without
observance of the necessary conditions for maintaininguniform temperatures at the working surfaces of the
column [18].

As for the tests of Yeh andWard [24], in accordance with the approximate theory which they proposed,
the optimum angle at which the greatest fractionation ofa binary mixture is achieved in the range of variation
of mass concentrations of from 0.3 t00.7 is determined by the equation

c05(p=( oL )1/4’ ) (1)
2.52K

where L isthe height of the column;
K 80P (ATRB
92D

; (2)

B, n. and D are the coefficients of thermal expansion, dynamic viscosity, and diffusion; p is the density of the
mixture; AT is the temperature difference; 6 and B are the sizes of the gap and of its perimeter, with Eq. (1)
being valid when

s K 2.52K

0.3109; — <o <, 3)

while yo/4 is the degree of fractionation in the nonsampling mode.

As seenfrom (1)and (2), the right-hand side of inequality (3) may not be satisfied at some values of o,
K, and L. In this case the concept of anoptimum winding angle of the spiral loses meaning. This can occur
with smallgaps anda high viscosity of the initial product, as seenfrom (2). Althoughthese results pertain fo a
binary mixture, one can assume that they can also he extended qualitatively to multicomponent mixtures, which
is what petroleum products are. It isquite possible that withan increase in AT, §, and the average tempera-
ture in the gapone can, at certain sampling rates, achieve conditions under which the degree of fractionation
is higher than ina columnwith an open gap.
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MASS TRANSFER IN A CONICAL CHANNEL IN
THE PRESENCE OF PROCESSES OF EVAPORATION
AND CONDENSATION AT THE CHANNEL WALLS

L. N. Shulepov UDC 536.422

The transfer of the wall material of a channel, causedby the presence ofa temperature gradient
along the channel axis, is discussed.

In the presence of a temperature gradient along the z axis of a channel the transfer of matter evaporating
from the walls takes place from regions with high temperatures to regions with lower temperatures. If the
temperature level is not very high, the vapor flow takes place in the free-molecule mode. The problem of the
mass transfer ina cylindrical channel inthe presence of a constant temperature gradient along the channel axis
was solved in{1]. But the transfer of matter evaporating from the walls canlead toa change in the channel
geometry, so that it is interesting to investigate mass transfer inchannels witha more complicated geometry.
The mass transfer in a conical channel is studied in the present paper. With slow variation of the radius of a
real channel along the z axis the shape of the channel in the vicinity of any point canbe approximated by a cone.
Thus, knowing the solution for a conical channel, one can approximately calculate the mass transfer ina chan-
nel of more complicated shape.

We will take the coefficient of condensation asequal to unity andthe velocity distribution of the evaporating
molecules as Maxwellian at the wall temperature. In this case the geometrical quantities determining the vapor
flow coincide with the corresponding quantities for a noncondensing gas with reflection ofa diffuse character.
Using the values calculated for them in [2-4], we canwrite the expression for the mass flux passing through the
channel cross section at the point z. Indoing this we will assume thata temperature T, andthe vapor saturation
pressure P, corresponding to itare maintained at the channel entrance (at z =0), while at the other end the chan-
nel opens intoa vacuum:

P 22
=/ 3m _20 — -+ 2r2 4 2r z—
I/Qk VT, [c0529 R

1 (2" —2)% -+ 2r2 cos?0 4 3r,r' (z' —2) cos®d ] ,

cos20 V(@ — 2P+ 41r2 +r,r' (2’ —2)] cos®

1)

—sign (2’ —2)

where T(z) is the temperature of the channel walls in degrees Kelvin; P(z) is the vapor saturation pressureat
the temperature T(z).

Translated from Inzhenerno-Fizicheskii Zhurnal, Vol. 35, No. 2, pp. 284-286, August, 1978. Original
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