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Elementary convection cells (ECC) are formed in horizontal
layers of liquid heated from below, and they are experimen-
tally investigated in this work. Results of experimental stud-
ies were adequately described by the theoretical model of
ECC. It is shown that the addition of aluminum powder to
oil transforms oil to a suspension, such that boundary condi-
tions on the solid wall can be regarded as free because there
is a slip through the tape of pure oil. Change in the character
of boundary conditions is confirmed by the results of nu-
merical processing of experimental results on formation of
convective rings on the layer surface by other authors. Two
independent methods for determining the velocity of mass
transfer in cells with various diameters are described in the
article. For cells with a large diameter (17 mm), the maxi-
mum velocity of mass transfer was measured at the upper
boundary on a deflection angle of the probe. Measured in
this way velocity was equal to V, = 0.2 mm/sec. For cells
with a smaller diameter (2 mm), the velocity of oil on the
surface of a cell was measured using an optical method and
constituted the value from 3.5 mm/s to 5.2 mm/s.

Key words: elementary convective cell, convective pro-
cesses, transfer of heat, temperature gradient, velocity of
mass transfer in the cell

INTRODUCTION

metric principle referred to above. The energy
principle associates the quantity, size and shape of

Numbers of articles, reviews and monographs
were devoted to the study of convective processes
in a horizontal layer of incompressible, viscous
fluid heated from below. They include early ex-
perimental and theoretical papers [1, 2], and lat-
er, but very informative papers, monographs and
reviews on the subject [3-6].

In work [7], it has been suggested that the en-
ergy principle can be a fundamental principle of
formation of polygonal convective structures in
a temperature tense medium rather than a geo-

convection cells with the magnitude of the tem-
perature gradient inside a cell and the temper-
ature of a vessel at the bottom. In accordance
with this, it is asserted that with the increase of
temperature of the bottom of the vessel in liquid,
secluded (discontiguous) cylindrical convective
elementary cells (ECC) appear first, the number
of which with the increase of the temperature be-
comes so great that they become tightly packed
and fill in the entire volume of a liquid vessel and
thus form polygonal convective cells.
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Horizontal and vertical velocity components
of ECC are described by Bessel functions of
the first kind of the zero order and the first order,
respectively. It should be noted that the physical
properties of the proposed ECC correspond to
the experimental data on the convection of liquid
in small containers heated from below [8].

The purpose of this work is to prove the ex-
istence of an elementary convective cell by com-
paring the theoretical model and experimental
data as well as the experimental determination of
characteristic velocities of fluid heat convection
inside a cell.

SOLUTION OF THE RAYLEIGH PROBLEM
IN A CYLINDRICAL COORDINATE
SYSTEM

The perturbed velocity of convective mass transfer
and distribution of the temperature in a horizon-
tal layer in a viscous, incompressible fluid heated
from below are described by Navier-Stokes equa-
tions in the Boussinesq approximation. In cylin-
drical geometry, the dimensionless perturbations
of velocity v and the temperature T in dimension-
less variables ¢, 7, z have the form [7]:

v (1, z, t) = Asin(nnz) ] (k, r) exp (-\t), (1)
v (1, 2, t) = Anmk 'cos(nmz) ] (k r) exp (-At), (2)
T(1, z, t) = Bsin(nnz) ], (k r) exp (-\t), (3)

where the axis of z is directed upward and per-
pendicular to the layer boundaries z=0and z = 1;
n=1,2,3,... are integers that correspond to per-
turbation modes; A and B are constant coefficients;
\ are eigenvalues of the system that characterize
attenuation (A = 0), increase (A = 0) or the sta-
tionary state (A = 0) of perturbations (1)-(3); J,(x)
and J|(x) are Bessel functions of the first kind of
zero and the first order, respectively; k is the radi-
al wave number that characterizes dependence of
perturbations on the transverse coordinate r.

For non-dimensional expressions (1)-(3),
such characteristic dimensional parameters of
the problem as layer thickness h, time T = h*v,
speed T = h*v’', temperature ® = T,-T, > 0, pres-
sure p,vxh?, where T, and T, are temperature of
upper and lower boundaries of a layer, respective-

ly, where v and y are kinematic viscosity and ther-
mal diffusivity of fluid, are used.

Solutions (1)—(3) are valid for a convective cell
with free boundary conditions, when tangential
stress and perturbation of temperature at the lay-
er boundaries at z = 0 and z = 1 are equal to zero.
It is then:

D,
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=0,T

z=0;1

=0. (4)

Vz z=0;1 -

The characteristic time for typical oil is
in the order T = h*/p,, = 0.1....0.01 s, where
h=1mm, viscosity of vacuum oil and its analogs at
the temperature of 100 °C is p*" = 8-11 mm?/s
[7, 9], and silicone oil at the temperature of 25 °C
is u®,, = 100 mm?/s [8]. Experimentally observed
stable existence of a cylindrical cell for a quite
long interval of time (more than 100 sec) and
a balance of its perturbation exponential factor
exp(-A(#/1)), where characteristic time T is suf-
ficiently small, inevitably lead to the conclusion
that the eigenvalues A must equal zero or A must
be close to zero. Therefore, we will consider only
stable solution of (1)-(3) in the sequel when A = 0.

In decisions (1)-(3), the radial wave number
k remains an indefinite parameter. Its value is de-
termined from the condition of the zero horizon-
tal velocity v_on the outer boundary of a convec-
tive cell. This condition sets the value of the radial
wave number:

k=0 R, (5)

where R is the radius of a convective cell that is
divided by the depth of the layer, o, is the i-th
zero of the Bessel function of the first order
(J(0,) =0),i=123,.... In particular, the first
zeros of the Bessel functions have the follow-
ing meanings [10]: o = 3.832; 0, = 7.016;
o, =10.173.

It should be noted that solution (5) was pre-
viously presented in [11-13]. In these papers,
current lines were constructed, and an axially
symmetrical arrangement of concentric convec-
tive rolls for free upper boundaries and free lower
boundaries of the solid (asymmetric boundary
conditions) of a liquid layer was analysed. In par-
ticular, as follows from work [12], the radial wave
number is defined by the ratio of the critical wave
number a = 2.682 of the problem with asymmetric
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boundary conditions (the notation of the cited
work is kept) to the depth of the layer: . =%.
In works [12, 13], values of critical wave numbers
and their associated critical Rayleigh numbers for
two other kinds of boundary conditions - two
free boundaries and two rigid boundaries - are
also shown. It is shown that the value of the radial
wave number for every type of boundary condi-
tions is determined by the critical wave number «
of the corresponding type of boundary conditions
(a = 2.22 - two free boundaries, a = 3.13 - two
solid boundaries). Based on the foregoing, one
can conclude that authors of these quoted works
have not fully analysed decisions and determined
the radial wave number, which in this case is giv-
en by condition (5).

SUBSTANTIATION OF FREE BOUNDARY
CONDITIONS FOR RAYLEIGH PROBLEM

In order to substantiate the applicability of de-
scriptions of the experimental data on formation
of the elementary convection cell by a theoretical
model, it is assumed that boundary conditions are
free, taking into account the following consider-
ations.

In experiments, a small amount (by volume)
of aluminum pigment powder PAP-1 is added in
vacuum oil, which represents finely divided plate
shape aluminum particles; the average thickness
of lobes is about 0.25-0.50 microns; the average
linear dimensions are 20-30 microns. The bulk
density of the powder is equal to 0.15-0.30 g/cm’
(GOST 5494-95).

As in the experiments the oil temperature var-
ies in the ranges 100-150 °C, then the thickness
of its surface layer at the lower boundary ves-
sel is estimated to be about 0.25-0.35 mm [14],
and is comparable to the thickness of aluminum
petals. The thickness of the surface layer oil on
the surface petals of aluminum is of the same or-
der. The estimate shows that the average distance
between the particles of aluminum constitutes
the order of 10 microns, and is significantly great-
er than the thickness of the oil tape.

Under experimental conditions, oil (0.7-2.5 ml)
with the addition of small amounts of aluminum
pigment powder (58-65 mg) constituted a stable
(non-coagulating) suspension during the long-
time interval with the density exceeding the den-

sity of pure oil by an amount of order 5%. The dy-
namic viscosity of suspension, according to work
[15], is proportional to the viscosity of pure oil.
The dynamic viscosity of suspension, measured
by the Stokes method, is less than the viscosity of
pure oil by 1%.

From the foregoing one can conclude that
there are two phases of liquid: pure oil, concen-
trated on the bottom of the vessel in a form of
a surface layer, and suspension of particles of alu-
minum powder distributed in oil, which has dif-
ferent density and dynamic viscosity than that of
pure oil.

Thereby, the suspension which is close to
the bottom of the vessel can be considered as
a separate, relatively denser than the pure oil dis-
persion medium, which moves on an oil substrate
of a pure oil without friction, i. e. slipping [16]. In
this sense, boundary conditions of a liquid layer
can be considered as free.

INTERPRETATION OF CYLINDRICAL
CONVECTIVE RINGS BY SOLUTION FOR
ELEMENTARY CONVECTIVE CELLS WITH
FREE BOUNDARIES

In paper (8], results of studies of formation of
concentric convective rolls in a layer of silicone
oil heated from below are presented. A small
amount of aluminum powder was added for visu-
alization of convective motion in oil, without not-
ing any changes in oil properties and boundary
conditions.

An interpretation of the conducted experi-
ments [8] on formation of concentric convective
rings in silicone oil with the addition of the nec-
essary amount of aluminum powder will be pre-
sented below. Solutions (1)-(3) for free convec-
tive cells are used for this, as some amount of
aluminum powder is added in oil, and boundary
conditions can be considered as free. In this case,
as mentioned above, suspension is formed in oil,
which is different in density and viscosity from
the pure oil. Under such conditions, it is consid-
ered that the surface tape of pure oil on a solid
lower boundary will provide slippage of the sus-
pension relatively to the bottom of the vessel, i. e.
elimination of shear stresses. In this case, bound-
ary conditions of a liquid layer can be regarded
as free.



48 Liudmyla Bozbiei, Boris Borts, Yuri Kazarinov, Andrey Kostikov, Viktor Tkachenko

Figure 1 shows the examples of digitally pro-
cessed and optimized images of convective con-
centric rings presented in work [8].

Let us present a brief description of these pic-
tures.

In the center of the vessel (Fig. 1d), the flow
is directed upward, i. e. here a large point of light
of aluminum powder is formed, which is brought
to the surface by an upward flow of oil. Further,
light concentric rings of aluminum powder are
observed over the radius, which are alternated
with dark stripes in one. Light rings correspond
to the rising flows of oil, and dark rings between
them correspond to the downward flow.

It should be noted that the mechanism of for-
mation of concentric thin light rings of aluminum
powder is similar to the mechanism of formation
of wind-streaks of sea foam, fragments of algae,
phytoplankton and zooplankton, air bubbles in
the formation of Langmuir circulation over water
surface [17], with the only difference that parti-
cles of aluminum powder are heavier than oil and
are kept afloat its upward flow.

In Fig. 1b, c in the center of the vessel, the flow
is directed down, as the light point of aluminum
powder has smaller sizes compared to Fig. 1d,
due to the fact that not the full mass of alumi-
num powder can be captivated downwards by

downstream flow of the oil. Further on the radi-
us, the same location sequence of concentric thin
light rings of aluminum powder and dark stripes
as that in the previous figure is observed.

The above described figures, constituting
current lines at the border z = 1, were digitized
and smoothed along the radius from the center
of the vessel to its boundary, situated at the dis-
tance R = 10 cm from the center. Dependencies
of oil surface brightness in the vessel along its ra-
dius are shown with a solid line in Fig. 1. In Fig-
ure lam =13,in 1lbm =12, in lc m = 10, and in
1d m = 9 correspond to the visually determined
number of convective rolls in a cell. In Fig. 1 b,
¢, d small peaks, which correspond to the thin
light rings in the images on the right, are shown
on curves in solid lines. These small peaks cor-
respond to the movement of oil upwards. Con-
sequently, in the vicinity of these small peaks
(minima in the base curve), oil moves up.
Among the marked minima of the base curve,
there is another minimum, which corresponds
to the motion of oil downwards (1-3).

The obtained solution (2) if z = 1 was used to
describe the formed convective rolls on the sur-
face of oil in the cylindrical vessel. To compare
this solution to the experimental data from its

radial dependence, the function ¥(r)= rJl(%rj

V, arb. un.

z

Fig. 1. Curves of numerical processing images of convective concentric rings (solid lines) and their
optimization using results of the theoretical model (1)—(3) (dashed curves). The first quadrant of
pictures of concentric rings, presented in work [8], is shown on the right side
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was built that on multiplication by Jr describes
streamlines (Stokes lines) in a cell at the border
z = 1. The fittings of the function ¥(r) (dashed
lines) to the experimental data showed a good
quantitative correspondence of the theoretical
model to the experiment. The view of the adjust-
ment curve and coefficients of fitting are shown
in Table 1.

As it follows from Fig. 1, the minima of curves
of the digital processing correspond to the dark
rings, which are consistent either with rising oil
flows (marked by peaks of a small amplitude), or
downward oil flows, located between the ascend-
ing. Figure 1 shows that the number of light rings
equals m =9, 10, 12, 13. Another dark ring corre-
sponds to them.

Under large radii of rings in the fitting curve,

the multiplier of the argument of the Bessel function
T 2mn
— can berepresented in the form of bm s
w R R

m m

where R is the radius of m-th ring at the wall
of the cylindrical container. As it follows,
R = 2mw corresponds to the location of light
rings at the presented fragments of the images.

Thus, for example, as it follows from Table 1
and Fig. 1, for the value m = 9 the value of light
ring radius is about R, = 18-0.55148 = 9.93 cm,
and it is situated almost near the wall of
the vessel. For values m = 10, 12, radii of light
rings equal R = 20-0.47989 = 9.6 cm and
R, = 24-0.39478 = 9.47 cm, and they are slightly
removed from the wall of the vessel.

It should be noted that on the depth layer of
0il 0.765 cm [8], estimation of the first ring radius
in Fig. 1 constitutes about 1.3 cm. Based on this,

Table 1. Parameters of the fitting curve and coefficients of fitting

the diameter of the first ring in the depth units of
the oil layer is equal to 3.4, which corresponds to
the theoretically calculated value of the diameter
of free convection cells [7].

The obtained results show that the layer of
a viscous incompressible fluid with addition of
aluminum powder and mixed boundary condi-
tions with sufficient accuracy are described by
analytic expressions for the same layer, but with
free boundary conditions, due to the formation
of two-phase medium in oil: suspension with dif-
ferent density and viscosity than that of the pure
oil and pure oil in the form of a surface tape on
the solid boundary.

Thus, in this chapter of the work, the results
of experimental numerical processing and results
of other authors on formation of convective rings
in the layer of fluid heated from below confirm
the assumption about changes of the character of
boundary conditions from mixed (upper bound-
ary is free, bottom limit is solid) to free.

FORMATION OF CONVECTIVE ISOLATED
CELLS IN A COPPER RING, WHICH IS
IMPOSED ON THE SURFACE OF OIL

Vacuum oil VM-5 (2 ml) was used in the experi-
ments on research of properties of secluded con-
vective cells, which are formed in oil. The thick-
ness of the oil layer was 1.0-1.2 mm. Heating of
the oil was conducted from the bottom by means
of the electric furnace, and the temperature of
the bottom of the vessel was kept at 135 + 1 °C.
Experiments were performed in the follow-
ing way. At first, Benard cells were formed in oil.

y:J’0+a'\/(”_’”0)'(%(’"_”o)]

"é m=9 m=10 m=12 m=13

E & Value Error Value Error Value Error Value Error

£
Yo 0.43042 0.00289 0.45206 0.00268 0.44015 0.00351 0.39752 0.00441
a -1.06379 0.01232 -1.26018 0.0125 -1.17787 0.01839 1.29329 0.02337
ro -0.08269 0.00595 -0.15245 0.00407 -0.00673 0.00517 -0.12514 0.00639
w 0.55148 5.8017E-4 0.47989 3.4036E-4 0.39478 3.4223E-4 0.39334 4.132E-4
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Further rings with different diameters made from
copper wires 0.5 mm in thickness were imposed
on the surface of oil with Benard cells. The dia-
meter of the copper ring varied from 3 mm to
11 mm, with the step [ = 1 mm. The experiments
showed that the diameter of the resulting convec-
tive cell depends on the diameter of the copper
ring in the step function (Fig. 2). As a result of
each overlay of the copper ring with the diame-
ter that increases step by step, the occurrence of
the cylindrical convection cell, whose form is giv-
en in Figs. 3-10, was observed.

Pictures of convective cells, which are formed
in copper rings, overlaid on the surface of the oil
are shown in Figs. 3-10.

From the images presented in Figs. 3-10, one
can conclude that upon the overlay of the ring
on the surface of oil, different types of cells ap-

pear. Figures 3-4 show that overlay of the cop-
per ring with less than 5 mm diameter results
in the formation of the cell with the distribution
of velocities of types (1), (2), where m = 2, i. e.
two convective cells arranged one over anoth-
er are formed. Thus, the relation of the diame-
ter to the height of the cell should be about 3:1.
The estimates show that the depth of the oil layer
1.0-1.2 mm allows realizing this arrangement of
cells.

The increase of the diameter of the ring to
a certain size (up to 5 mm) does not violate
the size of the observable cell D, = 2.5 mm. It
supports the assumption of forming two cells,
arranged one over another. Otherwise, upon
formation of one cell (m = 1), the increase in
the diameter of the cell should be observed with
the increase of the diameter of the ring.

Fig. 2. Dependence of the diameter of the cell D_on the diameter of

thering D,

Fig.3.D0 =3mm,D_=2.5mm

Fig.4.D =4mm,D_=2.5mm

Fig.5.D =5mm,D =3 mm
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Fig.6.0 =6mm,D_=3 mm

Excess of the ring size more than 5 mm will
result in an intermittent increase of the size
of the convective cell to the value of about
3 + 0.5 mm. This confirms the formation of an el-
ementary cell of type (1), (2) with n = 1 and dia-
meter D= 0.9 -0 [7].
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Fig.10.D =10mm, D_=6.5 mm

Fig.7.D =7mm,D_=5mm

i7

e

Fig.8.D =8mm, D =5mm

With the excess of the copper ring diameter
7 mm, the value of the cell diameter increased to
about 5 mm and remained constant. Figures 7, 8
demonstrate the formation of the dark ring on
the periphery of the cell, which corresponds to
the formation of the convective ring, similar to
the one observed in works [11-13].

Further increase of the ring radius (more than
9 mm) results in the formation of three convec-
tive cells inside the copper ring, and, for this case,
the research of formation of elementary convec-
tive cells in the copper ring was not carried out.

Thus, in experiments on the formation of
the cylindrical convective cell with overlay of
the copper ring, a qualitative and quantita-
tive correspondence of the theoretical model to
the experimental data was presented.

MEASUREMENT OF VELOCITY OF MASS
TRANSFER IN A CONVECTIVE CELL

One of the main questions that arise in the study
of properties of Benard cells is the question of
the value of velocity of convective mass transfer in
a cell. Knowledge of the mathematical definition
of velocity components in a cell (1)-(3) allows ex-
perimental determination of the true value. It is
enough to measure the velocity of the horizontal
mass transfer (2) on the surface of a cell at a point
of its maximum value, i. e. under r, = R.o, /0, .
In order to measure the velocity of convective
flow, series of experiments were conducted. Heat-
ing of oil was carried out from below by an elec-
tric furnace. Oil temperature was maintained at
150 £ 1 °C at the bottom of the vessel. In one of
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the formed oil cells with a size of 17 mm, on top
of the radius r,, a probe made of two parallel thin
cylindrical wires of copper with the diameter
d =~ 0.04 mm was vertically lowered. The length of
one wire was equal to / = 4.3 mm, and the length
of the other wire was equal to [ = 5.4 mm. Wires
were fixed in a metal rod, which was located on
a protractor to determine the angle of deflection
of the longer wire to the relatively short one dur-
ing its immersion into oil. Angles of deflection
were fixed in accordance with Figs. 11-12.

Figure 12 shows that after immersion of
the probe in the convection cell at radius r, the an-
gle of deflection of about 1 + 0.5° appears. In or-
der to determine the velocity of mass transfer in
a cell on the angle deflection value, it is necessary
to calibrate the long wire of the measuring device.

Calibration of the long probe was carried out
in a vertical jet of water, which flows free from
a tap. To simplify the calibration procedure, wa-
ter was chosen. Regulating flow of water from
the tap with a valve, and measuring the diameter
of the water jet, the mass of water and time of its
expiration, and the velocity of water flow V can
be determined from the formula:

4M
Vy=—75—,
nd “pt

(6)

Fig. 11. The position of the probe before immer-
sion in oil

where M is the mass of water fallen into the mea-
suring tank, d is the diameter of the water jet, p is
the density of water, t is the time of water leakage
into the tank.

Speed of water leakage from the tap, calcu-
lated according to formula (6), corresponded to
the angle of the long wire deflection, introduced
into the jet perpendicular to the cylindrical sur-
face creating it.

The experimental data on the measurement
of dependence of the wire deflection angle on
the water velocity are presented in Table 2.

In order to describe the analytic dependence
of the probe deflection angle from the water flow
velocity, it is assumed that the probe is of a cy-
lindrical shape. In this case, the probe resistance
force to the oncoming water flow per unit of its
length F = 2xl sin(¢/2) is defined by the formu-
la of Stokes-Oseen [17]:

F=4mp,V (In(7.406 - R )™, (7)
where « is the stiffness coefficient of the cop-
per probe, ¢ is the angle of probe deflection
(degree), p, is the coefficient of water dy-
namic viscosity, R, = pV, d " is the Reyn-
olds number. The stiffness coefficient of the

Fig. 12. The position of the probe after immersion in oil

Table 2. Calibration data (table) on measurement of the probe deflection angle in water flow

No. MassMo’f n\:rlater, Time, t, sec Angle oz (:;frleeection, o, Diamet::‘r r:f jet,d, Velocitcy n?/fs:v:ter, v,
1 6 10 2 15 0.34
2 40 10 4 25 0.82
3 50 10 5 2.6 0.94
4 140 10 9 3 1.98
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copper probe k weakly depends on temperature
(decreases linearly with the increase of temper-
ature) in the range from room temperature to
500 °C [16].

Therefore, the ratio of stiffness coefficients of
the copper probe at room temperature x, and
oil temperature Koy 1S assumed about one, i. e.
kx', =L

Using the experimental data from Table 2,
and considering the fact that the coeflicient for
transfer of water velocity in oil is determined by
the value V /V_ = p .k /(nx,) = 10.0, a de-
pendence graph of the convective velocity of oil
on the wire deflection angle is constructed.

Figure 13 shows the calibration dependence
of the wire deflection angle from the velocity of
water, constructed to determine the velocity of
oil in a cell.

As it follows from this figure, the oil flow ve-
locity on the surface of a convective cell at a dis-
tance half of the radius from its axis is about
V., = 0.2 mm/sec.

The velocity of oil in a convective cell was also
measured visually, using a microscope MBS-9.
Aluminum powder concentration in oil was
29 mg/ml. The depth of the oil layer was 1 mm,
the diameter of the container with oil was 5.2 cm.
Velocity was measured in the following way.
The container with convective cells was placed

in the microscope instead of a glass slide so that
the surface area of oil was orthogonal to the optical
axis of the microscope optical head. A camera was
fixed instead of an eyepiece. It fixed the video of
marker movement (of the selected aluminum par-
ticle of the plate form) from the cell center to its
periphery. Figure 14 shows markers with arrows.
The frame-by-frame analysis of the video of mark-
ers allowed the estimation of their instantaneous
velocity. Analyses of a set of experimental data of
marker instantaneous velocities allowed determin-
ing the maximum radial velocity of oil.
Calculation of instantaneous velocity of mark-
ers showed that it undergoes random changes.

Fig. 14. Type of convective cells and position of markers

10

4 — Water
m - Oil
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¢, degree

n
»
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V, sm/sec

12 ‘14 6 48 20 22

Fig. 13. Dependence of calibration of the wire deflection angle on the velocity of water
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These changes are due to the rotation of markers
in a stream of oil carrying them, which is charac-
terized by the presence of the velocity gradient in
the direction, which is perpendicular to the flow of
traffic [15]. Rotation of marker changes the force
of carrying it along the flow. Therefore, the re-
sulting dependence of radial velocity of a parti-
cle on the radius was estimated on the envelopes
of experimental points of instantaneous velocity.
The envelopes are constructed in accordance with
an analytical expression of the dependence of ra-
dial velocity on the cell radius (2).

Figure 15 shows the values of radial veloci-
ties of particles in black squares, depending on
their position relatively to the center of a con-
vective cell (in relative units). Curves, envelop-
ing the experimental points in Fig. 15, determine

the dependence of radial velocity of a convective
motion of oil on the radius. As a result of such
constructions, one can conclude that the maxi-
mum radial velocity of oil in convective cells 1-4
amounts to 3.5-5.2 mm/sec.

Thus, it was shown in this part of the work that
the velocity of mass transfer in a convective cell
depends on dimensions of the cell and may be of
the order of 4.35 mm/sec.

CONCLUSIONS

This work substantiates the existence of an ele-
mentary convective cell by comparing the theo-
retical model and experimental data. The charac-
teristic velocities of fluid convection within a cell
were obtained experimentally.
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Fig. 15.3. Values of horizontal velocities of the particle for different
values of the cell R =1.78 mm

Fig. 15.4. Values of horizontal velocities of the particle for different
values of the cell R = 1.8 mm
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It was assumed that suspension near the bot-
tom of the vessel should be regarded as separate
environment with distinct density and viscosi-
ty compared with that of the pure oil. It moves
along the bottom layer of pure oil without fric-
tion. It allows considering boundary conditions
of the fluid layer as free. This assumption is sup-
ported by the results of numerical processing of
the experimental data on formation of convec-
tive rings on the surface of fluid, heated from
below, obtained by other authors.

As a result of the experiments on formation
of a cylindrical convective cell by the overlay of
the copper ring on the surface of oil, a qualitative
and quantitative correspondence of the theoreti-
cal model to the experimental data was shown.

Velocity of the horizontal flow of oil on the sur-
face of a convective cell with a diameter of 17 mm
was determined in accordance with the angle of
deflection of the movable probe. Its value is equal
to V,, = 0.02 cm/sec. For cells with a smaller dia-
meter (2 mm), the horizontal velocity of oil on
the surface of a cell was measured by the optical
method, and it equals 3.5-5.2 mm/sec.
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EKSPERIMENTINIS SKYSCIO JUDEJIMO
LAISVOSE ELEMENTARIOSIOSE
KONVEKCIJOS LASTELESE TYRIMAS

Santrauka
Elementariosios konvekcijos lastelés (EKL) formuoja-
mos horizontaliuose i§ apacios $ildomo skyscio sluoks-
niuose, jos eksperimentiskai tiriamos straipsnyje pri-
statytame darbe. Eksperimentiniy tyrimy rezultatai
apras$yti teoriniu EKL modeliu. Parodoma, kad pridé-
jus aliuminio milteliy j alyva ji paver¢iama suspensija,
o ribinés salygos ant kietos sienelés gali buti laikomos
laisvomis, kadangi yra slydimas grynosios alyvos juos-
ta. Ribiniy salygy pobudzio kitimas patvirtinamas
kity autoriy eksperimentiniais konvekcijos ziedy ant
sluoksnio pavirsiaus formavimo skaitmeninio apdoro-
jimo rezultatais. Straipsnyje aprasyti du nepriklausomi
metodai masés mainy greiciui skirtingo skersmens las-
telése nustatyti. Maksimalus didelio skersmens Iasteliy
(17 mm) masés mainy greitis buvo matuojamas ties
virSutine riba ant zondo nuokrypio kampo. I$matuotas
tokiu budu greitis lygus V= 0,2 mm/s. Mazesnio
skersmens lgsteliy (2 mm) alyvos greitis ant lastelés
pavirsiaus buvo matuojamas pasitelkus optinj metoda
gauta reik§mé nuo 3,5 mm/s iki 5,2 mm/s.
Raktazodziai: elementariosios konvekcijos laste-
lés, konvekciniai procesai, $ilumos mainai, temperatt-

ros gradientas, masés mainy lasteléje greitis



