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Abstract

An experimental study has been carried out investigating the fluidization behavior of a bubble ORIGINAL SCIENTIFIC PAPER
column with a bottom magnetic particle bed controlled by an external transverse magnetic
field. The magnetization-first/gas-scanning mode was applied, at up to 45 kA m1 field intensity,
with liquid superficial velocities of up to 20 mm s and with a gas flowrate of up to 8 m3 h'1,
Particle fractions of two different sizes of up to 1 mm were used. The focus has been both on Hem. Ind. 78(3) 161-172 (2024)
the three-phase magnetic particle bed expansion playing the role of a gas distributor and the
gas holdup of the abovepositioned two-phase section, as well as related column parameters.
Piezometric measurements have been performed that provided detection of the position of
the interface between the two column sections without visual observation, as well as the gas
holdup in the two-phase zone. The bed expansion was strongly affected by the bed state
created by the initially established liquid flow rate. The results showed that the intensity of the
field applied to the magnetic solids allows control both of bed expansion and internal bed
structure, so the applicability of magnetically assisted three-phase beed as a gas distributor in
bubble column seems promising.
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1. INTRODUCTION

Process control by application of a magnetic field is a technology for effective regulation of the motion of solids and
pertinent heat and mass transfer in fluidized beds (see [1] and the related parts of this series of systematic analyses).
Studies on this attractive approach to controlling fluidized beds have been performed applying various field intensities,
while most of the reported results have been on gas-fluidized systems due to the simpler design of experimental set-
ups than the liquid ones [1]. However, there have been studies on liquid-solid [2] and gas-liquid fluidization [3-7]
allowing efficient control of heat and mass transfer processes [8,9].

In the past decade of the 21 century, there have been some studies mainly concentrated on gas and liquid
fluidization of admixture of magnetic and non-magnetic particles [10-12], porous electrodes for electrochemical
reactors [13,14], pharmaceutical and biotechnological applications [15,16] but reports on three-phase (gas-liquid-solid)
beds are practically missing. Moreover, all recent studies mentioned above applied axial magnetic fields (parallel to the
column axis and the fluid flow), while studies applying transverse fields are missing.

This article reports experiments on a bubble column, with a bottom bed of ferromagnetic solids, controlled by an
external transverse magnetic field. The bed expansion, its role as a gas distributor, gas holdup, and relations of these
parameters to existing fluidization regimes are the focus of the study. This report is in tribute to the memory of the late
Professor Zeljko Grbavcic, a colleague and friend.

The specific aim of the study refers to the possibility of using a magnetically assisted particle bed as a gas distributor
in a bubble column by application of an external (steady state) transverse magnetic field. This solution avoids supporting
grids (meshes) or porous plates, commonly used in bubble columns, and allows applications to cases when gases
contaminated by fine solids are used. The measurements are focused on the magnetized bed expansion upon conditions
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imposed by the Gas-scanning mode [7], the gas holdup in the two-phase section, and piezometric measurements along
the entire column. A specific point coming from the piezometric measurements addresses the detection of the position
of the interface between the magnetic bed and the two-phase section.

The application of a transverse magnetic field rather than the common use of axial-oriented ones [7] is motivated by
the fact that such an orientation of the field lines allows for avoidance of channeling and the possibility offered by saddle
coils magnetic system [1,5,7,8,17] to cover volumes larger than in the case when an axial magnetic field is applied [3,4,5].

It should be noted that bubble sizes and distribution are not considered a topic too common in studies on bubble
columns since there was no bubble breakage by floating particle aggregates; such studies in magnetically assisted beds
are systematically analyzed in [7,8]

2. EXPERIMENTAL

2. 1. Experimental set-up

The experimental set-up shown in Figure 1 consists of a transparent perplex column (1.95 m in height and 0.1 m
inner diameter) with an assigned bottom conical section and a top-located degassing section (conical in shape)
containing a droplet separation plate. The bottom section is filled with lead spheres (3 mm in diameter and non-
magnetic) playing the role of a static mixer for gas and liquid flows supplied to the upper magnetic section of the column.
The magnetic field for controlling fluidization of the ferromagnetic solids was generated by a saddle-coils magnetic
system with a maximum field intensity of 45 kA m™ (see more details in [17]). The field orientation, transverse to the
column axis and the gas-liquid flow allows efficient control of the motion of the magnetic particles, breakage of the
particle aggregates, effective gas bubble breakage (bubble size reduction by mechanical contacts with solids) and avoids
channeling. It should be noted that in the case of the axial field i.e. parallel to the column axis and particle chains are
oriented in the same direction, there is a strong flow bypass through the bed.
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Figure 1. Experimental set-up

A set of vertical glass tube manometers with accessing points (pressure taps) located equidistantly (11 points with a
10 cm distance) along the column was used to measure hydrostatic pressures of the gas-solid-liquid and gas-liquid
sections (see the description of the experiment in the sequel), and further used to calculate the gas holdup and solid
phase concentration (controlled by the external magnetic field). A measuring scale mounted along the column for
measurement of the bed height and the length of different sections of the fluidized systems was used.
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2. 2. Materials used

The experiments were performed with air (supplied by a compressor) and water, at room temperature (20-22 °C) as
fluidizing agents. The upper limit of the gas supply flow was about 8 m* h'! allowing to study all possible fluidization
regimes and measuring the related system parameters. Liquid superficial velocities varied up to 25 mm s™.

Two sieve fractions of artificial (synthetic) magnetite with alumina doping (Catalyst Haldorf Topsoe, KM-1, Denmark),
commonly used for ammonia synthesis, of 0.8 to 1 and 0.3 to 0.4 mm, with a density of 5100 kg m™ were used as
magnetic solids. The minimum fluidization velocities concerning the liquid phase were, in the absence of a magnetic
field, determined visually from the point where the bed was completely fluidized (almost homogeneous unrestricted
motions of all solids through the entire bed volume).

Table 1. Magnetic solids used

Umin / m s
Material Sieve fraction, mm Density, kg m™3 Magnetization at saturation, kA m-! U min / m
10 g0
Catalyst Haldorf 0.8-1.0 5100 236.4 0.0203 0.309
Topsoe KM-1 0.3-0.4 5100 236.4 0.0038 0.158

Unmin - minimum fluidization velocities in the absence of a field; Uio and Ugo - minimum fluidization velocities by liquid and by gas

2. 3. Operating modes

The experiments were carried out following the Magnetization-first (corresponding to Fluidization-last) mode [1,7]
where the magnetic field is applied on an initially static particle bed, and fluidization starts after that. The fluidization
was by the Gas-scanning mode [7], where the liquid flow is established first and then the gas flow is increasing
incrementally.

3. CORRELATIONS FOR DETERMINATION OF PHASE HOLDUPS

Here we present the main correlations between the phase holdups in three-phase bubble columns as a base for
comparisons and what are the differences when the magnetic particle bed is undergoing fluidization by a gas-liquid
flow. Moreover, the focus is on how the piezometric measurements, as a common approach in such studies, can be
used to obtain the required information.

3. 1. Conventional relationships for three-phase systems (when a magnetic field is not applied)

From the measurements of the pressure along the column wall, at a given distance h from the magnetic bed base,
in the absence of a field, we have Equation (1):

Ph - Poed-base = hg (0s& + pLaL + pe&e) (1)
where h is the distance measured from the bed base, Ph is the pressure, Phed-base is the pressure at bad base, &, a and &
are solids, liquid and gas phase holdups, respectively.

Bearing in mind that the phase holdups are related as in Equation (2):

sta+tg=1 (2)
we can define these holdups by Equations (3) to (5):
1 AP
. = [pl-_J 3)
PP, hg
gs — Msolids (4)
pshbedA
1 (AP  —
£ = K__ngJrgSM (5)
PP\ hg P=Py

Here, AP is the pressure drop between two points at a distance h, Msoiigs is the mass of the magnetic solid phase, A
is the cross-section area of the bed (equal to the column cross-section area), and pi and pg are the density of the liquid
(water, with pi= 1000 kg m3) and gaseous agent (air, with pg= 1.24 kg m™3), respectively.
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3. 2. Specific conditions imposed by the measurement results when a magnetic field is applied

The above Equations (2)-(5) would be valid if the magnetic field does not affect the magnetic bed structure and the
particle mobility. In such a case, Equations (2)-(5) are valid and the relation (4) can be used to estimate the initial bed
porosity before the magnetic field application. Upon the action of the magnetic field and the induced interparticle
forces, we may use only the solid mass Msolids conservation relation, Equation (6):

Misolids = psAhbo&so = PsAhboso = & = (hvo / hb) &o (6)
where the solid mass in the initial fixed bad is given on the left side of the Equation (6), and the solid mass in the expanded
bed is given on the right side of the Equation (6). In Eq. (6) hwo and hp are the initial bed height and the height of the
expanded solids under fluidization conditions, respectively, with the corresponding solid phase holdups, &o and &.

Moreover, in such cases, it is impossible to define separately the liquid holdup (&) and gas holdup (&), but only the
overall void fraction (i.e. overall porosity) &, Equation (7):

sl=&+a=1-& (7)

This is a consequence of the fact that only the solid mass (and volume) remains constant during all regimes of the
bed upon fluidization, as expressed by Equation (6).

When the magnetized bed plays the role of a gas distributor and only the two-phase section above it is considered,
then Equation (1) can be reformulated as in Equation (8):

Ph - Poed-top surface = hg(oLeL + pe&e) = hg(pu(1-&5) + pese) = hg(pr - & (oL~ pe)) (8)

Equation (8) indicates a negative slope, almost linear, of the pressure drop profiles along the column wall that could
be verified experimentally.

Playing the role of a gas distributor the magnetized bed keeps a fixed structure, resembling a porous medium, and
therefore, measurements of the hydraulic pressure drop along its height are proportional to the density of the gas-solid
mixtures pL (1-&) in its free volume without any effects of the solid phase (it is not suspended by the fluid and does not
affect the pressure drop measurements). That is, upon the fixed liquid and gas velocities, and field intensity, the pressure
drop is determined by Equation (9):

Ph-top - Pbed-base = hog o1 (1-&) (9)

Thus, we may expect almost linear pressure drop profiles along the magnetized bed (see further in section 4.1.).

3. 3. A conjecture pertinent to the detection of the bed top surface

Therefore, to close this point and related explanations, we expect to get from measurements two almost linear
pressure drop profiles corresponding to two different physical behaviors of the column sections. Since, the boundary
between these sections is the magnetic bed top surface, the conjecture used in this work and experimentally verified is
that the linear approximations of these two pressure drop profiles would allow detecting the magnetic bed top surface
position even in cases when the column wall is not transparent.

Thus, as follows from the above explanations, the aim was to demonstrate the role of a magnetized bed as a gas-
distributor for a two-phase column making such a construction more flexible when dusty gases, for instance, are used,
where porous plates, metallic grids, and perforated tubes face problems with clogging, as it was briefly mentioned in
section 2. 1. Additionally, studies on bubble breakage by particle aggregates are lacking, while systematic information
about hydrodynamic effects are available in [7] and mass transfer related issues are analyzed in [8]. We guess that this
remark provides enough additional information so that misinterpretations of the following experimental results are
avoided.

4. RESULTS AND DISCUSSION

4. 1. Initial bed expansion in the liquid fluidization mode

The particle bed pressure drop exhibits a strong hysteresis with increases/decreases in the liquid velocity as a sole
fluidizing agent. The area of the hysteresis loop depends on the field intensity and is strongly related to the particle
aggregations and their field-aligned orientation transverse to the fluid flow (see Figs. 2 and 3). Moreover, the particle

164



J. Y. HRISTOV and R. D. PESIC: MAGNETIC FIELD CONTROLLED CO-CURRENT BUBBLE COLUMN Hem. Ind. 78(3) 161-172 (2024)

strings are induced by magnets, and the repulsive forces between them increase the apparent bed porosity, if the
porosity of the aggregates is not considered [1]. This increased free bed volume, allows better gas-liquid mixing with an
increased gas flow rate once the gas-scan mode was applied, due to increased bed voids and particle aggregates induce
a turbulent fluid flow. The upper limit of the fixed bed defined by the minimum liquid fluidization velocity depends on
the field intensity applied, which in general increases as the magnetic field intensity is increased (see Fig. 4). All these
preliminary measurements are important to understand the behavior of magnetized solids.
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Figure 2. Magnetized bed expansion hysteresis (i.e. bed height) as a function of increasing and decreasing liquid flow at different
field intensities: a) H = 4200 Am™ b) H=8400 A m c) H=12600 A m™. Particle fraction 0.8-1.0 mm
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Figure 3. The overall picture of magnetized bed expansion and the definitions of the column sections: a) Ao - initial fixed bed;
b) A - magnetically stabilized bed (MSB); B - two-phase (bubbling) section; C - lean unstable bed at the interface with the two-phase

section; c) C - three-phase fully fluidized bed; d) C - complet column three-phase fluidized bed
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Figure 4. Minimum fluidization velocity concerning the liquid flow as a function of the field intensity applied. Particle fraction 0.8 to
1.0 mm

For the particular case shown in Figure 4, the data could be correlated by a power law, Equation (10):

Uwo=aH’ (10)

The parameters were determined as a = 1.05x103 m? A s, and b = 6.339, which is a dimensionless exponent, with
R =0.9995, a standard error of 2.007x10°®, estimated by SigmaPlot software (Grafiti LLC, CA). The units of U and H are
asin Figure 4.

4. 2. Magnetized bed expansion

As can be seen in schematic representation of magnetized bed expansion (Fig. 3), two major sections in the column
are distinct at some magnetic field intensity applied. The lower part of the column consists of a three-phase (gas-liquid-
solids) section and the upper part of the column consists of a two-phase (gas-liquid) section. Since the upper section is
practically similar to the freeboard region in the classic bubble column, the lower section is of particular interest, as
different bed structures are established due to the application of gas-liquid flow and the external magnetic field. When
the liquid velocity is lower than the minimum liquid fluidization velocity and the gas velocity is lower than the minimum
gas fluidization velocity, at some magnetic filed intensity, the three-phase section is in the initial fixed (unfluidized) bed
regime (Fig. 3a). By increasing the gas velocity, the bed expandes slowly, without unrestricted mixing motions of
particles, indicating the beginning of stabilization of the bed by the action of the magnetic field. Thus, it demonstrates
the well-known behaviour of magnetically stabilized bed (MSB). At some higher gas velocity, on the top of the MSB,
there is a small lean unstable three-phase fluidized bed at the interface with the two-phase section (Fig. 3b). The upper
limit of MSB is its breakdown at the fluidization onset, i.e. minimum gas fluidization velocity. Three phase section
become a fully gas-liquid-solid fluidized bed (Fig. 3c). When the gas velocity is high enough, the two-phase section
evolves into a complete column three-phase fluidized bed (Fig. 3d).

Upon the simultaneous action of the external magnetic field and the incrementally increasing gas superficial velocity
from 0.124 m s, the bed expansion (see Figure 5) is strongly affected by the “background” created by the initially
established liquid flow rate (below the minimum fluidization point concerning the liquid-solid bed). The plots in Figure 5
correspond to the height of the interface between the the three-phase and the two-phase sections in the magnetized
bed (see Fig. 3) i.e. each of these lines separates the diagrams in Figs. 5a and 5b into areas. At lower gas velocities the
magnetized bed height is constant, so the areas below the bed expansion lines correspond to initial fixed beds at some
field intensity applied, while beyond these lines there are bubbling sections. At higher gas velocities magnetized bed
height increases with increasing gas velocities and the areas below the bed expansion lines are corresponding to MSBs,
while beyond these lines there are fluidized beds where the section A in Fig. 3 disappears and only sections C (fluidized
three-phase bed) and section B (two-phase gas-solid section) remain.
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Figure 5. Magnetized bed expansion in the gas-scanning mode at three different liquid velocities (below the minimum fluidization
point concerning the liquid-solid bed) and two distinct field intensities: a) H = 8400 A m™ and b) H = 21000 A m*%; liquid superficial
velocity: 1 - U=4.246 ms'1; 2 - U, =10.615 m s'}; 3— U, =16.982 m s%; fraction 0.3 — 0.4 mm.

4. 3. Minimum gas fluidization velocity

The minimum gas fluidization velocity of the magnetized solids, in general, decreases with the increase in the liquid
velocity (see Fig. 5). The plots in Figure 5 reveal the field intensity effect, that is, increased minimum fluidization velocity
as the field intensity is increased, an expected and physically clear effect due to increased interparticle forces and
formation of particle aggregates. Besides, with an increase in the magnetic field intensity at a constant liquid velocity
bellow minimum fluidization velocity for liquid solely, the height of liquid-solid bed increses (see Fig. 2) and the liquid
holdup increases, the particles are more firmly connected in strings and thus the hydraulic resistance of the bed
decreases. This has the consequence that once gas is introduced into the system (gas-scanning mode), a higher gas
velocity is required in order to break the fixed structure of the bed thus formed and fluidization to be developed.
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Figure 6. Minimum fluidization velocity concerning the gas flow as a function of the liquid velocity (below the minimum fluidization
point concerning the liquid-solid bed) and three intensities of the applied magnetic field. Particle fraction 0.8-1.0 mm

For the plots in Figure 6, the general behaviour of the relationship Us.mf= f(UL, H) is to a greater extent exponentially
decaying and can be presented as:

Us-mf = knexp(-bUL) (12)
where the pre-factor k1 and the rate coefficient b depend on the field intensity applied (see Table 2 - data correlation
carried out by the software package SigmaPlot).
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Table 2. Data correlations of the minimum gas fluidization velocity related to the plots in Figure 6 and correlated by Eq. (11)

H/kAmt ki/ m st b/smt Standard error R
4200 0.4763 0.2163 0.0306 0.901
8400 0.4865 0.170 0.0252 0.923
12600 0.5442 0.448 0.0252 0.923

4. 4. Piezometric measurements

Next, the focus was on the data obtained by measurements of the pressure drop profiles along the column axis as
commented earlier. This allows us to address: the indirect measurements of the magnetized bed height, the magnetized
bed porosity, and the gas holdup in the two-phase section.

4. 4. 1. Magnetized bed height

The piezometric measurements provide creation of useful pressure drop profiles and comparison of the results
thereof with visual bed expansion measurements, precisely the position of the interface separating the three-phase and
the two-phase sections of the column. The background used in the data treatment was explained in detail in section 3.

As it is shown in Figure 7 the pressure drop lines change their slopes at the points corresponding to this interface, as
suggested by the conjecture in section 3.3. Comparison with the visual observations (see Fig. 8) reveals that there is a
satisfactory correspondence between the graphically and the visually determined magnetized bed heights, especially for
low and medium field intensities. For the high-field intensity, the discrepancy may reach 10 %. The utility of this result is
that piezometric measurements and determination of the specific point of the change in pressure drop slopes allow
determination of the interface between the two major zones of the column, even in cases when the column wall is not
transparent.
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Figure 7. Pressure drop profiles along the vertical column axis determined by the piezometric measurements. The solid lines
approximate only the tendency in the pressure drop changes and are not related to any analytic data fittings. The green line shows
the points where the pressure drop lines change their slopes, thus indicating the position of the interface B-C (see Fig. 3). Particle
fraction 0.8 to 1.0 mm.

4. 4. 2. Phase holdups

The overall porosity of the magnetized bed (see Fig. 9) increases almost linearly (the approximate green lines) with
the gas velocity beyond the minimum fluidization point with a strong effect of the applied field intensity. That is, the
stronger the field intensity, the higher the magnetized bed porosity. Since the magnetized bed plays the role of a gas
distributor, generating bubbles for the above two-phase section, the increase in the gas velocity yields an increase in
the gas holdup, which is an expected result. The measurements, as can be seen from the plots in Figure 10 reveal that
the effects of the field intensity are not strong, even though there is a slight increase in & with the increase in the field
intensity. This could be attributed to the fact that stronger fields create stronger (stable) magnetic particle structure,
and this results in finer gas bubbles generated at the magnetized bed top interface.
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Figure 9. Magnetized bed overall porosity &y (combined gas and liquid holdups) as a function of the gas superficial velocity at two
distinct intensities of the magnetic field applied. The green solid lines only show almost linear behavior but are not the results of
data fittings. Particle fraction 0.3 to 0.4 mm
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Figure 10. Gas holdup in the two-phase section (when the magnetized bed plays the role of a gas distributor) as a function of the gas
velocity. Particle fraction 0.3-0.4 mm.

4. 5. Outlining of the main results

The presented study concerning a bubble column with a magnetized particle bed as a gas distributor is unique even
though there are many studies with applications of transverse magnetic fields [1,2,6,7,8,17]. It can be considered as an
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upgrade of the research in this field, knowing that there is no literature evidence about three-phase systems under

transverse magnetic field.

The main results and contributions can be outlined as follows:

1. It has been demonstrated that a magnetic particle bed can be used as a gas distributor with a structure preliminarily

determined by the simultaneous action of both the applied magnetic field and the liquid velocity,

2. The magnetic field intensity allows control of the interparticle forces, thus the bed internal structure and the
hydraulic resistance are under remote control,

3. Successful applications of piezometric measurements taking into account the specific conditions due to the imposed

magnetic field allowed to create an approach to detect the position of the interface between the magnetized bed

and the two-phase section.

5. CONCLUSIONS

This note presented experimental results on a bubble column with a bottom-placed bed of magnetic solids,

controlled by an external magnetic field oriented transversely to the column axis. The field orientation and the magnetic

system design as saddle coils allow an extended zone of the magnetic bed expansion and control of the bubbles

generated at its surface and consequently the gas holdup in the two-phase section above. The pressure drop curves

taken from piezometric measurements allowed us to determine the phase holdups in both in the three-phase and two-

phase sections as well as the position of the interface between them. The obtained results and the used approach

indicate potential benefits for wider applications of transverse magnetic fields in three-phase systems.

NOMENCLATURE

A/ m?2 Cross-sectional area of the bed

b/sml Rate coefficient in Eq. (11)

g/ ms? Gravity acceleration

h/m Distance from the magnetic bed base

hpo / m Initial bed height upon the action of the magnetic field
hp/ m Expanded bed height upon the action of the magnetic field
H/ Am1 Magnetic field intensity

ky / ms? Pre-factor in Eq. (12)

M/ Am?t Magnetization at saturation

Msoiias / kg Mass of magnetic solid phase

Pn/ Pa Pressure at distance h

Phtop/ Pa Pressure at the top of the bubble column

Pbed-base / Pa Pressure at bed base

Poed-top surface / Pa  Pressure at bed top surface

Us/mst Gas superficial velocity

U /mst Liquid superficial velocity

Usmf/ mst Gas superficial minimum fluidization velocity in the presence of a magnetic field

GREEK LETTERS

& Gas phase holdup

a Liquid phase holdup

&l Magnetized bed overall porosity
& Solid phase holdup

&0 Solid phase holdup in initial bed

AP/ Pa Pressure drop between two points;
pg/ kg m3 Density of the gas phase

p1/ kg m3 Density of the liquid phase

ps/ kg m3 Density of the solid phase
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Barbotazna kolona sa istostrujnim tokom faza u transferzalnom
magnetnom polju

Jordan Y. Hristov! i Radojica D. Pe$i¢?

IKatedra za hemijsko inZenjerstvo, Tehnolosko-metalurski univerzitet u Sofiji, Sofija, Bugarska
2Univerzitet u Beogradu, Tehnolosko-metalurski fakultet, Katedra za hemijsko inZenjerstvo, Beograd, Srbija

(Naucni rad)

Izvod Kljucne reci: Trofazni magnetno stabi-
U radu je dat prikaz eksperimentalnih rezultata dobijenih u barbotaznoj koloni sa magnetnom cvrstom lisani sloj; ekspanzija sloja; zapreminski
fazom smestenom na dnu kolone, kao raspodeljivaéem dvofaznog toka gas-tecnost, pod dejstvom udeo gasa

poprecnog magnetnog polja. Najpre je obezbeden protok tecnosti kroz pakovani sloj Cestica, zatim je
takav sloj podvrgnut dejstvu magnetnog polja, a na kraju je uspostavljen protok gasa kroz sloj, koji je
obezbedio uspostavljanje fluidizovanog sloja Cestica. Eksperimenti su izvedeni pri intenzitetima polja do
45 kA m, povrsinskim brzinama te¢nosti do 20 mm s* i protocima gasa do 8 m? h-%, Kori$¢ene su frakcije
Cestica dva razliCita opsega precnika, do 1 mm. Fokus je bio na ekspanziji trofaznog sloja magnetnih
Cestica, koji igra ulogu distributora gasa, kao i na zapreminskom udelu gasa u dvofaznoj sekciji kolone
koja se nalazi iznad trofaznog sloja, a takode i na drugim odgovaraju¢im parametrima sistema. IzvrSena
piezometarska merenja su pokazala da je na osnovu njih moguce odrediti poziciju granice izmedu dve
sekcije u koloni bez vizuelne detekcije te pozicije, kao i odredivanje sadrZaja gasa u dvofaznoj sekciji
kolone. Na ekspanziju sloja snazno je uticalo stanje sloja stvoreno inicijalno uspostavljenim protokom
teCnosti. Rezultati su pokazali da intenzitet polja primenjenog na magnetne ¢estice omogucava kontrolu
kako ekspanzije sloja tako i unutrasnje strukture sloja, na osnovu kojih se prepoznaje potencijalna
primenljivost magnetno stabilisanog trofaznog sloja kao distributora gasa u barbotaznoj koloni.




