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MASSTRANSFER FEATURES IN THE APPARATUSES WITH A MOVING NOZZLE IN A THREE-
PHASE FOAM LAYER

The improvement of heat and mass exchange equipment for sorption processes in the countercurrent contact of gas and liquid in combined block
elements with a weighted spherical nozzle, as well as a more in-depth study of this process, is an urgent task of chemical technology. A fundamentally
new type of ball-shaped three-dimensional mesh fluidized nozzle was developed and researched, the bodies of which are made of polymer layers with
holes, and a freely coiled metal or polymer mesh is located inside. The nozzle has a high specific surface area, developed firee volume and low bulk
density. The study of mass transfer in the liquid and gas phases was carried out and the corresponding calculation equations were obtained.
Dependencies for the calculation of the mass transfer coefficients and the efficiency of the combined block element on the mode and design
parameters are established. The results of calculations based on the obtained dependencies show a sufficient correlation with the experimental data.
The proposed model of the desorption process of carbon dioxide from water, which allows predicting the values of the efficiency indicators of the
decarbonization process. It was established that the use of a combined block element with a ball-shaped nozzle allows to increase the mass transfer
coefficients compared to the failure plate. The industrial implementation of absorption processes in the foam layer and the use of the gas-liquid layer
stabilization method significantly expands the scope of application of foam apparatuses and opens up new opportunities for intensifying technological
processes. Previously expressed assumption about the perspective of using mesh materials for the manufacture of nozzle bodies was confirmed by
experiments, but the peculiarity of the operation of devices with similar nozzles should be emphasized.
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OCOBJINBOCTI MACOOBMIHY B AITAPATAX 3 PYXOMOIO HACAJKOIO B TPU®AZHOMY
INIHHOMY IIIAPI

Yoockonanenns mennomacooOminnozo 061a0HanHA ON5L COPOYIHUX Npoyecie npu NPomumediuHomy KOHmMAaxkmi 2asy i piouHu 6 KOMOIHO8AHUX
ONOYHUX eleMeHmax 3 008UANCHEHOIO CHEPUUHOIO HACAOKOI0, d MAKONC OiNb No2nubIeHe 00CIONCEHHS YbO20 NPOYecy € aKMyaibHUM 3a60AHHIM
Ximiunol mexnonozii. Po3pobieno ma 0ocniosnceno npuHyuno6o Ho8Uil mun KyJasicmoi mpusumipHoi cimuacmoi ncegio3piodxiceHoi HacadKku, Kopnycu
AKOI 6UKOHAHI 3 WAPIE NONIMepy 3 OMBOPaMU, A 8cepeOuni po3mMawosana GilbHo Hasuma memaneéa abo nonimepna cimka. Hacaoka mae eucoxy
NUMOMY NOBEPXHIO, PO3GUHEHUL BITbHULL 00'€M | HU3bKY HacunHy eycmuny. IIpogedeHo 00cniodceHHs MAco0OMIHYy 6 pIOKill i ea308ill ¢ghazax ma
OMPUMAaHo GiONOGIOHI PO3PAXYHKOSI PIGHAHHA. Bcmanosneno 3sanedxcnocmi Onsi po3paxyuky Koeghiyicumie macogiooaui ma eghekmusHocmi
KOMOIHO8aNH020 6IOYHO20 eNleMEeHMa 6i0 PeHCUMHUX | KOHCMPYKMUSHUX napamempis. Pesynomamu pospaxyHkie 3a ompumanumu 3anexCHOCHAMU
NOKA3VIOMb 00CMAMHIO KOPENYito 3 eKCHepUMEeHMANbHUMU OaHUMU. 3anponoHogana mooens npoyecy O0ecopoyii diokcudy eyeneyrr 3 800U, sKd
00360/15€ NPOCHO3YEAMU 3HAYEHHA NOKAZHUKIG eghekmusHocmi npoyecy oexapbowizayii. Bcmanoeneno, wo 6uKOpUCmManHs KOMOIHO8AH020 OI0YHO20
eneMenma 3 KyaenooibHol0 HAcAOKoI0 00360JA€ NIOGUWUMU Koe@iyichmu maconepedayi @ NOpigHsHHI 3 NPoeaivbHolo mapiikow. Ilpomuciosa
peanizayis npoyecie abcopbyii 6 NIHHOMY wWapi mMa BUKOPUCMAHHA Memoody cmabinizayii 2az30piOUHHO2O WAPY 3HAYHO POWUPIOE Chepy
3ACMOCYBAHHSL NIHHUX anapamis i 8I0KPUSAE HOGI MONCIUBOCMI OJisl IHMEHCUpIKayii mexHono2iuHux npoyecis. Paniwe suciosiene npunywenns npo
nepCneKmueHicms GUKOPUCMAHHA CIMYACMUX MAmepianié Ons GU20MOGNeHHs KOPNYCi@ HACAOOK NiOmMeEepOunocs eKCnepuMenmamu, ane cuio
niokpecaumu 0cooaugicms pooomu anapamis 3 NOOIOHUMU HACAOKAMU.

Knouosi cnosa: mexnonoziune npoekmyeanHs ma OU3auH; MACOOOMIH, KOMOIHOBAHUL ONOK-eleMenm, HMeHCUSHUl anapam,; mpupasna
63acM00isi; nepoposana mapinka; mypoyizayis,; pyxoma nacaoka; oexapbounizayis; npoyecu abcopoyii ma 0ecopoyii; gyenexuciuil 2as

Introduction. Heat and mass transfer processes
between gas and liquid are widely used in the chemical,
oil refining, and energy industries. One of the promising
directions of intensification of the mass transfer process is
the development of devices using the principle of
interaction of gas-liquid flows in a layer of moving
bodies, so-called foam devices with a three-phase
fluidized layer of an irrigated nozzle.

Compared to traditional plate and packed columns,
foam devices with a three-phase fluidized bed have the
following advantages:

- the possibility of working in a wide range of gas
velocities without a significant increase in hydraulic
resistance, which is especially important for gas
purification processes in conditions with frequently
changing flow velocities, both decreasing and increasing;

- practically uniform distribution of the liquid phase
over the entire cross-section of the apparatus and
complete washing of the surface of the nozzle with liquid,

which leads to an increase in the mass exchange surface;

- turbulence of gas and liquid flows, which ensures
high heat and mass transfer coefficients;

- the possibility of intensifying the work of
absorption columns equipped with falling plates by using
fluidized nozzles.

The modern trend is to combine and combine plate
and plug contact devices in one device. To increase the
productivity of columns sectioned by plates, drop-type
plates with a large free cross-section are used. However,
such plates have low efficiency because they work at
large values of splashing. In order to reduce the impact of
splashing on the efficiency of the plate, in addition to the
weighted nozzle, separators of a special design are placed
in the separation space between the failed plates, which
work as stabilizers of the three-phase foam layer when the
apparatus is operating in the advanced bubbling mode [1].

Current status of the problem. There are also
reports in the literature about laboratory studies of devices
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with a fluidized bed of an irrigated nozzle of various
configurations. For example, spherical nozzles were
tested in works [2]. The work [3] describes nozzles in the
form of rings. In the following years, research was
conducted mainly on the ball nozzle, as it is the simplest
in terms of design and manufacturing method. Such
studies are described in works [4].

Different designs of devices with a three-phase layer
of irrigated nozzle are known, which differ in the type of
nozzle and the nature of its movement, in the design of
the support and distribution grid, which holds the grid,
nodes for supplying gas, liquid, etc [5].

Apparatuses with a three-phase layer are divided
into apparatuses with cross-flow, counter-flow and
upward direct-flow movement of phases according to the
organization of movement of gas and liquid flows on the
plate.

In work [4], the nature of the movement of the
nozzle bodies in the working volume is the basis for the
classification of countercurrent devices with a fluidized
bed of the irrigated nozzle; according to which devices
with a weighted nozzle, with a gushing nozzle, with a
rotating nozzle and a circulating nozzle, with a regular
moving nozzle and combined devices with a moving
nozzle are distinguished.

Devices with a weighted nozzle [5] differ from
others in the chaotic and pulsating nature of the
movement of nozzle elements in a suspended state.
Apparatus with a weighted nozzle can be sectionalized,
that is, they use different partitions, inserts, stabilizers or
grids of large free cross-section, which divide the cross-
section of the apparatus and its working area into separate
sections. In such devices, the issue of a large-scale
transition from laboratory models to industrial columns is
successfully solved without a particular change in the
efficiency of mass and heat exchange.

Devices with a jet nozzle use zigzag or conical
plates. In devices with a gushing nozzle with zigzag-
shaped plates, the gushing of the nozzle occurs in the
central part of each zigzag. To prevent accumulation of
the nozzle in the depressions of zigzags, the perforated
part of the plate can be made in the form of a perforated
or slotted horizontal plate.

The basis of devices with a circulating nozzle and a
rotating nozzle [6] is the circulating or rotary movement
of the nozzle, which is organized with the help of
additional paths, various methods and special devices.

In the working area of devices with a circulating
nozzle, there is an upward movement of the nozzle, which
returns to the grid through external transport paths or
internal zones in the device body. The rotation of the
nozzle is carried out in different ways in the working area
of the device. One of them is a gas stream pre-swirled by
means of directional grid nozzles.

In other cases, upper limiting grids or reflectors in
the form of hemispheres, perforated inclined plates, etc.
are used, which give the nozzles a rotational movement.

Devices with gushing and circulating nozzles work
at high gas velocities and have high hydraulic resistance.

In devices with a regular movable nozzle, nozzle
bodies can be freely mounted on rigid strings or, on the
contrary, rigidly fixed on flexible strings. In the first case,
the strings are stretched between the walls of the case or
between the bars, the nozzle moves only along the string;
at the same time, the run of each nozzle element along the
string is limited. Flexible strings with a rigidly fixed
regular movable nozzle are cantilevered to the wall of the
device or to the bars.

A common design of the nozzle, in which one end of
the string with the nozzle is fixed from above to the
mounting grid, and the other end is freely passed through
the opening of the distribution grates. The elasticity or
flexibility of the strings allows the nozzle elements to
perform  transverse and longitudinal oscillating
movements under the influence of the currents.

Regular movable nozzles are difficult to operate and
work with increased gas loads.

Combined devices with a moving nozzle are even
more complex designs that combine elements of fluidized
bed and bubble devices.

The most common in industry are devices with a
weighted fluidized nozzle, which are structurally simpler
and can be improved in the direction of reducing energy
consumption, which is important for gas purification
processes [7].

Currently, in order to reduce the energy costs for
carrying out the mass transfer process, it is advisable to
use packing bodies made of foamed and mesh materials
[8], since these materials make it quite easy to
manufacture packing bodies with a highly developed
phase contact surface, which at the same time have a low
bulk density, which is confirmed studies presented in the
work [9]

A new design of a stabilizer with a large free volume
and a movable spherical nozzle was developed [1]. The
advantage of the proposed design is the transition to a
structured foam mode of operation at relatively low gas
speeds, as well as a developed inner phase contact
surface. The cellular structure of the stabilizer and
movable nozzle makes it possible to achieve increased
values of mass transfer coefficients due to the effect of
film formation in small cells. The structure has high
porosity and relatively low hydraulic resistance.

Placed between the dip plates, the stabilizers
themselves are an additional phase contact zone. For
stable operation in combination with drop-type plates of a
large free section and a weighted nozzle, the design of the
stabilizer must allow high gas and liquid performance,
have relatively small hydraulic resistance and have good
separation characteristics.

A fundamentally new three-dimensional spherical
hollow nozzle was also developed, the advantage of
which is the transition to a fluidized state at relatively low
gas velocities, as well as a developed surface of phase
contact both in a stationary position and in dynamic
mode. The cellular structure from which the nozzle is
made allows to achieve increased values of mass transfer
coefficients due to the effect of film formation in small
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cells [10]. The nozzle has a high porosity and relatively
low hydraulic resistance. Depending on the selection of
material, the nozzle can have different wettability.

The new movable nozzles are simple in design and
have a relatively low cost, which allows them to be
effectively used in absorption-desorption processes,
including for the purification of gases from various
industries, in cooling towers and for decarbonization in
circulating water and heat supply systems, in a number of
other heat processes - and mass exchange.

The section of the column apparatus has a wide
working range, and is a combination of a mass exchange
plate with a movable spherical nozzle in combination with
a stabilizer of the foam layer, which is also a separator
that reduces splashing between sections [11].

Such a combined block element with a weighted
spherical nozzle and a stabilizer can work at high
velocities of both gas and liquid phases, which allows
increasing the productivity and efficiency of mass transfer
columns. In devices with similar combinations of contact
devices, higher values of mass transfer coefficients can be
obtained with lower specific energy consumption, which
determines their high energy efficiency. At the same time,
the hydrodynamic and mass transfer processes for such
sections in active hydrodynamic regimes have not been
sufficiently studied, and there are no methods of their
engineering calculation in the literature [12].

Research methodology. A new design of the
stabilizer with a large free volume and spherical nozzles
was developed. The advantage of the proposed design is
the transition to a structured foam mode of operation at
relatively low gas velocities, as well as a developed phase
contact surface. The cellular structure of the stabilizer and
the nozzle makes it possible to achieve increased values
of mass transfer coefficients due to the effect of film
formation in small cells. The structure has high porosity
and relatively low hydraulic resistance. Depending on the
material selection, the structure can have different
wettability. The new designs are simple and have a
relatively low cost, which allows them to be effectively
used in the processes of purification of waste gases in
various industries, in cooling towers of recycled water
supply systems, in a number of other heat and mass
transfer processes, including by modernizing existing
plants.

To study the hydrodynamic parameters, contact
elements were selected - stabilizers, which are packages
or blocks assembled from steel flat and corrugated sheets
of metal mesh at an angle of 30, 45, 60, 90°.

The combined contact block consists of a hole plate
and one or two contact elements acting as stabilizers, and
a movable ball-shaped nozzle located inside the block.
The bubbling layer is formed on hole plates on which a
movable nozzle is located. The design features and
operating modes allow the system to self-clean from
possible dispersed inclusions and operate for a long time
without stopping for cleaning. The new designs are
simple and have a relatively low cost, which allows them
to be effectively used in the processes of gas cleaning in

various industries. The most suitable way to study mass
transfer in the liquid phase is studying the process of
desorption of CO, from a saturated liquid into an air
stream. The methodology of such a study is fully
presented in the work [13]. Experimental installation for
gas-phase mass transfer is shown on Figure 1.

To monitor the mass yield in the gas phase,
ammonia was collected in the container of the absorbed
component, and water was collected in the clay container.
The air looked like an inert gas that does not dissolve in
the water. A combined block element 2 is located inside
the column 1. An air-ammonia mixture was supplied from
the bottom of the column, which was obtained by mixing
ammonia from the cylinder 12 with air pumped by the gas
blower 5. Irrigation water was supplied to the top of the
column from the water supply system through a liquid
distributor. Ammonia water of weak concentration,
formed as a result of absorption, was discharged into the
sewer, and the air was discharged into the atmosphere.
The consumption of water and ammonia was regulated by
valves 9 and measured, respectively, by rotameters 8.

Gas

Liquid

Liquid

Figure 1 — Experimental equipment setup for studying
mass transfer in the gas phase
1 — column; 2 — combined contact element block; 3 — liquid
distributor; 4 — gas distributor; 5 — gas blower; 6 — measuring
pipe; 7 — Pitot tube; 8 — rotameter; 9 — valves;
10 — diffmanometer; 11 — samplers; 12 — ammonia
cylinder; 13 — pump

The mass yield in the gas phase was studied on a
stand with a 0,24 m column under the conditions of
ammonia absorption by water. Ammonia absorption was
carried out at a gas velocity = 1 - 5 m/s using the
stabilization of a three-phase foam layer on perforated
plates with a weighted spherical nozzle. Liquid
consumption was from 1 to 15 m’/m*h. The stabilizer
was installed above the canvas of the perforated plate at a
height of 0,30 m.

Ammonia was determined by sampling followed by
titration. The sampling procedure was carried out as
follows: the water supply valve was opened and the
required flow rates were set. Then the gas blower was
started and the air flow was set, which corresponded to
the visual foam mode. Valve 9 was opened for ammonia
supply and its consumption was set. After 5 minutes, gas
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samples were taken at the bottom and top of the column
and a liquid sample at the bottom of the column. The
temperature of the medium was 20°C. Then the sampling
was repeated again. At the end of the measurements, the
ammonia supply was closed, the gas blower was turned
off, and the water was shut off. The experiment was
performed at atmospheric pressure. The ammonia in the
sample was determined according to the method [14]
using phenolphthalein, sulfuric acid solution, and sodium
hydroxide solution. The costs and amount of absorbed
ammonia were determined by the material balance of
absorption [15].

Research results. Effective operation of mass
transfer devices is achieved with a certain combination of
values of the mass transfer coefficient K and the

efficiency coefficient 7, which characterizes the
efficiency of the process.

The research of mass transfer in the gas phase was
presented in [13] by the propose of a mathematical model
for calculating the efficiency of CO, extraction from
water, and to perform calculations of new nozzles for
which there is no experimental data on the effectiveness
of decarbonization.

During the research of mass transfer in the gas
phase, patterns of ammonia absorption from the main
parameters of the experiment were revealed: gas velocity
in the cross-section of the column, ammonia
concentration, free cross-section of the perforated plate,
loads on the liquid.

During experiments on ammonia absorption Figure
2, it was found that the efficiency of the apparatus
depends on the change in gas velocity.

The efficiency coefficient is significantly higher
when using stabilization with a plate with a smaller free
cross-section, such a plate has a greater hydraulic
resistance. This can be explained by the fact that plates
with a smaller free cross-section contribute to a greater
retention of liquid on the plate, as well as the formation of
a higher height of the three-phase layer, increasing the
mass transfer surface.
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Figure 2 — Dependence of the efficiency factor for the ammonia-
water system in a combined block element with a spherical

nozzle on the gas velocity
Lo=5 m*m’h; 1 — Sp = 0,217 m*/m? (first modification); 2 — S,

= 0,137 m*m? (first modification); 3 —S = 0,217 m*/m? (second
modification); 4 — Sp = 0,137 m*/m? (second modification)

After considering the experimental data presented in
Figbre 3 it can be stated that an increase in the free cross-
sectional area leads to a decrease in the efficiency of the
block element.

From Figure 4 it can be seen that the irrigation
density has an effect on absorption only up to 10 m*/m*h,
then its effect stabilizes and does not increase
significantly. When installing the stabilizer, the values of
the coefficient of useful action in the combined block
element with a weighted spherical nozzle were observed
to stabilize even when the concentration of ammonia
changed Figure 5. Such a dependence of the efficiency
coefficient confirms the proposition about the efficiency
of the proposed design when changing the technological
modes of the equipment, and makes it possible to use
known methods for calculating the number of stages to
achieve the given efficiency of the process.

85 \
oL NN
75 - \ -;
70 - ! \

65 - - \:::

60

n, %

0 005 01 015 02 025 03 035 04 045
So, m2/m? 1 =2

Figure 3 — Dependence of the efficiency factor in the ammonia-
water system in the combined block element with a weighted
spherical nozzle on the free cross-section of the perforated plate
Wg=3m/s,Ly=5 m®/m’h, concentration of NH; = 2%. 1 — the
first modification of the nozzle, 2 — the second modification of

the nozzle
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Figure 4 — The dependence of the efficiency coefficient for the
ammonia-water system in the combined block element on the
irrigation density
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Wg =3 m/s, concentration of NH; = 2%: 1 — S, =0,217 m*/m?,
2 — So = 0,137 m*m? (the first modification of the nozzle);
3-S,=0,217 m*/m’, 4 — Sy = 0,137 m*/m” (the second
modification of the nozzle)

So, after analyzing Figure 6 it can be said that an
increase in liquid irrigation increases the mass transfer
coefficient. When the free cross-sectional area of the
perforated plate increased Figure 7, a decrease in the
ammonia absorption coefficient was observed. This can
be explained by a decrease in the amount of liquid in the
combined block element, a greater drop of liquid to the
lower contact stages and a decrease in the contact surface
of the phases.
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Figure 5 — Dependence of the efficiency coefficient for the
ammonia-water system in a combined block element with a
weighted spherical nozzle depending on the ammonia
concentration

Wg =3 m/s, Ly =5 m*/m’h; Sy = 0,217 m*m?*: 1 — the first

modification of the nozzle; 2 — the second modification of the
nozzle
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Figure 6 — Dependence of the mass transfer coefficient related to
the area of the plate on the irrigation density on the combined
block element with a spherical nozzle (second modification)
Ammonia — water system, S, = 0,137 m?/m?, Wg=3m/s
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Figure 7 — Dependence of the mass transfer coefficient related to
the area of the plate on the free cross-section of the perforated
plate when using the nozzle of the second modification
Ammonia — water system: Ly = 5 m*>/m’h, Wg = 3 m/s.

20000 —— —
—_— 1 —e- 2 -1 r -8
18000 | =tr— 3 —&—4 o
s /—-4
—— 5 —e - 6 | /l
16000 ! 1 ;, T
- f‘
o Y
/! 4
14000 A - =
4K
S~
E 12000 s Ve -
i LTYATT L& T+
17 LA & |
10000 =
= 1 j r /_‘,-'--
L&| ¥ A
8000 e ~ -
4 - //
L =
6000 /
—
T
4000 ! : :
0,75 1,75 275 375 475
Wg, m/s

Figure 8 — Dependence of the mass transfer coefficient of the
combined block element with a weighted spherical nozzle on the
gas velocity
Ammonia — water system: Ly =5 m’/m’h; 1, 3, 5 — the first
modification of the nozzle, 2, 4, 6 — the second modification of
the nozzle; 1,2 — Sy = 0,383 m*/m’; 3, 4 — S°= 0,137 m*/m>;
5,6—S,=0,217 m*m’

As can be seen from Figure 8 gas velocity has a
significant effect on the height of the gas-liquid layer and
the mass transfer coefficient in the combined block
element.

After processing the experimental data, empirical
dependences were obtained for calculating the mass
transfer coefficient in the gas phase m/h:

K, =1600-,°Ly*S,"7 (1
and when determining the efficiency, %:
n="715-w, "Lk )

Formulas are used within the following limits: w,=
1-5mvs, [,=1-15m’/m’h, §, =0.09 - 0.4 m’/m’. The

error of calculations based on these equations did not
exceed 15%.

So, the previously expressed assumption about the
perspective of using mesh materials for the manufacture
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of nozzle bodies was confirmed by experiments, but the
peculiarity of the operation of devices with similar
nozzles should be emphasized.

Therefore, the mass transfer process, both in the gas
and liquid phases, is significantly influenced by
hydrodynamic parameters - the gas velocity in the
apparatus and the specific load on the liquid, which
indirectly affect the height of the liquid layer on the plate
and the gas content of the layer, as well as physical
chemical properties of interacting systems [16, 17].

Conclusions. A promising direction for intensifying
absorption/desorption processes is the development of
devices with a three-phase stabilized pseudo-liquefied
layer of an irrigated movable nozzle made of mesh
materials. For gas purification systems for gaseous
components, it is necessary to ensure low liquid loads
while maintaining a high degree of purification. This can
be achieved by using a slump plate with a small or
medium free cross-section and a newly developed
spherical nozzle and stabilizer when the device operates
in an advanced foam mode with stabilization.

The analysis of a number of studies [2-6, 7, 9] shows
that a promising direction for intensifying the mass
transfer process is the development of devices with a
three-phase fluidized bed of irrigated nozzles of complex
shapes made of mesh materials. For gas purification
systems from gaseous components, it is necessary to
ensure low fluid loads while maintaining a high degree of
purification. This can be achieved by using a slump plate
with a small free cross-section and a newly developed
nozzle.

The increase in the number of diverse and complex
emissions into the atmosphere, which accompanies the
growth of a number of industries, creates a need for
efficient and reliable gas treatment plants [18].

The intensification of foam devices has become
possible thanks to the use of new designs with a foam
layer stabilizer. The wave mode does not occur on the
stabilizer grids, so the gas velocity in the full cross-
section of the unit can be more than doubled and reach 5
m/s. Elimination of the foam layer oscillations leads to a
significant increase in the height of the foam and the
outlet liquid layer, and the degree of poorly soluble gases
capture increases over the entire range of gas velocities
studied.

The range of stable operation of the devices under
changes in gas and liquid loads is significantly expanded.
This is crucial for the reliable and efficient operation of
gas cleaning systems of technological lines with variable
power load.

The industrial implementation of absorption
processes in the foam layer and the use of the gas-liquid
layer stabilization method significantly expands the scope
of application of foam apparatuses and opens up new
opportunities for intensifying technological processes.
The use of modern designs of movable nozzles in
combination with foam layer stabilizers makes it possible
to modernize existing technological installations. At the
same time, it is possible to simultaneously create low-

waste technologies.

10.

11.

12.

13.

14.

15.

16.

17.

18.

References

. Moiseev V., Manoilo E., Ponomaryova N., Repko K., Davydov,

D.: Methodology of calculation of construction and hydrodynamic
parameters of a foam layer apparatus for mass-transfer processes //
Bulletin of NTU "KhPI". Series: New solutions in modern
technologies.  2018.  Vol. 16  (1292), pp. 165-176.
doi:10.20998/2413-4295.2018.16.25.

Lieberman N.P., Lieberman E. T. A working guide to process
equipment. NY, NY: McGraw-Hill, 2014. 751 p.

. Nikov, J. Solid - liquid mass transfer in three - phase fixed and

fluidized beds /Chem. Eng. Sci. 1987. Vol. 42 (5), pp. 1089-1093
Tabis, B. Hydrodynamica trgj-farowego zlora fluidalnego
zraszanego olejem //Inz. Chem. I proces. 1992. Vol. 13 (4), pp.
593-604

Palaty, Z. Mass transfer in liquid in an apparatus with mobile
packing. Application of a dispersion model. Collect. Crechosi.
Chem. Commun. 1993. Vol. 58 (5), pp. 1078-1086

Kozii 1. S., Plyatsuk L. D., Hurets L. L., Volnenko A. A. Capturing
Aerosol Particles in a Device with a Regular Pulsating Nozzle //
Journal of engineering sciences. 2021. Vol. 8 (2), F1-F5. doi:
10.21272/jes.2021.8(2).f1

Pavlenko A.N., Zhukov V.E., Pecherkin N.I., Chekhovich V.Yu.,
Volodin O.A., Shilkin A., Grossmann C. Investigation of Flow
Parameters and Efficiency of Mixture Separation on a Structured
Packing // AIChE J. 2014. Vol. 60 (2), pp. 690-705

Pavlenko A. N. Overview of methods to control the liquid
distribution in distillation columns with structured packing:
Improving separation efficiency // Renewable and Sustainable
Energy Reviews. 2020. Vol. 132 (6), pp. 110092.
doi:10.1016/j.rser.2020.110092

Wang Z., Orejon D., Takata Y., Sefiane K. Wetting and
evaporation of multicomponent droplets // Physics Reports. 2022.
Vol. 960, pp. 1-37. doi: 10.1016/j.physrep.2022.02.005.

Kubicki, J., Kopczynski, K., Mlynczak, J. Absorption
characteristics of thermal radiation for carbon dioxide //
Informatyka, Automatyka, Pomiary w Gospodarce i Ochronie
Srodowiska. 2022. Vol. 12, pp. 4-7. doi: 10.35784/iapgos.2998.
Sheng, Lin & Wang, Kai & Deng, Jian & Chen, Guangwen & Luo,
Guangsheng. Gas-liquid microdispersion and microflow for carbon
dioxide absorption and utilization: a review. // Current Opinion in
Chemical Engineering. 2023. Vol. 40.
doi:10.1016/j.coche.2023.100917.

Heldebrant D.J, Kothandaraman J, Dowell N.M, Brickett L: Next
steps for solvent-based CO, capture; integration of capture,
conversion, and mineralisation // Chem Sci. 2022. Vol. 13, pp.
6445-6456. doi: 10.1039/D2SC00220E

Moiseev, V., Manoilo, E., Manoilo, Y., Repko, K., Davydov, D.
Improving the Reliability of Circulating Water Supply Installations
of Thermal Power Plants. In: Cioboatd, D.D. (eds) International
Conference on Reliable Systems Engineering (ICoRSE) Lecture
Notes in Networks and Systems. 2023. Vol. 762, pp. 318-327. doi:
10.1007/978-3-031-40628-7_27

Valcarcel Cases, Miguel., Valcarcel, Miguel. Principles of
analytical chemistry: a textbook. Springer Berlin Heidelberg, 2000.
371 p.

Kubicki J., Kopczynski K., Miynczak J. Saturation of the
absorption of thermal radiation by atmospheric carbon dioxide //
IAPGOS. 2020. Vol. 10 (1), pp. 77-81. doi:10.35784/iapgos.826.
Centi G, Perathoner S. The chemical engineering aspects of CO,
capture, combined with its utilisation / Curr Opin Chem Eng.
2023. Vol. 39. doi:10.1016/j.coche.2022.100879

de Meyer F, Jouenne S. Industrial carbon capture by absorption:
recent advances and path forward // Curr Opin Chem Eng. 2022.
Vol. 38. doi:10.1016/j.coche.2022.100868

Zhu K, Yao C, Liu Y, Chen G. Using expansion units to improve
CO, absorption for natural gas purification - a study on the
hydrodynamics and mass transfer // Chin J] Chem Eng. 2021. Vol.
29, pp. 35-46. doi:10.1016/j.cjche.2020.08.025

Hapiiiia (received) 01.03.2024

Bicnux Hayionanvnoeo mexuiunoeo ynieepcumemy «XI1I».
Cepis: Ximis, ximiuna mexnonozis ma exonozisi Ne 1(11) 2024



ISSN 2708-5252 (Online)

Bioomocmi npo aemopie / About the Authors

Manoiino €ezenia Bonooumupiena ( Manoilo Evgenia) — xanauaT TeXHIYHUX HayK, AOIEHT, HamioHampHHUN
TEXHIYHUN YHIBEPCUTET «XapKiBChKHH MOJITEXHIYHUI IHCTUTYT», JOLECHT Kadeapu XiMIiYHOT TEXHIKU Ta MPOMHCIIOBOT
exoutorii, M. XapkiB, Ykpaina, ORCID ID: https://orcid.org/0000-0003-3666-5066; e-mail: bublikoval @gmail.com.

Manouno KOpin Onexcanoposuu ( Manoylo Yuriy)- xannmuaatr TeXHIYHUX HayK, HamioHambHHIA TEXHIYHHNA
YHIBEPCUTET «XapKiBCHbKHI MONITEXHIYHUN 1HCTUTYT», M. XapkiB, Ykpaina, ORCID ID: https://orcid.org/0009-0004-
5223-7795; e-mail: fassto@gmail.com

Penko Kanigp IOpiiiosuu (Repko Kalif) — acnipant, HamionansHuil TexHi4HMIl yHiBepcuTeT «XapKiBCbKHIH
MOJIITEXHIYHUH IHCTUTYT», acIipaHT KadeapH XiMidHOI TEXHIKM Ta MPOMHUCIIOBOI exoJorii, M. XapkiB, Ykpaina; ORCID
ID: https://orcid.org/0000-0002-9244-2660; e-mail: kehaneko@gmail.com

Kyza Onez Onexcinioguu ( Zhuga Oleg) - actipant, HamionansHuii TeXHIYHUHE yHiBepcHTET «XapKiBChbKHH
MOJIITEXHIYHUH IHCTUTYT», acIipaHT Kadeapu XiMiuHOI TEXHIKM Ta MPOMHUCIOBOI exoJorii, M. XapkiB, Ykpaina; ORCID
ID: https://orcid.org/0009-0000-9748-9129; e-mail: ozhuga@ukr.net

Jlasuooe /lenuc Banepiitosuu (Davydov Denis h)— acmipant kadeapu XiMi9HOI TEXHIKH Ta MPOMHUCIIOBOI
ekoJjorii, HamioHanpHul TeXHIYHMH YHiBepcHTeT «XapKIBCHKMH NONITEXHIYHMH THCTUTYT», M. XapkiB, YkpaiHa;
ORCID ID: https://orcid.org/0000-0003-0712-0358; e-mail: den2013000@gmail.com

Apcnananiee Tumyp Mypaoosuu (Arslanaliiev Tymur) — marictp kadeapu XiMIg4HOT TEXHIKH Ta MPOMHUCIOBOT
exoJyorii, HanioHanpHuii TeXHIYHMH YHiBepcHTeT «XapKiBCHKMH NONITEXHIYHMH IHCTUTYT», M. XapkiB, YKpaiHa;
ORCID ID: https://orcid.org/0009-0009-3264-4138; e-mail: arslanaliiev@gmail.com.

Bicnux Hayionanenozo mexuiunozo ynisepcumemy « XI1I».
Cepisn: Ximis, ximiuna mexnonozis ma exonozisi Ne 1(11)°2024



