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Exhaust Gases Cleaning Technology for Vessels

Valerii V. Aftaniuk, Oleksiy V. Kiris, OleksiyV. Malakhov, Mikhail O. Kolegaev, BorisA.
Garagulya

Abstract: The present investigation aims to propose results of
development of an effective system for the purification of exhaust
gasesthat are emitted to the environment by ship power plant from
sulfur oxides (SOy) and solid particles. Numerical simulation of a
combined scrubber with vortex plate based on the developed
theoretical approach was performed. Mathematical modd of
aerohydrodynamic and heat-mass transfer processes containsfive
interconnected modeling blocks.

There was investigated the influence of the scrubber’s
geometric characteristics onto the quality of its work. As a result,
for the elements of vortex plate the rational design parameters
were determined (the angle of blades installation for the swirls
P=60-90¢, the ratio between internal and outer radius of the swirls
R1/R2:O,6'0,7).

The interaction of gas aerosol with water foam was studied
during numerical simulation. 1t was done with consideration of
hydrodynamic regime on the surface of a vortex plate. Asa result,
for the scrubber rational design and operating parameters were
formulated (inlet flow velocity V=18-25 m/s, the height of foam
layer H=70-150 mm, inlet dust concentration 40-50 g/cub.m of the
gas to be cleaned, cross-sectional area of the purification unit up
to 2 sq.m).

Computer-based solid-body scrubber model was created during
numerical simulation. CFD modeling of the main hydrodynamic
processes based on this model was carried out. It was done for all
developed structural solutions for scrubber elements. The main
results obtained during CFD modeling of the scrubber operation
make it possible to analyze the technology of its use and to achieve
a reduction in energy costs while maintaining the quality of gas
cleaning.

The developed theoretical model of a scrubber gives an ability
to simulate the flow of a gas-dust stream considering all changes
that were done in the geometry of the scrubber. The very model
can also be used to optimize the scrubber’s design depending on
the type of production and parameters of the gas to be
contaminated. During research works there was formulated a
conclusion about the necessity to take into consideration the
uneven distribution of the field of velocity when modeling the
process of gas purification and cooling inside a scrubber.
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In order to determine the efficiency of heat transfer process
inside the scrubber, heat transfer coefficients were found out.
They were compared with characteristics of a traditional
scrubber’s model based on a perforated plate. Calculation data
have shown an excess of the heat transfer coefficient of the vortex
plate by 5-7%. It was stated also that the value of the heat transfer
coefficient depends on average velocity and moisture content of
the gasto be supplied.

Therational design and operational parameters of the scrubber
obtained on the models made it possible to develop a pilot
industrial model of the scrubber and method of engineering
calculation.

During experimental studies of the scrubber, new scientific
results were obtained. They allow one to establish the
technological range of irrigation density values, at which the
maximum efficiency of trapping solid particles and sulfur oxides
(SO,) isensured.

Experiments were carried out that reveal the relationship
between the angle of bladesinstallation of the swirl and the height
of theingtallation of the baffle plate onto the efficiency of foaming
and total resistance of the vortex plate.

Keywords : scrubber, cleaning of vessel ’s flue gases, solid-state
model, dust removal, scrubbing technology for ship power plant,
modelling of vessel’s exhaust gas cleaning system.

. INTRODUCTION

All ships on the planet during operation of their engines
generate flue gases. In technology for diesel fuel burning and
the subsequent processing of the flue gases obtained during
combustion, one of the important issues is the improvement
of scrubber’s technology. This technology is used for
removal of soot and sulfur oxide (SOy).

Ship-based emissions treatment systems in accordance
with Annex VI to the MARPOL Convention of 2020 should
be used practically all over the world [1].

The International Maritime Organization (IMO) has taken
the initiative to promote the efficient use of energy on all
vessels, both from a structural point of view and during their
operation. Therefore, leading manufacturers of marine
engines (MAN, Diesel, Wartsilg, etc.) are developing and
improving scrubber systems for SO, purification [2], [3], [4].

Scrubbers are used widely in the operation of ships. Most
of al they are used in the systems of: air dehumidification,
inert gases and technical ventilation. With the use of ship
systems which include scrubbers, it is possible to obtain the
necessary parameters of the gas-air environment in different
gpaces of the vessel. General principles of scrubber
operation, their design features and technologies which they
use were described by Baum [5], Dicenson [6], Bank [7] and
Rurchass [8].

To improve the quality of the cleaning technology can be
recommend the use of Hybrid Scrubber System.
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Such scrubbers use technol ogies that consistently combine
several methods of exhaust gases purification from SO, [9].

Il. PROBLEM STATEMENT

Significant number of different deposition mechanisms
that facilitate particle trapping, aswell asthe variety of forms
of hydrodynamic interaction of gases and liquids in
scrubbers, does not allow to develop an accurate analytical
method to calculate their efficiency. That iswhy only several
approximate calculation methods have been used in practice
[20],[11], [12].

Among scrubbers from a technical point of view, one of
the best is a construction with vortex plate. For further design
of the very construction, a very important issue is the
development of a block mathematical model. It should
describe a separation of solid particles (soot that appears
during heat and mass transfer processes) within a combined
scrubber's working chamber.

On the basis of this model can be provided investigation of
the influence between separation efficiency and main
construction and operating parameters of scrubber’s working
chamber. Evaluation of this influence will give an ability to
develop new technical solutions to change the flow rate of
by-pass solid particles and hydraulic resistance of the
scrubber.

The principle of the scrubber’s operation with vortex
plates is based on the process of interaction of soot particles
with water foam. All particles can be considered as a dust
aerosol. Water foam is formed due to the floating of air
bubbles.

Vortex plates according to [13] and [14] are used to
improve the conditions of separation and organization of
fluid circulation. Their canvas base is equipped with twisting
devices. The installation of the twisting devices shown in
Figure 1 exactly on the canvas can extend the range of stable
operation of the vessel's scrubber. Their operation provides
an intensive recirculation and liquid dispersing on the canvas
plates, aswell asreducing ahydraulic pressure lossinside the
plant.

Fig. 1 Ship technological scheme
1 -platein scrubber; 2 —flue gases; 3 — water.

For this reason, a mathematical model describing the
operation of scrubber should take into account the energy

Retrieval Number: F4198049620/20200BEIESP

DOI: 10.35940/ijitee.F4198.049620
Journal Website: www.ijitee.org

1086

parameters of this interaction process. It is aso aways
necessary to consider the physical features of the foam
formation process.

One of the perspective technologies for vessel’s SO,
purification is the use of seawater. In this technology, the
alkalinity of water is the main driving factor for SO,
neutralizing.

Actually, on the base of the stated above, main problem of
research works was formulated in the following way —
depending on the proposed construction of the scrubber’s
vortex plate should be stated its heat exchange effectiveness.

This parameter will give an ability to intensify the heat
exchange due to the active interaction of the gas-liquid
system inside the working chamber of the scrubber. Exactly,
on the base of heat exchange efficiency, it is possibleto carry
out comparative analysis of a new scrubber’s construction in
comparison with constructions that are used already.

(. METHODOLOGY

The gas that is moving through the scrubber during
purification is cooled generally down to 40-50 °C. During the
process it is usually moistened to a saturation state. Mainly,
the gas velocity inside the scrubber should be equals 0.8-1.5
m/s. The specific consumption of water per scrubber is
usually belong to diapason 3-6 I/m? of gasto be purified [15].

The amount of heat Q, kW which is transmitted inside the
scrubber from gas to water, neglecting the heat loss to the
surrounding space, can be found as

Q=Vag(h - 1) = Vd.g.[Cp(tl —t) +x,(iy — iz)]10_3
Vg — volumetric flow-rate of dry gases, m’/s; I, and I, —
enthalpy of gasesat theinlet and outlet of the scrubber, kd/m®;
C, — heat capacity of dry gases at constant pressure, kI (m°K);
t; and t, —initial and final temperatures of gases, °Criyandi,
— enthalpy of water vapor that is contained in gases, kJ/m>;
i1=(2480+1.96t,); i,=(2480+1.96t,); X, — initia moisture
content in gas, kg/m®.

The volume of the scrubber's working chamber can be
determined when considering the heat exchange between
water and gas

W =Q/K,- At

The required value of water flow-rate for flue gases

treatment inside the scrubber can be found as

Qw = Q/[Qo(iv —ig)+ (1 - ¢)(iv - if)]

¢ — factor of water evaporation (at first approximation can be
taken equals ¢=0,5); i, — enthalpy of saturated steam at the
temperature t,, kJ/kg; is , if — initial and final enthalpy of
water, kJ/kg.

For preliminary estimation of scrubber’s efficiency, the
fractional efficiency curve can be expressed in the form of
exponential dependence between penetration of scrubber’s
working chamber and the diameter of the particles [16]:

P, = exp(—Aldlfqz) =1-—¢
A; and A, — constant; d; — size of the particle of the i-th
numbered fraction; ¢ — efficiency, in fractions of one.
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For hollow type scrubber main energy spending for gases
purification are related to the sprinkling of irrigation fluid.
Specific energy spending for liquid spraying, with the use of
perfect atomizer designs, can be calculated as

Vi
A—Pg
P — pressure of fluid before the nozzle, Pa; V,, V, — flow rate
of irrigation liquid and gas to be cleaned, m’/s.

In general, the hydraulic resistance of scrubberswith liquid

use for cleaning can be described by equation [17]:

AP ~ AP" + AP" + AR, . + APy 4 + APy .

AP’ AP” — hydraulic resistance at the inlet and outlet of the
scrubber, Pa; AP, — hydraulic resistance of the contact zone
(working area of the scrubber) between gas and liquid, Pa;
APy 4 — hydraulic resistance of the gas distribution device,
Pa; APy — hydraulic resistance of the built-in drop-catcher,
Pa.

The hydraulic resistance of the gas-liquid contact zone for
two-phase flow can be calculated in the following way

V V2
gpg + Zl 1 P -
2¢ 2(1-9¢)

APp =,

{4 and {; —factor of hydraulic resistance caused by gases and
liquid respectively; Vg and V| — linear velocity of gases and
liquid respectively, nVs; ¢ — part of working chamber that is
filled with gas.

An expression that relates the linear velocity of gas flow
attributed to the full cross-section of the scriber’s working
chamber, with the geometric parameters of the plant and the
production load on gases and liquid for counter-directed
flows can be written in aform

el G ()
Sg deg Wy Hg Pg

- an analogue of the Froude parameter; § — part of the

v
Sgdeg
free cross section inside the contact device, n?/n?; d. -
equivalent diameter of the cross section inside the contact
device, m.

According to operation experience, the optima ratio
between the height of the scrubber H and its diameter D
equals 2.5.

In order to determine the optimal mode of scrubber
operation during experimental researches a pilot industrial
specimen was designed, manufactured and tested.

Technological layout of the scrubber with a vortex plate
was chosen for experiments as the most promising. On the
base of this construction in combination with a mathematical
model further results that indicate the feasibility of such
scrubbers for vessels were obtained.

A new combined scrubber design was developed to
intensify the vessel’s flue gases treatment system. During its
operation, the sulfur oxide (SO,) and soot solids can be
double-purified. The scrubber works using a vortex plate. Its
common scheme is shown in Figure 2.

The vortex plate of the scrubber was redlized in the
following way: the swirling flow can be formed by means of

Retrieval Number: F4198049620/20200BEIESP
DOI: 10.35940/ijitee.F4198.049620
Journal Website: www.ijitee.org

1087

I nter national Journal of Innovative Technology and Exploring Engineering (1JI TEE)

I SSN: 2278-3075 (Online), Volume-9 I ssue-6, April 2020

axial-blade swirlers (Fig. 2-a), to improve the circulation of
the fluid in the sediment area was created a channel with
holes (Fig. 2-b).

Production of swirling elements in the form of axial-blade
channels allows to achieve a high degree twisting for the
flows. Their twist ratio is very high because it exceeds the
value equals 0.6. Due to such twisting and uniform phase
distribution, heat exchange inside the working chamber of a
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Fig. 2 Vortex plate
a— top view of axial-blade swirlers; b — swirling channel.
1 -plate; 2—unit for flow swirling; 3 — stopper; 4 — channel; 5
- hole.
scrubber can be intensified [18]. This allows to use working
surface in a more productive mode and to reduce at the same
time the hydraulic resistance of the vortex plate.

IV. RESULTS

To provide numerical simulation of the work of a
combined scrubber with a vortex plate the following
operations were performed:

1. The analysis of all known constructions was carried out,
as well as the methods of calculation of their technological
parameters are analyzed.

2. The aerodynamic characteristics of the free swirling jet
were calculated in order to ensure the optimal aerodynamic
structure of the swirling stream.
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3. The aerodynamic characteristics of the swirling jet with
polydisperse solid phase were calcul ated.

4. For the process of contaminated aerosol interaction with
a foam a mathematical model was formulated. This model
allowsto consider the energy parameters and basic principles
of foam production.

5. Mathematical model of the heat and mass transfer
process inside the working chamber of the scrubber unit with
avortex plate was devel oped.

On the base of al these five operations during research
works new scientific results were obtained.

Depending on the trajectory of movement of dust particles
inside the scrubber, its performance would be changing.
Actually, it is directly determined by the degree of flow
swirling. For particleswith different diameters plotsin Figure
3 show the trgjectories of their motion. They all were
calculated for two levels of swirl intensity. The coordinate
rliro=1 corresponds to the area of particles inflow into the
common stream, and r/r=2 corresponds to the boundary
dimensions of the swirling jet.

As one can see, in both cases of the flow swirling at the
beginning of the process small particles separates first and
then down the flow begins separation of larger ones. It
happens due to the inertia of large particles and their slower
involvement in rotational motion.

Twist intensity o produces the significant influence onto
the particle removal distribution. For modes of scattering to
narrower fractions optimal are regimes with small values of
the o parameter.

r/ry
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=10 mki —__Td=50 mkm
d=1 m.l;m S
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1I;_ﬁ(l mkm
Y d=100 mkm
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1

1
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Fig. 3 Thetrajectoriesof particle motion at e = const.
Solid line - 6=0, 2; Dashed line - 6=1,

According to the calculation results data it is evident that
when technology for particles inlet uses initia rotation, they
all separating fairly quickly.

The g angle of blades installation on the swirler affects
both the gas purification from dust and the aerodynamic
parameters of the scrubber.

Separation of solid particles from the gas flow occurs most
intensively when blades installation angle equals $=90°. At
smaller values of angles, the tangentia velocity of gas
increases, and hence the tangential velocity of the particles
increases too. Increase of this tangential velocity leads to a
decrease of the value of inertia force that favors separation.
As the  angle of blades installation decreases, the value of
the Coriolis force of inertia, which is perpendicular to the
blade surface, decreases too. Because of this reason, the
common deposition rate of dust particles decreases.

Figure 4 and Figure 5 show the results, that are reflecting
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the influence effect of the # angle of vortex blade installation
and the relative flow rate of the purified gas onto the total
factor of particle transmittance E, and their maximum
diameter &;. As one can see from these plots, with the
increase of the /3 angle of blades installation from 60° to 90°,
the factor of particle transmittance E, decreased by 1,8 times.
The maximum diameter of the missed particles &, decreased
by 1,5 timestoo.

The #angle of blades inclination affects onto the quality of
the dust separation process too. The efficiency of dust
separation inside the scrubber could be increased when the
vortex plate blades are bent inverse to the flow main
direction. Their angle of inclination should be 8 < 0°. In this
case, according to the calculations performed, the values of
tangential velocities of gases and solid particles inside the
scrubber decrease. Asaresult, there takes place an increment
in the values of forces of inertia that increase the common
level of the flow purification inside the plant.

Ey,%
9,5
9
8,5
8
7,5
7
6,5

E 4

6 Oy Mikin
55

5 10
45

4 8

Sor
35
|
3 6
60 65 70 75 80 85 B

Fig. 4 Influence of the g angle of the blade’s installation
onto thetotal factor of particletransmittance E;and their
maximum diameter &, inside the vortex plate of the

scrubber.
Es,%
9,5
9
8,5
8
7,5
P
Z
0,8 0,85 0,9 0,95 G,

Fig. 5 Influence of therelative G, flow rate of the purified
gasonto thetotal factor of particle transmittance E,,.

The changes in the number of blades on the vortex plate
produce insignificant effect onto the dust pass. During
numerical calculations with the use of vortex plate model it
was stated that increase in the number of blades from 45 to 90
units gives a decrease in the value of the total transmittance
by 1,15 times.

All numerical calculations have shown that intermediate
optimum values for gas purification and energy consumption
could be obtained with the use of radial blades. In this case,
their angle of tilt remains the same and equal's the value 6=0°.
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Itiswell known that change in the fluid temperature in the
foam layer depends on the value of the initiad moisture
content. At low moisture content in gases (x;=25 g/n?’), the
fluid temperature can slightly decrease. It happens due to the
evaporation process. At high humidity of gases (x;=300
g/m?), a significant increase in the fluid temperature in the
foam layer can be observed (40-50% higher than the initial
temperature).

The operational experience of marine diesel engines shows
that the humidity of gases from the main engine can reach the
value from 8 to 11%. This in its turn, significantly affects
onto the processes of the heat transfer and purification of gas
emissions.

To intensify the processes of heat transfer and cleaning,
one can use forced humidification of the gas before it is fed
into the scrubber.

One of the main factors affecting the density and porosity
of the foam is the degree of swirling of the gas flow passing
through the swirlers.

To model aerodynamics process on the surface of swirl
plate a solid-state model was developed. It was done for both
a single swirl element (Fig. 6, a8 and the entire swirl plate
with a complete set of swirling elements (Fig. 6, b).

baffle disk

post

hole

blades

e ,[_ ()F},

Fig. 6 Solid-state models.
a—swirling element; b — swirling plate of combined
scrubber
Theresults of the velocity distribution inside the scrubber's
working chamber are shown in Figure 7. As one can see, the
swirler provides a high degree of swirling of the gas flow
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around the rack of fender disk (Fig. 7-a). Areas of reduced
gas velocities are observed in the center of the disc and in the
cavities of the holes (Fig. 7-b). Formation of these areas
makes influence onto the process of liquid suction from the
surface of the disc and its displacement to the swirling flow.
In this case, the internal circulation of the liquid is actualy
provided with stable foam layer formation.

Visualization of pressure distribution during gas flow
through the swirling element is shown in Fig. 8. As one can

!
b
Fig. 7 Simulation of gasflow (field of velocity) inside the
swirling element of a combined scrubber.
a— flow lines; b — cross-sectional view

146118.24
[ 137681.63
r 12924502
r120808.41
F 112371.80
r 103935189
r 95489858

87061.97
l TOE25 36
7018875

Pressure [Fa]

Flow Trajectaries 2

Fig. 8 Field of velocity inside the swirling element of a
combined scrubber

see the pressure distribution inside the vortex element
essentially repeatsthe trajectories of the flowlines. An area of
reduced pressure can be observed in that part of the disc,
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which is locally located after the swirling element. This can
be explained by the higher values of velocity and
turbulisation of the flow at this area.

The efficiency of scrubber using and determining of its
optimal design and operationa parameters was tested
experimentally on the plant, which is shown in Figure 9.

Quartz sand was used to model a dust of solid particles.
The average median diameter of sandy particles was equals
5+0,3 micrometers. Theinitial concentration of dust z, in the
air was equals 2 g/m?+ 20 %.

The air temperature during experiments was not the same
and answered to diapason from 15 to 25 °C. Its relative
humidity was 50-75 %.

All experiments (when install ation angle of swirling blades
equals 3=85°) indicated that increase of gas velocity (in the
inlet pipe) from 5 to 15 m/s produces increase of cleaning
efficiency. As one can see in Figure 10, the efficiency curve
bends in the velocity diapason from 12 to 15 mv/s. When
velocity exceeds this diapason, the growing rate of efficiency
factor starts to decrease sharply.

Fig. 9. Experimental pI

M, %K 3
mg/m® t gt
88 - 500 ;
/ g
83 - 400 A
78 - 300 <
1
73 200 -
\?
BTN TS 10 13 20 v

Fig. 10. Influence of gasvelocity V onto residual dust
concentration K (curve 1) and purification efficiency
(curve?2).

V. DISCUSSION

Results of provided research works show that during 2.

design process of the scrubber the optimal organization of the
vortex structure on the surface of its vortex plate should be
directed for simultaneous solution of two technological
problems.
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The first problem concluded in the fact, that for the
scrubber’s effective functioning the created airflow structure
should provide a uniform aerodynamic load. Actualy, the
very uniform load can be obtained by means of uniform
distribution of the flow’s body of velocities along the entire
surface of the vortex plate.

The second problem connected with realization of the
process of the maximum possible pre-separation and
coagulation of harmful substances when contaminated gas
flow enters the foam-fluid layer.

Results of all provided experiments has shown that
efficiency and hydraulic resistance of foam scrubbers are
significantly influenced by the following indicators: initial
dust concentration in the gas for cleaning, fractional
efficiency of the scrubber which allowsto design the devices
with considering the characteristics of harmful emissions of
various technological processes; the rate of contamination of
the working fluid.

In order to ensure high efficiency of gas purification from
harmful substances, it is worth to use for blades of swirling
unit that is used in the middle of the scrubber's working
chamber an installation angles closeto 90°. Inthiscase, itis
possible to obtain optima values for the factor of dust
transmission. At the same time, it should be considered that
increase of the S angle will lead to an increase in the loss of
flow energy. For example, the change of the £ angle of blades
installation from 60 to 90 degrees produces an increasein the
flow energy losses approximately at 9%.

A smaler number of blades reduces activity of their
influence onto the gas flow. In this case, the gas pressure at
the outlet of the vortex plate and the energy consumption
inside the scrubber become smaller. Actualy, as it follows
from the described above research results an increase of the
number of blades may be appropriate in one case only. Thisis
the case when it is necessary to increase the gas pressure at
the outlet of the swirler. It should be considered that
increasing the number of blades is not a rational way to
improve gas purification efficiency.

VI. CONCLUSION

The formation of auniform aerodynamic load on the entire
surface of the vortex plate can be provided by the use of
optimally oriented swirl blades and the installation of fender
disks of the vortex elements.

Among main parameters that affect onto the separation of
solid particles are the dust particles concentration in the air at
the inlet to the scrubber and the cross-sectional area of the
plant.

To maintain the constant efficiency of solid particles
separation, it is necessary to maintain the contamination of
the liquid in the working volume of the scrubber at the level
of 35-45% of the maximum amount of contamination.

REFERENCES

1. Jan Babicz, WARTSILA Encyclopedia of Ship Technology. 2nd. ed.
Helsinki, 2015. Available: https.//www.wartsila.com

Emission Project Guide MAN B&W Two-stroke Marine Engines. Sth
ed., October 2018, branch of MAN Diesel & Turbo SE. - 108 p.
Available: https://marine.man-es.com

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication



https://www.wartsila.com/
https://marine.man-es.com/

OPEN aACCESS

3. V. Aftaniuk, V. Spinov, Modeling of Scrubber for Cleaning Industrial
Gases. Journal of the Technical University of Gabrovo, vol. 57, 2018,
pp. 35-38.

4. V. Aftaniuk, D. Danilenko, A. Shalyov, V. Spinov, “Simulation of gas
velocity distribution in a scrubber for ship exhaust gas cleaning
systems”, 23rd International Scientific Conference. Transport Means,
Part 11, Palanga, Lithuania, 2019, pp. 675-679.

5. F. Baum, Umwelt schutz in der Praxis, Oldenbourg Verlag GmbH.:
Munchen, 1995. Available: https.//books.google.com.ua

6. Ken Sutherland. Filters and filtration handbook. 5th. ed., Elsevier, 2008.
Available: https./fastcdn.pro/filegall ery/golcode.com

7. M. Bank, Basiswissen Umwelttechnik. 4th. ed., Wurzburg: Germany:
Vogel, 2000.

8. D. Rurchass, K Sutherland, Handbook of Filter Media 2nd. ed.,
Elsevier Science, 2002.

9. Exhaust Gas Scrubber Systems. ABS EXHAUST GAS SCRUBBER
SYSTEMS ADVISORY . Available: www.eagle.org.

10. HERE. An International Magazine from Alfa Laval, Ne 30, 2012, pp.
10-13.

11. Wartsila scrubber. Product guide, June 2014.

12. V. Spinov, “Analysis of The Simulation of Heat Exchangers in Contact
Devices” MOTROL an international journal on operation of farm and
agri-food industry machinery, vol. 16, Ne 5, 2014, pp. 243-247.

13. A. s 175921 (SSSR). Vikhrevaya rektifikaczionnaya tarelka /
Manovyan A. K. Opubl. v B. |., 1965, Ne 21.

14. A.s. 921588 (SSSR). Teplomassoobmennaya tarelka. / Vajtekhovich P.
E., Levdanskij E. I., Plekhov I. M., Babkin V. V., Kireev N. |. Opubl. v
B. 1, 1982, Ne 15.

15. Mednikov E. P. Turbulentny’j perenos i osazhdenie ae’rozolg. - M.:
Nauka, 1981. — 176 s.

16. L'vovskij E. N. Statisticheskie metody™ postroeniya e mpiricheskikh
formul. - M.: Vy'sshaya shkola, 1988. — 239 s.

17. Uzhov V. N., Val"dberg A.Y u. Ochistka gazov mokry mi fil trami. - M..:
Khimiya, 1972. - 248 s.

18. Pat. 3615 Ukrayina, MPK 7 V01D3/22. Vikhrova tari‘lka dlya
teplomassoobmi nnikh aparati'v / Aftanyuk V. V., Spinov V. M,
zayavl. 30.12. 2003; opubl. 15.12.2004, Byul. Ne 12.

AUTHORSPROFILE
Valerii V. Aftanuk Full Professor of the Department

of Ship’s Thermal Energy at the National University

Q “Odesa Maritime Academy” (Odessa City, Ukraine),
84 received his PhD and DSc degrees in engineering
- scinces (scientific speciality is engineering thermal

physics & industrial heat power generation) from

Odessa National Polytechnic University (Odessa

City, Ukraine) in 2000 and 2010, respectively. He has
extensive experience in both teaching and researching (more than 25 years).
His today’s research interests include developing the simulation models of
HVAC systems for different ship’s spaces by means of methods of
computiona fluid dynamics (CFD); solving the problems of closed fluid
flows; designing new technologies for auxiliary systems and equipment to
be installed on ships. ORCID: 0000-0002-6945-142X. E-mail:
aftani uk @smf.onma.edu.ua M obile:+380506524909

Oleksiy V. Kiris, Professor and PhD. He is currently
working as Head of the Chair of Ship’s Thermal
Energy and Full Professor in the National University
“Odesa Maritime Academy”, Odessa City, Ukraine.
He has graduated from Odessa State Maritime
Academy (1971). He earned his PhD degree (1975)
from National University “Odesa Maritime
Academy”, Odessa City, Ukraine. His research
interests include new methods and technologies for
thermocombustion processes in ship disel engines. He is working with
scientific problems, that implement on vessels new technologies for fuel
treatment, fluid dynamics processes in aplication to liquid and gas treatment
during vessel’s operation, design of new technologies and technical units for
vessels. Heisthe author of more then two hundred scientific articles and two
scientific books for maritime students. ORCID: 0000-0003-4228-8295.
E-mail: alexkirisA8@gmail.com M obile:+380936624690

6D

Oleksly V. Malakhov is currently working as Full
Professor at the Chair of Ship’s Thermal Energy in the
National University “Odesa Maritime Academy”,
Odessa City, Ukraine. He has graduated from Odessa
Polytechnic University (1992). He earned his PhD
e degree from Odessa National Polytechnic University
L (1995), Odessa City, Ukraine and Doctor of Sciencein

I nter national Journal of Innovative Technology and Exploring Engineering (1JI TEE)

I SSN: 2278-3075 (Online), Volume-9 I ssue-6, April 2020

Physics and Mathematics degree from National Transport University (2000),
Kyiv. Ukraine. His research interests include maritime technologies for
different types of vessels, fluid and gas dynamics, hydrodynamics of
confined flows, CFD, design of hew technologies and equipment for vessels,
complex analysis of different technical operations and complex plunts on
ships. ORCID: 0000-0002-5003-8715. E-mail: a malahov@yahoo.com.
M obile:+380674810599

Milhail O. Kolegaev Chief Marine Mechanical
Engineer. Currently working as Dean of Ship
Mechanical Department and Full Professor in the
National University “Odesa Maritime Academy”,
Odessa City, Ukraine. He has graduated from
Odessa State Maritime Academy (1983) and earned
his PhD degree (1997) from National University
“Odesa Maritime Academy”, Odessa City, Ukraine.
His research interests include new methods and
technologies for vessel’s energy systems, new
methods of fuel treatment and combustion processes, fluid dynamics of
multiphase flows, safety technologies for vessel’s operation, marine
dredging technologies. A number of his scientific articles exceeds one
hundred. He is the author of two scientific monographs. ORCID:
0000-0002-9328-182X. E-mail: smf@onma.edu.ua Mobile:
+380676541504

Boris A. Garagulya Associate Professor and PhD.
He is currently working as Assotiate Professor at
the Chair of Ship’s Thermal Energy in the National
University “Odesa Maritime Academy”, Odessa
City, Ukraine. He has graduated from Moskow
Energy Ingtitute (1973) and earned his PhD degree
(1985) from Moskow Energy Institute. Hisresearch
interests connected with diffenet flows of gases
under varible conditions, fluid and gas dynamics of
confined flows including supersonic jets, CFD and new methods for flow
modelling. Presently he is working in scientific area that include new
methods and technologies for thermocombustion processes in ship disel
engines, new technologies for improvement of fuel combustion on vessels
and stable modes of ship operation under complicated boundary conditions
and in channals with complicated geometry. He is the author of more then
one hundred scientific articles and one scientific monograph. ORCID:
0000-0003-0637-038X. E-mail: boris.garagulya@gmail.com
M obile:+380637251075

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Retrieval Number: F4198049620/20200BEIESP
DOI: 10.35940/ijitee.F4198.049620

Journal Website: www.ijitee.org 1091

Exploring innovation'


https://www.openaccess.nl/en/open-publications
https://books.google.com.ua/books?id=xjQHBETmo_EC&pg=PA104&lpg=PA104&dq=5.+Baum+F.+Umwelt+schutz+in+der+Praxis&source=bl&ots=qzZxajXxTd&sig=ACfU3U2OukEQgpSmlcXk81ohYQdJ1-JGbg&hl=ru&sa=X&ved=2ahUKEwi878i8oqboAhXB86YKHbNACJUQ6AEwAHoECAcQAQ#v=onepage&q=5.%20Baum%20F.%20Umwelt%20schutz%20in%20der%20Praxis&f=false
https://fastcdn.pro/filegallery/golcode.com
http://www.eagle.org/

