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Abstract: - Modern equipment elements in the energy, chemical industry, transport, aviation, and space
engineering work under conditions of increased technological loads, at high temperatures and pressure levels.
At the same time, the equipment is usually exposed to external loads of various natures. Hydroelastic
phenomena must also be taken into account in designing and modernizing tanks and storage facilities for
flammable and combustible substances. Flammable and combustible liquid accumulation leads to the increased
environmental and fire hazard of such objects. The possible dangerous liquid leakage and tank depressurization
negatively affect the surrounding area environment state. A fire in the tank is one of the most dangerous
emergencies that could lead both to significant material and environmental damage and to human casualties.
The paper treats the environmental hazards reducing problem from liquid hydrocarbon spills from storage
tanks, which lead to destructive effects on all environment components especially during emergency situations.
It has been established for sufficiently thin tank elastic walls, the fundamental frequency during coupled
oscillations could be much lower than the frequency of the fluid in the shell with rigid walls. As the thickness
of the tank wall increases, this effect becomes insignificant, and the lower oscillation frequency of the shell
with liquid approaches the oscillation frequency of the liquid in a rigid tank. Parametric resonance and sub-
resonance effects have been treated.
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1 Introduction The paper treats the environmental hazards
Flammable and combustible liquid accumulation reducing problem from liquid hydrocarbon spills
leads to the increased environmental and fire hazard from storage tanks, which lead to destructive effects
of such objects. The possible dangerous liquid on all envir(‘)nme.ntal components especially during
leakage and tank depressurization negatively affect emergency situations.

the surrounding area environment state. A fire in the
tank is one of the most dangerous emergencies that
could lead both to significant material and
environmental damage and to human casualties.

E-ISSN: 2692-5079 44 Volume 5, 2023



Engineering World
DOI:10.37394/232025.2023.5.6

2 Problem Formulation

Modern equipment elements in the energy, chemical
industry, transport, aviation, and space engineering
work under conditions of increased technological
loads, at high temperatures and pressure levels. At
the same time, the equipment is usually exposed to
external loads of various natures. Hydro and aero-
elastic effects are important issues here. These
phenomena are inherent in the processes of
hydroturbine cover oscillations, hydroturbine
impeller blades, and air plant blades, [1], [2], [3].
Hydrodynamic effects are also observed in studying
the urban areas flooding phenomena, [4], [5].
Hydroelastic phenomena must also be taken into
account in designing and modernizing tanks and
storage facilities for flammable and combustible
substances, [6], [7], [8]. Rotation shells and
composite rotation shells are usually used as tank
models, [9], [10]. Tank materials properties have
been treated in [11], [12], [13], [14], [15], [16], [17].
The different partition types’ effect on the
frequencies and tank oscillations amplitudes has
been presented in works, [18], [19], [20], [21].
Forced tank oscillations with partially filled liquid
have been studied in [22], [23], [24], [25]. It should
be noted that the forced liquid oscillations study in
tanks in a refined formulation remains an actual
issue, asit makes it possible to determine the
movement stability limits, which allows ensuring
the reliability and equipment functioning safety.
Equipment  reliable  operation  allows  the
environmental hazards occurrence and emergencies.

3 Problem Solution

Fluid fluctuations in the elastic rotation shell have
been studied. It has been assumed the liquid is ideal
and incompressible, and its movement, which began
from a rest state, is vortex-free (Fig. 1.)

Fig. 1: Elastic rotation shell
The wetted shell surface has been denoted by S,

and the free surface by S, it has been considered the
free surface equation at rest is z=H. The equation
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system of shell structure motion with compartments
partially filled with liquid has been used in the form
L(U) +M(U) =P,
where L and M are elastic and mass forces
operators, P is liquid pressure on the wetted
structure surfaces, and U is the vector function of
displacements. Here and in the future, it has been
denoted the normal component of the shell
displacements as w. The vector P is directed
normally to the surface since an ideal liquid creates
only normal pressure on the wetted shell surfaces. It
has been marked P=p n, where n is the unit external
normal to the surface S;. Since the liquid is
incompressible and ideal, and at the initial moment,
its motion was vortex-free, it remains vortex-free
throughout time. Therefore, there is a velocity
potential @ that satisfies the Laplace equation
Vo =0

To find the fluid pressure p on the wetted shell
surfaces, it has been used the Cauchy-Lagrange
integral

p—po=—p|3 + e (Ox + (g +a,(0).
Here py is atmospheric pressure, p is liquid
density, g is gravity acceleration, a, (t), a,(t) are
force acceleration, which forces in the horizontal
and vertical directions, { is a function that describes
the liquid free surface movement.
Boundary value problem with correlation to the
function @ has been formulated.
The non-flow on wetted surfaces S; condition
has been presented
i) __ 0w
Fnls, = ot
On the liquid-free surface, the kinematic and
dynamic conditions have been given in the form
av| 9 9D _
auls, = a0 94, =0
That is, for the velocity potential ® the following
boundary value problem has been obtained:

29 =020 I 90 _ % -
V=050, T amlg, —ar P pols, = 0.
(1)

The proper oscillations forms of a tank with
liquid in the following form will be searched, [26]

U=Y )

Here functions w,(x,y,z) are eigenforms of

empty tank oscillations, ¢, (t) and are unknown

coefficients that depend only on time t. Note that the

ratios are valid, [26]

L(u) = Qi M(w) ,

8y »(L(ug),w) = Qidy (3)

Next, it has been searched for the potential @ in

the two potentials form ® = ®; + ®,, as [23], and
has been gained the differential equations system

w=(U,n)

M), w) =
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L(ZN=1 ce Ouy) + M(Zi Cr (Ouy) =
=—p [(Zh=1 Gk Oy, + Yy dy (t)(PZk) +
axtx+aztz+Q, 4
chv=1 é“k‘Plk + Z;‘g:l d.k(PZk + (g +
azth=1Nckop 1kon+k=1Mdrdp 2ion+axtx=0.

Here ¢,, and ¢,, are the basis functions
obtained in [23].

From correlations (4), after performing the scalar
product on u; and Dy it has been obtained as a

second-order differential equations system. From
this system, the unknown functions of time C, (t)

dk(t) have been found. For their unambiguous

definition, there have been wused the initial

conditions

Ck(O): Ceos G (0)= Cei> dk(0)= dyo> dk(0)= dy,
Namely, as ar esult of correlations (3), there have
been obtained equation

TN (OQuy + Iy G (D) uy = )
=—pP, KiCk O, + idk (t)(sz) +a, ('[)X +a, (t)z} +Q

In addition, as a result of the last equation (3),
there have been gained equation
ZII:I=1 dk(PZk + (g +
aztik=1Nckdp1kon+rk=1Mdadkdp 2kon+axtx=0.

29 1 :
Tzl (k=12..,M), it has

been obtained the equation
21]:/1:1 dk(pzk + (g +
aztk=1Nckdp 1kdn+k=1Mdryk2gp 2k+axtx=
0. (6)

Because

It has been multiplied by the scalar equation (5)
to uj (I=1,2,... N), and equation (6) on the
functions Oy (k=1,2,...,M). It has been obtained
system of differential equations with Q =0

() +Qfer(t) = —pr Tzt & (O (0 u) +
V=1 e ()@ w) + ax () (6, w) +

®; =@, (r,2)cosba,(t)(zu) =0, (7)
d(921, 9 + (1 + a, () /9 xi (@21, 921) +
S o (P, ) + (O 2) =0.  (8)

n
Note also that the required values will be

presented in the form

f(r,z,0) = f(r,z) cosnb, 9)
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where n is the harmonic number. The possibility of
representation use (9) has been proved in the work,
[26], [27].

Numerical results
A cylindrical shell with a flat bottom, with the
following geometric parameters and mechanical
properties, has been considered: radius R = 1 m,
length L = 2 m, Young's modulus E = 2¢10° MPa,
Poisson's ratio v = 0.3, material density p; = 7800
kg/m’, liquid density p, = 1000 k g/m’. The filling
level has been taken as follows H = 1.0 m. Various
thickness values h have been accepted. It has been
assumed that the shell is fixed to the contour,
boundary conditions U, =U, =U, = 0 given at z
=Handr=R.

The tank dynamic characteristics under the
simultaneous action of vertical and horizontal loads

with different excitation frequencies will be
considered (Table 1 and Table 2).

Table 1. Frequencies of empty and liquid-filled
elastic tanks, n =0, Hz

n=0

K| ns | n. | Shell Shell

without | with

liquid | liquid
1 1 0.9739
2 2 1.3208
3 3 1.5909
4 4 1.8209
5 5 2.0249
6 | 1 |1,2] 23233 |7.6591
7 |21 91.101 | 43.308
8 |32 205.25 | 117.03

Table 2. Frequencies of empty and liquid-filled
elastic tanks, n=1, Hz

n=1
K| ns | n | Shell Shell
without | with
liquid | liquid
1 1 0.6418
2 2 1.1509
3 3 1.4564
4 4 1.7054
5 5 1.9212
6| 1,2 21.902
48.520
71 2,1 139.70 | 79.712
8 13,21 232.44 | 178.42
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Here, the coefficients ng, and n, indicate the shell
forms number and liquid taken into account in the
coupled oscillations, and K is the number of the
oscillations coupled form. Shell oscillations in four
forms and sloshing in five forms have been used for
numerical simulation.

From the Table 1 data regarding liquid sloshing
in the tank, the lowest frequencies are @w;; = 0.6418
Hz and wg; = 0.9739 Hz.

The frequencies of empty and liquid-filled tanks
of different thicknesses have been shown in Table 3
and Table 4 below:

Table 3. Dependence of frequencies on shell

thickness
An empty shell, Hz
k h, m
0.01 | 0.005 | 0.003 | 0.0015
6 |23.233 | 11.838 | 7.1805 | 3.6308
7 191.101 | 46.271 | 28.023 | 14.153
8 1205.25 | 100.01 | 62.922 | 31.747
Table 4. Dependence of frequencies on shell
thickness
Shell with liquid, Hz
k h, m
0.01 0.005 | 0.003 | 0.0015
6 | 5.5213 | 2.8187 | 1.7096 | 0.8644
7 | 43.769 | 22.249 | 13.479 | 7.0064
8 | 119.14 | 58.148 | 36.587 | 15.716

In Table 2 the number K = 6 corresponds to the
first axisymmetric form of elastic bottom vibrations.
The frequencies given in Table. 2 for the thickness
h=0.0lm h=0.005 m, h=0.003 m, are higher
than the sloshing frequency.

Results in Table 2 indicate that the lowest
frequencies of elastic shells decrease with
decreasing shell thickness. Therefore, for very thin
elastic tank walls, the first frequency of elastic wall
oscillation could be much smaller than the
oscillation frequency of the fluid in the shell with
rigid walls. As the tank wall thickness increases, this
effect becomes negligible. However, the use of such
thin shells as e lements of responsible structures
operating under intense external loads requires
careful analysis of the stress-strain state to avoid
stability loss.

In work, [22], the conditions have been obtained
when the sloshing impact becomes insignificant in
studying the elastic shell vibrations. Thus, to
estimate the lowest oscillation frequencies of the
liquid-filled shell, it is advisable to limit the study to
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rigid shells, at least if the ratio of the thickness to
the shell characteristic size is greater than 0.003.
The data in Table 2 indicate the lowest oscillations
frequency of the elastic cylindrical tank walls is
equal to Q; =0.8644 Hz at a thickness of h=
0.0015 m. The simultaneous action of horizontal
and vertical loads with accelerations will be
considered
a, (t) = ajcosout,a,(t) = a,coso,t .

Note that the lower frequency of sloshing
corresponds to the first harmonic, and the lower
oscillation frequency of elastic walls corresponds to
axisymmetric bottom oscillations. It follows
that(x,u;) = 0, since x = pcos 0. Therefore, only
vertical excitation will be present in equations (7).
Nevertheless, in equation (8), all terms responsible
for the influence of the external load will be non-
Zero.

It has been assumed that w,=w, = 0.8644 Hz.
The functions d;,c¢;,l = 0,1 have been calculated
and plotted the change in the level of the tank-free
surface at the point with coordinates z=H, R=1, 06=0,
shown in Fig. 2.

; DAPPY m“rx“ruu‘ﬁ[ﬁp”qr‘lM.MW
. : e “b}u\]ww“

Fig. 2: Lift level of the free surface provided that
op,=0, =0.8644 Hz

From the data shown in Fig. 2, the approach of
the frequency of forcing forces to a lower
oscillations frequency of elastic walls leads to a loss
of motion stability.

Next, the case when wz;=0, = 0.9739 Hz has
been considered. The change in the level of the free
surface over time has been shown in Fig. 3.

R — m\f
|.

Fig. 3: The level of free surface increasing under the
condition ®,=wm, =0.9739 Hz

From the data shown in Fig. 3,it has been
concluded that the frequency approximation of
forcing forces to a lower frequency of liquid
axisymmetric vibrations leads to stability loss. At
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the same time, the results do not depend on the
frequency of horizontal excitation, as evidenced by
the data shown in Fig. 4.

i

R—

e

Fig. 4: The level of free surface increasing under the
condition w,, =0.9739 Hz, w, =0.4 Hz

Note also the parametric resonance presence. The
corresponding data have been shown in Fig. 5.

Fig. 5: The level of free surface increasing under the
condition o, = 1.2856 Hz, o, = 0.4 Hz

r

M MM AR W \{ \f \” ”

Fig. 5 corresponds to the vertical load frequency,
which is equal to the doubled fundamental
frequency, namely @, =2 0.6418 Hz = 1.2856 Hz.

In the system "elastic shell - liquid" there are
also so-called subresonant oscillations when the sum
or difference of the frequencies of vertical and
horizontal excitation is equal to the fundamental
frequency.

The corresponding results have been shown in
Fig. 6 and Fig. 7. At the same time, Fig. 6 shows the
graph of the free surface increasing level under the
condition o, = 0.2418 Hz, ;= 0.4 Hz.

|

oarARAAARAANY rvnHu’W‘Jﬂtﬂdﬂ\ﬂlﬂ“ \M W \’ \' |
- o

Fig. 6: The level of free surface increasing under the
condition ®4+®,, =®11.

Fig. 7 corresponds to the following data ®, =
0.7418 Hz, ;= 0.1 Hz.
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Flg 7: The level of free surface increasing under the
condition 4 +®,, =m11

Note that the frequencies of forcing forces,
which are close to the frequency of axisymmetric
oscillations ®31=0.9739 Hz and the oscillations
frequency of the elastic bottom ®y;=0.8644 Hz,
although they donot coincide with the specified
frequencies, also leads to a stability loss.

Fig. 7 shows the change in the liquid-free surface
level under the condition ®, = ©;=0.9 Hz. From
the results, there has been concluded stability loss.

Fig. 8 shows the change in the free surface level
at the frequency o, = ®w;=0.2 Hz, which is not
close either to the lower frequencies of sloshing or
to the lower frequency of elastic wall oscillations.
Lastly, the level of free surface increasing provided
®, = ®4=0.2 Hz as presented in Fig. 9.

=100+

*‘"“*“"‘""W‘N\NVV\"\N\[ \f‘u‘vﬁup 1,&/%[\“'”\ ’ / \ “

=200

_ |
Fig. 8: The level of free surface increasing under the

condition ®, = w;=0.9

; MHHM | M \|.| I \,.lih,“ M
. HH HH'H O di il

Flg. 9: The level of free surface increasing provided
0, = 0;=0.2 Hz

4 Conclusion

The most dangerous frequencies of external
influence are those that approach the frequencies of
elastic wall oscillations, which in turn are close to
the free surface oscillations frequencies. That is, in
this case, the frequency spectra of elastic wall
oscillations and liquid-free surface oscillations are
not separate, and the influence of the elasticity of
the walls couldn’t be neglected.
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It has been established for sufficiently thin tank
elastic walls, the fundamental frequency during
coupled oscillations could be much lower than the
frequency of the fluid in the shell with rigid walls.
As the thickness of the tank wall increases, this
effect becomes insignificant, and the lower
oscillation frequency of the shell with liquid
approaches the oscillation frequency of the liquid in
arigid tank.

Parametric resonance and sub-resonance effects
have been treated.

The practical application could be in the
environmental hazards reducing problems from
liquid hydrocarbon spills from storage tanks and
preventing emergency situations.

Future research will be concerned with different
reservoir forms and horizontal and vertical partitions
consideration.

References:

[1] Rusanov A. et al., 2022. Effect of 3D Shape
of Pump-Turbine Runner Blade onF low
Characteristics in Turbine Mode J. of Mech.
Eng. Vol. 25, no. 4: 6-14:
https://doi.org/10.15407/pmach2022.04.006
Kolodiazhna L., Bykov Y., 2023. Aeroeclastic
Characteristics of Rotor Blades of Last Stage
of a Powerful Steam Turbine J. of Mech. Eng.
Vol. 26, #1: 6-14
https://doi.org/10.15407/pmach2023.01.006
Lampart P., Gardzilewicz A., Rusanov A.,
Yershov S., 1999. The effect of stator blade
compound lean and twist onf low
characteristics of a turbine stage - numerical
study based on 3D RANS simulations. In:
Proc. 2nd Symp. on Comp. Technologies for
Fluid/Thermal/  Chemical Systems with
Industrial Applications, ASME PVP Div.
Conf., 1-5 Aug. 1999. Vol. 397.2: 195-204.
Sierikova O., Koloskov V., Strelnikova E.,
2022. The groundwater level changing
processes modeling in 2d and 3d formulation.
Acta Periodica Technologica, 53: 36-47.
DOI: https://doi.org/10.2298/APT2253036S
Sierikova E., Strelnikova E., Pisnia L.,
Pozdnyakova E., 2020. Flood risk
management of Urban Territories. Ecology,
Environment and Conservation 26 (3): 1068-
1077.

Sierikova O., Strelnikova E., Gnitko V.,
Tonkonozhenko A., Pisnia L., 2022.
Nanocomposites Implementation for Oil
Storage Systems Electrostatic Protection.

(3]

[3]

E-ISSN: 2692-5079

49

[7]

[11]

[12]

Olena Sierikova, Elena Strelnikova,
Denys Kriutchenko, I. Hariachevska

Conf. Proc. of Integrated Computer
Technologies in Mechanical Engineering —
ICTM-2021. Synergetic Engineering Springer
Nature Switzerland AG 2022 M. Nechyporuk
et al. (Eds.): ICTM 2021, LNNS 367: 573-
585. https://doi.org/10.1007/978-3-030-
94259-5 49

Dadashov 1., Loboichenko V., Kireev A.,
2018.  Analysis of the ecological
characteristics of environment friendly fire
fighting chemicals used in extinguishing oil
products. Pollution Research. V. 37, Nel: 63-
77.

Sierikova O., Strelnikova E., Kriutchenko D.,
Gnitko V., 2022. Reducing Environmental
Hazards of Prismatic Storage Tanks under
Vibrations. WSEAS Transactions on Circuits
and Systems, Vol. 21: 249-257. DOI:
10.37394/23201.2022.21.27

Smetankina N., Merkulova A., Merkulov D.
and Postnyi O., 2021. Dynamic Response of
Laminate Composite Shells with Complex
Shape under Low-Velocity Impact, Integrated
Computer Technologies in  Mechanical
Engineering, Springer: Cham 2020, vol. 188:
267-276.

Karaiev A., Strelnikova E., 2020. Liquid
Sloshing in Circular Toroidal and Coaxial
Cylindrical Shells. In: Ivanov V., Pavlenko 1.,
Liaposhchenko O., Machado J., Edl M. (eds)
Advances in Design, Simulation and
Manufacturing III. DSMIE 2020.L ecture
Notes in Mechanical Engineering. Springer,
Cham: 3-13. doi:_10.1007/978-3-030-50491-
51

Sierikova O., Strelnikova E., Degtyarev K.,
2022. Seismic Loads Influence Treatment on
the Liquid Hydrocarbon Storage Tanks Made
of  Nanocomposite  Materials.  WSEAS
Transactions on Applied and Theoretical
Mechanics, vol. 17: 62-70. doi:
10.37394/232011.2022.17.9

Sierikova O., Koloskov V., Degtyarev K.,
Strelnikova E., 2022. Improving the
Mechanical Properties of Liquid Hydrocarbon
Storage Tank Materials. Materials Science
Forum. Trans Tech  Publications Ltd,
Switzerland. Vol. 1068: 223-
229. doi:10.4028/p-888232

Kovalov A., Otrosh Y., Rybka E., Kovalevska
T., Togobytska V., Rolin 1., 2020. Treatment
of Determination Method for Strength
Characteristics of Reinforcing Steel by Using
Thread Cutting Method after Temperature

Volume 5, 2023


https://doi.org/10.15407/pmach2022.04.006
https://doi.org/10.15407/pmach2023.01.006
https://doi.org/10.2298/APT2253036S
https://doi.org/10.1007/978-3-030-94259-5_49
https://doi.org/10.1007/978-3-030-94259-5_49
https://www.scientific.net/MSF.1068.223

[16]

[17]

[19]

Engineering World
DOI:10.37394/232025.2023.5.6

Influence. In Materials Science Forum. Trans
Tech Publications Ltd. Vol. 1006: 179-184.
M. Surianinov, V. Andronov, Y. Otrosh, T.
Makovkina, S. Vasiukov, 2020. Concrete and
fiber concrete impact strength. Materials
Science Forum. 1006 MSF: 101-106.
Sierikova O, Koloskov V, Degtyarev K,
Strelnikova O., 2021. The Deformable and
Strength Characteristics of Nanocomposites
Improving. Materials Science Forum. Trans
Tech Publications Ltd, Switzerland 1038:144-
153.
https://doi.org/10.4028/www.scientific.net/M
SF.1038.144

Sierikova O., Strelnikova E., Degtyarev K.,
2022. Srength. Characteristics of Liquid
Storage Tanks with Nanocomposites as
Reservoir Materials. 2022 IEEE 3rd KhPI
Week on Advanced Technology (KhPIWeek):
151-157. doi:
10.1109/KhPTWeek57572.2022.9916369
Sierikova O, Strelnikova E, Gnitko V,
Degtyarev K., 2021. Boundary Calculation
Models for Elastic Properties Clarification of
Three-dimensional Nanocomposites Based on
the Combination of Finite and Boundary
Element Methods. IEEE 2nd KhPI Week on
Advanced Technology (KhPIWeek): 351-356.
doi: 10.1109/KhPIWeek53812.2021.9570086
Behshad A., Shekari M., 2018. A boundary
element study for evaluation of the effects of
the rigid baffles on liquid sloshing in rigid
containers. International Journal of Maritime

Technology  Ne 10  45-54, DOL
10.29252/ijmt.10.45.
Mohammad Yaghoub Abdollahzadeh

Jamalabadi, 2019. A nalytical Solution of
Sloshing in a Cylindrical Tank with an Elastic
Cover.  Mathematics 7(11): 1070
https://doi.org/10.3390/math7111070

Gnitko V., Degtyarev K., Naumenko V.,
Strelnikova E., 2018. Coupled BEM and FEM
Analysis of fluid-structure interaction in dual
compartment tanks. International Journal of
Computational Methods and Experimental
Measurements  6(6): 976-988,  DOI:
10.2495/CMEM-V6-N6-976-988

Wenyuan Wang, Quansheng Zang, Zhijun
Wei, Zijian Guo, 2019. An isogeometric
boundary element method for liquid sloshing
in the horizontal eccentric annular tanks with
multiple porous baffles, Ocean Engineering,
Volume 189: 106367,
https://doi.org/10.1016/j.oceaneng.2019.1063

E-ISSN: 2692-5079

50

[22]

[23]

[24]

[27]

Olena Sierikova, Elena Strelnikova,
Denys Kriutchenko, I. Hariachevska

67

Gnitko V., Degtyariov K., Naumenko V.,
Strelnikova E., 2017. BEM and FEM analysis
of the fluid-structure interaction in tanks with
baffles, Int. Journal of Computational
Methods and Experimental Measurements,
vol. 5, no. 3: 317-328. DOI:10.2495/CMEM-
V5-N3-317-328

Gnitko. V., Marchenko U., Naumenko V.,
Strelnikova E., 2011. Forced vibrations of
tanks partially filled with the liquid under
seismic load, WIT Transaction on Modelling
and Simulation, wvol. 52: 285-296. DOI:

10.2495/BE11025

Karaiev A., Strelnikova E., 2020. Singular
integrals in axisymmetric problems of
elastostatics.  International  Journal  of
Modeling,  Simulation, and  Scientific
Computing. Vol. 11, Ne 1: 200003. DOIL

10.1142/S1793962320500038

Avramov K.V., Strel’nikova E.A., Pierre C.,
2012. Resonant many-mode periodic and
chaotic self-sustained aeroelastic vibrations of
cantilever plates with geometrical non-
linearities in incompressible flow. Nonlinear
Dyn, 70: 1335-1354.
https://doi.org/10.1007/s11071-012-0537-5
Ravnik J., Strelnikova E., Gnitko V.,
Degtyarev K., Ogorodnyk U., 2016. BEM and
FEM analysis of fluid-structure interaction in
a double tank, Engineering Analysis with
Boundary Elements, 67: 13-25.
https://doi.org/10.1016/j.enganabound.2016.0
2.006

Gnitko V., Karaiev A., Choudhary N.,
Strelnikova E., 2021. Boundary element
method analysis of boundary value problems
with periodic boundary conditions, WIT
Transactions on Engineering Sciences, 131:
31-44. DOI: 10.2495/BE440031

Volume 5, 2023


https://doi.org/10.4028/www.scientific.net/MSF.1038.144
https://doi.org/10.4028/www.scientific.net/MSF.1038.144
https://doi.org/10.3390/math7111070
https://doi.org/10.1016/j.oceaneng.2019.106367
https://doi.org/10.1016/j.oceaneng.2019.106367
https://doi.org/10.1007/s11071-012-0537-5
https://doi.org/10.1016/j.enganabound.2016.02.006
https://doi.org/10.1016/j.enganabound.2016.02.006

Engineering World
DOI:10.37394/232025.2023.5.6

Contribution of Individual Authors to the
Creation of a Scientific Article (Ghostwriting
Policy)

-Olena Sierikova carried out the conceptualisation,
data curation, formal analysis, methodology.

-Elena Strelnikova carried out the simulation and
the optimization.

-Denys Kriutchenko carried out the visualization,
data curation.

-1. Hariachevska carried out the simulation and the
optimization.

Sources of Funding for Research Presented in a
Scientific Article or Scientific Article Itself
No funding was received for conducting this study.

Conflict of Interest
The authors have no conflict of interest to declare.

Creative Commons Attribution License 4.0

(Attribution 4.0 International, CC BY 4.0)

This article is published under the terms of the

Creative Commons Attribution License 4.0

https://creativecommons.org/licenses/by/4.0/deed.en
UsS

E-ISSN: 2692-5079

51

Olena Sierikova, Elena Strelnikova,
Denys Kriutchenko, I. Hariachevska

Volume 5, 2023


https://creativecommons.org/licenses/by/4.0/deed.en_US
https://creativecommons.org/licenses/by/4.0/deed.en_US

	2Department of Hydroaeromechanics of Power Machines,
	Creative Commons Attribution License 4.0 (Attribution 4.0 International, CC BY 4.0)

	Blank Page



