
7. INTERNATIONAL ANKARA
MULTIDISCIPLINARY STUDIES

CONGRESS

PROCEEDINGS BOOK

March 5-6,  2024
Ankara, Türkiye

EDITED BY
ASS OC.  PROF.  DR.  HASAN ŞAHİN

ISBN - 978-625-8254-40-2
www.izdas.org



PR
O

C
E

E
D

IN
G

S 
B

O
O

K
 

VII. INTERNATIONAL ANKARA 
MULTIDISCIPLINARY STUDIES CONGRESS  

March 5-6, 2024 - Ankara, Türkiye 

 

 

 

 

 

 

VII. INTERNATIONAL ANKARA 
MULTIDISCIPLINARY STUDIES 

CONGRESS 
March 5-6, 2024 - Ankara, Türkiye 

 

 

PROCEEDINGS BOOK 
 

Edited by 

Assoc. Prof. Dr. Hasan ŞAHİN 
 

 

All rights of this book belong to IKSAD GLOBAL. 

Without permission can’t be duplicate or copied. Authors of 

chapters are responsible both ethically and juridically. 

IKSAD Publications – 2024 © 

Issued: 23.03.2024 

ISBN: 978-625-8254-40-2 

  



PR
O

C
E

E
D

IN
G

S 
B

O
O

K
 

VII. INTERNATIONAL ANKARA 
MULTIDISCIPLINARY STUDIES CONGRESS  

March 5-6, 2024 - Ankara, Türkiye 

 

CONGRESS ID 

VII. INTERNATIONAL ANKARA MULTIDISCIPLINARY STUDIES 
CONGRESS 

 

 

DATE-PLACE 

March 5-6, 2024 

Ankara, Türkiye 

  

 EDITORS 

 Assoc. Prof. Dr. Hasan ŞAHİN 

 

EVALUATION PROCESS 

All applications have undergone a double-blind peer review 
process 

 

TOTAL NUMBER OF PAPERS: 355 

THE NUMBER OF PAPERS FROM TÜRKİYE: 169 

OTHER COUNTRIES: 186 

 

PARTICIPANT COUNTRIES (29): 
Türkiye, Azerbaijan, Turkish Republic of Northern Cyprus, 
Romania, Algeria, Indonesia, Kazakhstan, Italy, Vietnam, 

France, Malaysia, Ethiopia, Marocco, Norway, China, 
Pakistan, Lebanon, India, Ukraine, Algeria, Nigeria, Albania, 

Mexico, Serbia, Hungary, Spain, Albania, Iran, Belarus 

  



PR
O

C
E

E
D

IN
G

S 
B

O
O

K
 

VII. INTERNATIONAL ANKARA 
MULTIDISCIPLINARY STUDIES CONGRESS  

March 5-6, 2024 - Ankara, Türkiye 

 

 

CONGRESS ORGANIZING COMMITTEE 

Assoc. Prof. Dr. Özlem ULGER -  Batman University 
Assoc. Dr. Betul APAYDIN YILDIRIM, Ataturk University 

Assoc. Dr. Tülin KARTAL GÜNGÖR- Ankara Hacı Bayram Veli University 
Assoc. Dr. Nilgün ULUTAŞDEMİR- Gumushane University 

Assoc. Prof. Dr. Sinan KOPUZLU - Ataturk University 
Dr. Ethem İlhan ŞAHİN -Adana Alparslan Türkeş Science and Technology 

University 
Dr. Serkan GÜN- Siirt University 

Dr. Hüseyin ERİŞ- Harran University 
Dr. Elvan CAFAROV - Azerbaijan State Pedagogy University 

Dr. Violla MAKHZOUM, Islamic University of Lebanon 
Dr. Muhammad Faisal - Sindh Madressatul Islam University (SMIU), Karachi, 

Pakistan 
 

COORDINATOR 
Alina AMANZHOLOVA 

 

CONGRESS SCIENTIFIC COMMITTEE 
Prof. Dr. Ahmet Niyazi ÖZKER, Bandırma Onyedi Eylul University 

Prof. Dr. Salih ÖZTÜRK, Tekirdağ Namık Kemal University 
Assoc. Prof. Dr. Güray ALPAR- Strategic Thinking Institute 

Assoc. Prof. Dr. Özlem ÜLGER - Batman University 
Assoc. Dr. Nazife ASLAN, Ankara Hacı Bayram Veli University 

Assoc. Prof. Dr. Mehmet Emin KALGI - Ardahan University 
Assoc. Dr. Froilan Mobo - Philippine Merchant Marine Academy 

Assoc. Prof. Dr. Songül AKIN-Dicle University 
Assoc. Prof. Dr. Ayşegül TÜRK - Ankara Hacı Bayram Veli University  

Asst. Prof. Dr. Fatma HASTAOGLU, Sivas Cumhuriyet University 
Dr. Cavit POLAT - Iğdir University 

Dr. Damezhan SADYKOVA - Kazakh Girls State Pedagogical University 
Dr. Mariam S. OLSSON - Labanise University 

Dr. Muntazir MEHDI, National University of Modern Languages 
Dr. WU Yicheng - Minzu University 

Dr. Ethem İlhan ŞAHİN, Adana Alparslan Turkes Science and Technology University 
Dr. Serkan GÜN, Siirt University 

Dr. Mohammed Shoaib KHAN - Pak Turk Maarif School 
Dr. Muhammad Faisal - Sindh Madressatul Islam University (SMIU), Karachi, 

Pakistan 
 

 



PR
O

C
E

E
D

IN
G

S 
B

O
O

K
 

VII. INTERNATIONAL ANKARA
MULTIDISCIPLINARY STUDIES CONGRESS 

March 5-6, 2024 - Ankara, Türkiye 

Major Gheorghe Giurgiu, Manole Cojocaru 1 THE GUT-BRAIN-SKIN AXIS IN ACNE: IMPACT OF POLENODERM 
Zineb CHOUKCHOU BRAHAM, Amina KERMAD, Sanaa El Korso, 
Mouhamed Reda Ramdani, Amel Boudjemaa, Khaldoun Bachari, 
Abderrahim Choukchou Braham 2 
ENVIRONMENTALLY HARMFUL DYE DEGRADATION USING 
TITANATE BASED SINGLE PEROVSKITE MATERIALS 
Meltem İNCE YENİLMEZ, Eylül KABAKÇI GÜNAY, Çağla 
ODUNCULAR 3 BEYOND BORDERS: CLIMATE CHANGE'S IMPACT ON THE WORLD 
ECONOMY 
Ahmet ŞAHAN, Mustafa GÜÇLÜ 

13 EVALUATION OF SELF-DIRECTED LEARNING PROCESS IN TERMS 
OF FOREIGN LANGUAGE TEACHING 
Mustafa GÜÇLÜ 18 AN OVERVIEW OF SELF-DIRECTED LEARNING MODELS 
Ozan BOVATEKİN, Özgür AKBULUT 23 EFFECTS OF RELATIVE HUMIDITY ON CAPACITY IN HEAT PUMPS 
Zeynep Beyza YAZICI, Fatma ALTINSOY, Kübra KARAKAYA ÖZYER 

33 INVESTIGATION OF THE RELATIONSHIP BETWEEN THE 
EXECUTIVE FUNCTIONS SKILLS AND SOCIO-DEMOGRAPHIC 
VARIABLES OF UNIVERSITY STUDENTS 
Vesile ŞEMŞEK 

40 AFSHAR DYNASTY AND ITS IMPORTANCE İN TURKISH POLITICAL 
HISTORY 
Vesile ŞEMŞEK 44 KAÇARLAR DEVLETİ 
Wulandhari, Inggar Damayanti, Irfan Martiansyah 

49 HERBARIUM DNA ISOLATION IN THE CONSERVATION OF 
GENETIC RESOURCES: CASE STUDY SAMPLES OF HERBARIUM 
BOGORIENSE COLLECTION 
Galiya ISKAKOVA, Dana TLEUBERLINA, Ainur TUGELBAYEVA, 
Nurgul MUSSATAYEVA, Binazar BAYETOV 

58 DIGITAL SOCIETY AND THE TEACHER'S PERSONALITY 

CONGRESS ID 1 
SCIENTIFIC COMMITTEE 2 
PHOTO GALLERY 3 
PROGRAM 4 
CONTENT 5 



PR
O

C
E

E
D

IN
G

S 
B

O
O

K
 

VII. INTERNATIONAL ANKARA 
MULTIDISCIPLINARY STUDIES CONGRESS  

March 5-6, 2024 - Ankara, Türkiye 

Omar Britel, Asmae Fitri, Adil Touimi Benjelloun, Mohammed 
Benzakour, Mohammed Mcharfi  

NEW CARBAZOLE-BASED MOLECULAR MATERIALS FOR 
PHOTOVOLTAIC APPLICATIONS 683 

Pranjali S. Dhomne, Pawan U. Gajbe 

684 ASSESSMENT OF SEASONAL VARIATIONS IN ALKALINITY OF 
AMBALA LAKE OF RAMTEK TEHSIL OF NAGPUR DISTRICT, 
MAHARASHTRA, INDIA 
Maroua Fattouche, Salah Belaidi, Mebarka Ouassaf, Samir Chtita 

685 QSAR STUDIES OF PYRIMIDINE DERIVATIVES, MOLECULAR 
DOCKING AND ADMET 
Zafar Ali Wassan, Faiz Muhammad Shaikh, Rasool Bux Junejo, Zubair 
Ahmed Shaikh, Syed Khursheed Shah Farm  

IMPACT OF SUGARCANE PRODUCTION UNDER ORGANIC 
MANAGEMENT AS INFLUENCED BY APPLICATION OF SUGARCANE 
BAGASSE ASH: A CASE STUDY OF SYED KHURSHEED AHMED 
SHAH FARM SALEHPAT, SINDH PAKISTAN 

686 

Karthikeyan N. K, Elavenil S. 

687 INFLUENCING SUSTAINABLE NANO CARBON TYRE CHAR WITH 
SILICA FUME TO ENHANCE THE INTERFACE OF CEMENT 
MATRIX: A EFFECTIVE APPROACH 
U. Elaiyarasan, G.V. Hariharan, C. Jayabalan, J. Paulmar Pushparaj 

688 INVESTIGATING THE CORROSION RESISTANCE OF A POLYMER 
COMPOSITE COATING ON BIODEGRADABLE AZ31 MAGNESIUM 
ALLOY 
Syed Anam Shaheen Abbas Shah, Muhammad Shoaib, Muhammad 
Ayyaz, Muhammad Yasin Naz, Shazia Shukrullah  

TESTING OF A CdS/g-C3N4/TiO2 TERNARY PHOTOCATALYSTS FOR 
PHOTOCATALYTIC APPLICATIONS 689 

Abdelghani Sougrati, Mohamed Boumazgour, Zakaria Taqui 690 ABOUT THE NORM EQUALITIES OF ELEMENTARY OPERATORS 
Prabhash Singla, Kuldeep Singh  
ARTIFICIAL INTELLIGENCE-DRIVEN APPROACHES FOR PRECISE 
DETECTION AND MONITORING OF EXTREME WEATHER EVENTS 691 

LAMRANI ALAOUI Abdesslem 692 DYNAMICAL STUDY OF A STOCHASTIC EPIDEMIC MODEL 
Elena STRELNIKOVA, Kiril DEGTYAREV, Denys KRİUTCHENKO, 
Vasyl GNITKO, Olena SİERİKOVA 693 
SLOSHING IN LIQUID-FILLED CYLINDRICAL-CONICAL SHELLS 
Achraf Zinihi, Moulay Rchid Sidi Ammi  
PARTIAL DIFFERENTIAL EQUATIONS IN EPIDEMIOLOGY: A 
NONLINEAR REACTION-DIFFUSION MODEL 703 

Saida ID OUAZIZ, Mohammed EL Khomssi 
704 FRACTIONAL ORDER DERIVATIVES: SHEDDING LIGHT ON 

CORRUPTION DYNAMICS 
Gopi Reddy Raveendra Reddy, Dr. Muram Subba Reddy, Dr. Suguru 
Subba Rayudu, K.Venkata Subba Reddy 705 ETHYL IMIDAZOLE-1-CARBOXYLATE AS A 
NOVELCARBONYLATING AGENT FOR THE SYNTHESIS OF 1,2,4-



PR
O

C
E

E
D

IN
G

S 
B

O
O

K
 

VII. INTERNATIONAL ANKARA 
MULTIDISCIPLINARY STUDIES CONGRESS  

March 5-6, 2024 - Ankara, Türkiye 

SLOSHING IN LIQUID-FILLED CYLINDRICAL-CONICAL SHELLS  
 

Prof. Dr. Elena STRELNIKOVA 
A. Podhorny Institute of Mechanical Engineering Problems, Kharkiv, Ukraine  

ORCID NO: 0000-0003-0007-7214 
PhD Kiril DEGTYAREV 

A. Podhorny Institute of Mechanical Engineering Problems, Kharkiv, Ukraine. 
ORCID NO: 0000-0002-4486-2468 

PhD Denys KRİUTCHENKO 
A. Podhorny Institute of Mechanical Engineering Problems, Kharkiv, Ukraine. 

ORCID NO: 0000-0002-6804-6991 
PhD Vasyl GNITKO 

A. Podhorny Institute of Mechanical Engineering Problems, Kharkiv, Ukraine. 
ORCID NO: 0000-0003-2475-5486 

PhD Olena SİERİKOVA 
National University of Civil Defence of Ukraine, Kharkiv 

ORCID NO: 0000-0003-0354-9720 

ÖZET 

Akışkan salınımları konusu, havacılık, denizcilik, inşaat makine mühendisliği, nükleer mühendislik 
dahil olmak üzere çeşitli endüstriyel sektörler için zorluk teşkil etmektedir ve aynı zamanda fizikçiler 
ve matematikçiler için de karmaşık bir görevdir. Sıvı salınımları, su ve yağ depolamak için kullanılan 
rezervuarlarda büyük hasara yol açabilir. Her yeni roketatarın, yeni aracın tasarımı, yeni yakıt depoları 
ve karmaşık şekillerdeki rezervuarların üretilmesini gerektirmektedir.  

Bu araştırmanın temel amacı, kompozit sıvı dolu rezervuarlardaki titreşimlerin doğal frekanslarını 
değerlendirmek için sonlu ve sınır elemanlar yöntemlerini entegre ederek güvenilir bir sayısal yaklaşım 
geliştirmektir. Çalışma özellikle halkalarla birbirine bağlı silindirik ve konik kabuklardan oluşan kabuk 
yapılarının doğal titreşimlerini analiz etmeye odaklanıyor. Bu kabuklar arasındaki bölge ideal, 
sıkıştırılamaz bir akışkanla doludur. Sayısal simülasyonlar sınır elemanı tekniklerinin yanı sıra mod 
süperpozisyon yöntemlerini de kullanır. 

Rijit kabuk yapılarındaki sıvı titreşimlerinin spektral sınır problemine sayısal çözüm sunulmuştur. 
Frekanslar ve modlar, tekil integral denklemlerin çözülmesiyle belirlenir. Dönel kabukların söz konusu 
olduğu durumlarda bu sistemler, integrallerin eğriler ve doğru parçaları boyunca hesaplandığı tek 
boyutlu formlara basitleştirilir. Logaritmik ve Cauchy tipi tekilliklere sahip tek boyutlu integralleri 
hesaplamak için verimli sayısal prosedürler kullanılır.  

Sıvı dolu kabukların frekansları ve modları, tekil integral denklem sistemlerinin çözülmesiyle elde 
edilen temel fonksiyonlarla belirlenir. Test hesaplamaları, önerilen yöntemin yüksek hassasiyetini ve 
verimliliğini doğrulamaktadır. Bu bulguların önemi ve pratik faydası, farklı uçuş koşulları ve farklı 
yükler altında farklı yakıt tanklarının titreşimlerini araştırma yeteneğinde yatmaktadır. Ek amaç, söz 
konusu sistemin mekanik özelliklerini geliştirmek için nanomateryallerin potansiyel kullanımını 
araştırmaktır. Bu, hesaplamalı modeller geliştirmeyi ve güç, kararlılık ve diğer mekanik özelliklerdeki 
değişiklikleri değerlendirmek için deneyler yapmayı içerebilir. 
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ABSTRACT 

The issue of fluid oscillations poses a challenge for various industrial sectors, including aerospace, 
maritime, civil mechanical engineering, nuclear engineering, and is a complex task for physicists and 
mathematicians as well. Fluid oscillations can lead to catastrophic damage of reservoirs used for storing 
water and oil. The design of each new rocket launcher, new vehicles necessitate producing new fuel 
tanks, and reservoirs with intricate shapes.  

The main aim of this research is to develop a reliable numerical approach by coupling finite and 
boundary element methods for evaluating the natural frequencies of vibrations in compound liquid-filled 
reservoirs. The study specifically focuses on analysing the inherent vibrations of shell structures, 
comprising interconnected cylindrical and conical shells with rings. The region between these shells is 
filled with an ideal, incompressible fluid.  

The numerical simulations utilize mode superposition methods, along with boundary element 
techniques. Numerical solution is presented for the spectral boundary problem of liquid vibrations in 
rigid shell structures. The frequencies and modes are determined by solving singular integral equations. 
In situations involving shells of revolution, these systems are simplified to one-dimensional forms, 
where integrals are computed along curves and line segments. Efficient numerical procedures are 
employed to compute one-dimensional integrals with logarithmic and Cauchy-type singularities. The 
frequencies and modes of liquid-filled shells are determined through basis functions obtained by solving 
systems of singular integral equations.  

Test calculations validate the high precision and efficiency of the proposed method. The significance 
and practical utility of these findings lie in the capability to investigate the vibrations of different fuel 
tanks under diverse flight conditions and different loads. The additional objective is to investigate the 
potential utilization of nanomaterials for improving the mechanical properties of the system under 
consideration. This could involve developing computational models and carrying out experiments to 
evaluate alterations in strength, stability, and other mechanical attributes. 

Keywords: Coaxial shells, Boundary element methods, Sloshing 

 

 

INTRODUCTION 

Shells of rotation as fluid storage tanks are widely used in water supply, oil and gas units, in various 
industries, in nuclear facilities for storage of various liquid or similar materials, chemical liquids and 
various wastes. Under suddenly applied external loads in partially filled tanks, intensive sloshing in the 
liquid free surface occurs. Sloshing means any movement of the free surface of the liquid inside the 
container. This phenomenon has a significant impact on the dynamic response of the container. The 
spectral boundary value problem for liquid tanks consitsts in finding the natural frequencies and modes 
of the free surface sloshing.  
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The calculation of hydrodynamic forces on the walls of reservoirs with liquids is an important problem 
for ensuring the strength and stability of movement of industrial tanks and vessels. The main problems 
here are distribution assessment of the hydrodynamic pressure, forces, moments and determination of 
the natural frequencies of the liquid free surface. These parameters directly affect the dynamic stability 
and strength of containers. Although only a full-scale experiment can provide an adequate assessment 
of the strength of tanks with moving liquids, but performing such full-scale experiments is an expensive 
and dangerous procedure, so the computer modeling is now at the forefront of modern scientific 
research. 

The problem of fluid vibrations is a challenge for various industries, such as aerospace, chemical, 
mechanical engineering, and nuclear engineering, as well as a challenging task for physicists and 
mathematicians. Fluctuation of the liquid can lead to catastrophic damage to water and oil storage tanks, 
descent from the calculated trajectory of launch vehicles. Due to its potentially dangerous effects, liquid 
sloshing in tanks has been the subject of many theoretical and experimental studies during the last few 
decades Balas(2023), Gnitko (2016), Lui (2020). Many important phenomena have been addressed in 
these studies, especially linear and nonlinear slosh effects for both inviscid Gnitko (2019), Strelnikova 
(2021) and viscous fluids Tong (2020). General overviews of existing solutions to the problem of 
sloshing are given in Ibragim (2005), Pradeepkumar (2020), Zhang (2021). Note that although 
compound shells of revolution are typical structures of fuel tanks of launch vehicles and tanks used in 
the automotive, chemical, and agricultural industries, insufficient attention has been paid to the study of 
the oscillations of such tanks in the scientific literature Murawski (2020), Karaev (2021), Strelnikva 
(2019). 

Therefore, this study, devoted to the solution of the spectral boundary value problem regarding fluid 
oscillations in compound shells of revolution, is performed on a topical topic 

METHODOLOGY 

Research Aim and Problem Formulation  

The purpose of the study is to develop computer technology based on the combination of mode 
superposition and boundary element methods for estimating natural frequencies and modes of fluid 
oscillations in compound shell structures. 

The compound shells of rotation, partially filled with liquid, are considered Fig. 1(a-b). As S1 the wetted 
surface of the shell structure is denoted, while S0 is the free surface of the liquid. It is assumed that the 
liquid inside shells an is ideal and incompressible one. 

 
а)      b) 

Fig. 1. Compound shell structures and their drafts 
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The tanks under consideration consist of coaxial cylindrical and conical shells connected by rings that 
form the bottoms. The liquid is located between the shells. The surfaces of the shells and bottoms are 
wetted, and the free surface at the state of rest is at a height H, forming a ring, which is described in the 
polar coordinate system as follows: {z=H,R1<r<R0}.  

Here  for structure presented at Fig/ 1а), whereas for stucture 1b) it is 

following ).  

Let the movement of the liquid between the shells is vortex-free. Let denote as  the liquid 

velocity vector, then the incompressibility condition takes the form . The condition of the 

motion potentiality means that there is a scalar velocity potential Ф, such that . It follows 
from these assumptions that the potential Ф satisfies the Laplace equation in the region occupied by the 
liquid. Let  be an area, occupied by the liquid, P is for points inside the liquid domain. The fluid 
pressure p on the wetted surfaces of the shell is determined from the Bernoulli integral using the formula, 
Rudnicki (2014)  

,     (1) 

where  is the vertical coordinate of the point inside the liquid,  is the gravity acceleration, and  is 

the liquid density. 

Let formulate the boundary conditions for the Laplace equation for finding the potential Ф. On the 
wetted surfaces S1, the non-penetration condition must be fulfilled, while on the free surface So dynamic 
and kinematic conditions are set, Kriutchenko (2017). The non-penetration condition has the form 

.     (2) 

Kinematic and dynamic conditions are fulfilled on the free surface, so 

, .   (3) 

Here n is the unit outward normal to the surface,  is an unknown function that describes 

the free surface location and its changing in time. 

So, the boundary value problem is formulated for the Laplace equation 

  (4) 

to define the velocity potential Ф with the unknown function . 

Mode superposition method 

Since the shells of revolution are considered, and due to the linearity of relations (4), the unknown 
functions Ф and ζ in cylindrical coordinates are represented as the following series: 

    (5) 

   (6) 
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At that, the kinematic condition will be fulfilled if the following relationship is valid on the free surface 
considereing the basic functions  and   

.    (7) 

It follows from the dynamic and kinematic conditions that 

,     .     (8) 

Assuming the harmonic nature of the change in coefficients  in time as following  

, we obtain the next relation: 

, .    (9) 

This leads to the following generalized boundary value problem: 

   (10) 

Problem (10) represents the so-called spectral boundry value problem, Raynovskyy (2020).  

The boundary element method Brebbia (2017), has been used to solve spectral boundary value problem 
(10). 

Boundary element method 

To apply the boundary element method in a direct formulation, Green's third formula is used, Brebbia 
(2017) 

   (12) 

where is the Cartezian distance between points  and , S = S1  S0. For spectral problem 
(10) it follows 

  

, ,   (13) 

For shells of revolutopn, using , one can obtain the followimg system of one-

dimensional singular integral equtions: 

, (14) 

, , 

, 
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 , . 

Here the generalized elliptical integrals are introduced 

,    (15) 

, ).    (16) 

For numerical evaluation of integrals (15)-(16) the effective method Karaiev (2021) is applied, that 
based on the use of an arithmetic-geometric mean Cox (1984). To solve the system of singular equations 
(14), the method of boundary elements (BEM) with a constant approximation of the density along 
boundary elements is used, Naumenko (2002), Kriutchenko (2017). 

RESULTS AND DISCUSSION 

Validation 

To test the proposed method, the obtained numerical results are compared with the data Gavrilyuk 
(2008). Both V-shaped and Ʌ-shaped conical tanks with R1 = 1m and α = π/3 filled eith the liquid are 
considered. We assume that R2 is the smaller radius of the cone. 

The first frequencies with wave numbers l= 0, 1, 2 are considered, since they are the lowest natural 
frequencies that determine the hydrodynamic load. The results of the comparison are given in Table 1 
for different values of R2. At the numerical calculations, 120 boundary elements were chosen along the 
conical part, 100 elements along the free surface radius, and 100 elements along the bottom radius. A 
further increase in the number of elements did not significantly change the results.  

The results obtained by the proposed one-dimensional BEM are in good agreement with the data 
Gavrilyuk (2008). Some data discrepancy is observed at R2=0.2m for Ʌ-shaped conical tanks. At the 
same time, Gavrilyuk (2008) noted the relatively low accuracy of the semi-analytical method in this 
particular case. 

So, exactly 120 boundary elements are used along both cylindrical and conical surfaces to investigate 
fluid oscillations in coaxial shells. 

Table 1. Sloshing Frequencies in Conical Shells 
Method V-cone Ʌ-cone 

R2,m 0.2 0.4 0.6 0.8 0.9 0.2 0.4 0.6 0.8 0.9 
l =0, k =1 

Gavrilyuk 3.386 3.386 3.382 3.139 2.187 24.153 10.014 6.665 4.550 2.683 
BEM 3.389 3.390 3.391 3.192 2.200 20.027 10.034 6.669 4.545 2.678 

l =1, k =1 
Gavrilyuk 1.304 1.302 1.254 0.934 0.542 11.332 5.629 3.515 1.661 0.726 

BEM 1.305 1.307 1.259 0.954 0.574 11.303 5.626 3.481 1.651 0.732 
 l =2, k =1 

Gavrilyuk 2.263 2.263 2.255 2.015 1.361 17.760 8.967 5.941 3.724 1.923 
BEM 2.265 2.270 2.269 2.048 1.394 17.939 8.965 5.941 3.726 1.951   

Sloshing in compound shells 
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Next, spectral boundary value problem (10) is solved, which made it possible to find the modes 
and their fundamental frequencies for the structures shown in Fig. 1. 

The specificity of these structures is that the free surface has the shape of a ring. The free surface has 
the same shape when considering toroidal shells. The liquid sloshing in such shells was studied in 
Karaev (2020). The values of the lower eight sloshing frequencies of coaxial cylindrical-conical shell 
structures are given in Table 2. 

Table 2. Liquid Sloshing Frequeincies in Compound Shells, Hz 
№ 1 2 3 4 5 6 7 8 

Shell structure, Fig.1a) 
frequency 0,6277 0,6277 0,8892 0,8892 1,0779 1,0779 1,2355 1,2355 

Shell structure, Fig, 1b) 
frequency 0,5512 0,5512 0,8153 0,8153 1,0027 1,0027 1,1548 1,1548 

Note that there are multiple sloshing frequencies. The corresponding sloshing modes of the free surface 
are shown in Fig. 2 and 3. The sloshing frequencies of both structures differ slightly, but for structures 
with smaller radius of the free surface, they are higher. This difference decreases with increasing wave 
number. The lowest frequencies correspond to the first, second and third wave numbers. This 
corresponds to the calculation data given, regarding sloshing of liquid in conical and cylindrical shells 
in Ibragim (2005). 

 

                        1                                2                                  3                                 4 

shi 
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Fig. 2. Sloshing Modes of Structure, Fig. 1а). 
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Fig.3. Sloshing Modes of Structure, Fig. 1b) 

Thus, the spectral problem of determining the frequencies and modes of fluid vibrations in coaxial shell 
structures has been solved. This makes it possible to study the movement of liquid in fuel tanks and 
reservoirs under the action of external loads. 

CONCLUSION AND FURTHER RESEARCH 

The effaective numerical method for determining the frequencies and modes of fluid oscillations in 
compound shells of revolution is proposed. The boundary element method is applied, for the first time, 
to solve the spectral boundary value problem in compound shells of revolution. This approach will be 
used in computer modeling the dynamic behavior of liquid-filled tanks and the stability study of liquid 
movement in fuel tanks of complex-shaped launch vehicles.  

In the future, it is planned to study the vibrations of elastic coaxial shells with liquid, using various 
composite materials, Sierikova (2021). Exploring hydroelastic vibrations of conical shells involves 
considering the interaction of the liquid with the shell walls, including the influence of liquid pressure, 
its distribution across the shell's surface, and potential resonance phenomena. Modelling with the use of 
nanomaterials involves studying the potential improvement of mechanical properties of shells, using 
nanomaterials. This may include numerical models and experiments to assess changes in strength, 
stability, and other mechanical characteristics. 
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