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APRESENTACAO

AEngenhariade Computacao € a area que estuda as técnicas, métodos e ferramentas
matematicas, fisicas e computacionais para o desenvolvimento de circuitos, dispositivos e
sistemas. Esta area tem a matematica e a computacdo como seus principais pilares. O
foco esta no desenvolvimento de solugbes que envolvam tanto aspectos relacionados ao
software, quanto a elétrica/eletrénica. Os profissionais desta area sdo capazes de atuar
principalmente na integracdo entre software e hardware, tais como: automacgéo industrial
e residencial, sistemas embarcados, sistemas paralelos e distribuidos, arquitetura de
computadores, robotica, comunicacao de dados e processamento digital de sinais.

Dentro deste contexto, esta obra aborda diversos aspectos tecnologicos
computacionais, tais como: implementacdo e modificacdes numéricas a serem feitas no
algoritmo de Anderson (2010) para simular o escoamento sobre uma asa finita submetida
a angulos de ataque proximos ao estol; modelo distribuido para analisar a influéncia da
formacdo e do adensamento de geada sobre o desempenho de evaporadores do tipo
tubo-aletado, comumente usados em refrigeradores frost-free; um algoritmo de Redes
Neurais Convolucionais(CNN) que identifica se a pessoa esta ou nao utilizando a mascara;
potencialidades do M-Learning e Virtual Reality no curso técnico em Agropecuaria; avaliagdo
da qualidade da energia elétrica em um sistema de geracéo de energia fotovoltaica; uma
abordagem para a segmentagdo de imagens cerebrais, utilizando o método baseado em
algoritmos genéticos pelo método de mdltiplos limiares; estudo numérico de uma ancora
torpedo sem aletas cravada em solo isotropico puramente coesivo, utilizando um modelo
axissimétrico ndo-linear em elementos finitos; estudo acerca da analise numérica de placas
retangulares por meio do método das diferencgas finitas, obtendo solu¢des aproximadas
para o campo de deslocamentos transversais bem como os correspondentes momentos
fletores, para problemas envolvendo uma série de condigbes de contorno, utilizando-se
o software Matlab® para simulagédo; desenvolvimento e aplicagdo da Realidade Virtual
(RV) como Tecnologia de Informagdo e Comunicagéo (TIC) para auxiliar no processo de
ensino-aprendizado de disciplinas do Ensino Médio; avaliagéo dos resultados obtidos em
campanhas de medi¢édo de qualidade da energia elétrica (QEE) na rede basica em 500
kV; examinar o comportamento mecanico-estatico de uma longarina composita projetada
para uma aeronave esportiva leve através de investigacdes numéricas, empreendidas em
software (ANSYS Release 19.2) comercial de elementos finitos; construgdo de um sistema
para monitoramento de ativos publicos; a relagcdo da Sociedade 5.0 envolvida no contexto
da Industria 4.0 e a Transformacéo Digital; algoritmos de selecdo e de classificacao
de atributos, identificando as vinte principais caracteristicas que contribuem para o
desempenho alto ou baixo dos estudantes; a Mask R-CNN, utilizada para a segmentacao
de produtos automotivos (parabrisas, faréis, lanternas, parachoques e retrovisores) em uma

empresa do ramo de reposicao automotiva; o nivel de usabilidade do aplicativo protétipo



para dispositivo mével na area da saude voltado ao auxilio do monitoramento movel no uso
de medicamentos em seres humanos.

Sendo assim, esté obra é significativa por ser composta por uma gama de trabalhos
pertinentes, que permitem aos seus leitores, analisar e discutir diversos assuntos importantes
desta area. Por fim, desejamos aos autores, nossos mais sinceros agradecimentos pelas
significativas contribuicdes, e aos nossos leitores, desejamos uma proveitosa leitura,

repleta de boas reflexdes.

Ernane Rosa Martins
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ABSTRACT: In this work the free and harmonic
vibrations of an empty and partially filled cylindrical
reservoir with an inviscid and incompressible
liquid are studied. The reservoir is modeled by
a cylindrical shell and the fluid represented by
an acoustic cavity. The analytical approach is
through the variational calculation implemented
in MAPLE software with the Rayleigh-Ritz
method for the resolution of the equations of the
frequencies. The fluid-structure interaction is
made by incorporating the effect of the fluid on
the cylindrical shell through an additional mass
of fluid. The numerical discretization is through
using the finite element method (MEF) through
ANSYS software. The forced vibration is applied
from a punctual harmonic loading in the shell, in
which the response in frequency domain were

Colecao Desafios das Engenharias: Engenharia de Computacgéo 2

investigated for the uncoupled and coupled shell
with fluid. The analysis of the harmonic response
captured the natural frequencies obtained in the
modal analysis and the operational modal forms
of the structure, characterizing a good agreement
between the analytical and numerical results for
vibrations uncoupled and coupled with fluid.
KEYWORDS: Free and Harmonic Vibrations,
Cylindrical Shell, Fluid-Structure Interaction,
Finite Element Method.

ANALISE DE VIBRACOES
DESACOPLADAS E ACOPLADAS
FLUIDO-ESTRUTURA ENTRE CASCA E
CAVIDADE ACUSTICA CILINDRICA PARA
VARIAS CONDICOES DE VINCULAGAO

RESUMO: Neste trabalho sdo estudadas as
vibragdes livres e harménicas de um reservatorio
cilindrico vazio e parcialmente cheio com um
liquido inviscido e incompressivel. O reservatorio
€ modelado por uma casca cilindrica e o fluido
representado por uma cavidade acuUstica. A
abordagem analitica se da por meio do calculo
variacional implementado no software MAPLE
com o0 método de Rayleigh-Ritz para a resolucéo
das equagdes das frequéncias. A interacdo
fluido-estrutura é feita incorporando o efeito do
fluido na casca cilindrica por meio de uma massa
adicional de fluido. A discretizagdo numérica
se da através da utlizagdo do método dos
elementos finitos (MEF) por meio do software
ANSYS. Avibracao forcada é aplicada através de
um carregamento harménico pontual na casca,
em que as respostas no dominio da frequéncia
foram investigadas para a casca desacoplada
e acoplada com fluido. A andlise da resposta
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harménica capturou as frequéncias naturais obtidas na analise modal e as formas modais
operacionais da estrutura, caracterizando uma boa concordancia entre os resultados
analiticos e numéricos para vibracdes desacopladas e acopladas com fluido.

PALAVRAS - CHAVE: Vibracoes Livres e Harmdnicas, Casca Cilindrica, Fluido-Estrutura,
Método dos Elementos Finitos.

11 INTRODUCTION

The cylindrical shells are characterized by a curved surface object with a small
thickness compared to their other dimensions, being generally made of solid material.
Despite extensive theoretical studies on vibrations in cylindrical shells, most works are
limited to classical boundary conditions: pinned-pinned, clamped-clamped, and clamped-
free. However, it is known that in engineering applications, the walls of cylindrical shells
are generally connected to other structural components (cover, bottom plate, etc) through
various types of connections, in which the idealization of different conditions (Fig. 1)
represents a fundamental role in the analysis of these situations in the mathematical and/

or numerical model.

"

Contour Conditions

.~ ®
@

Figure 1: A Diagram of the tank: (a) the cross-section; (b) the transversal section.

Several studies have theoretical analytical, numerical and experimental approaches
to the study of vibrations in cylindrical shells for different boundary conditions, such as
Kurylov & Amabili (2010), Qu et al. (2013), Mendes et al. (2014), Ma et al. (2014), Tang et
al. (2017), Franga Junior et al. (2017) and Li et al. (2018).

In this work, the free and harmonic vibrations of an empty, fully filled cylindrical
reservoir with an inviscid and incompressible liquid are studied for various boundary
conditions. The reservoir is modeled by a cylindrical shell and the fluid represented by an
acoustic cavity. The analytical solution is based on the variational calculation through the
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energy theory implemented in MAPLE software. The fluid is modeled by the wave equation
and the fluid-structure interaction performed by incorporating an additional mass of fluid into
the dynamic equations of motion of the shell. The numerical discretization is done with the
finite element method (FEM) using the software ANSYS. The forced vibration comes from
a harmonic point load in the shell, in which the frequency domain response spectra were
investigated for the uncoupled and coupled shell with fluid for different boundary conditions.

21 ANALYTICAL FORMULATION

The cylindrical shell (Fig. 1) is composed of thin walls of length L, median radius R,
radial angle ¢ and thickness h. The shell material is considered to be elastic with Young’s
modulus E, Poisson coefficient v and specific mass p. The coordinates of the displacement
vector on the surface of the shell in the axial, circumferential and radial direction are
respectively u, vand w.

The deformations and the changes in the curvature of the shell assumed based
on the linear theory of Fligge (1934). The dynamic motion equations can be obtained
through the Rayleigh-Ritz procedure through the Lagrangian function (). The Lagrangian
function (Equation 3), the internal energy of deformation (Equation 1) and the kinetic energy
(Equation 2) of the cylindrical shell, according to Brush and Almroth (1975), is given by:

1 % 2m pL
Ep = thf f (0,6, + 0y + 0,08 4 )dV (1)
—=Jo Jo
PRhJ'Z'”f 2 61?)2 . (6W) i ,
ar ac/) | F4¢ 2)
I= Efméx - Epméx (3)

where ¢, and ¢, represent the membrane and transverse strains, respectively, €z¢
denotes the shear distortions, o, ., d, and oz, are stress based on Hooke’s law, E ,, is

the maximum kinetic energy of the shell and E,

ouix 1S the internal energy of the maximum

deformation of the cylindrical shell. Part of the beam modes presented by Blevins (1979).

When applying the Rayleigh-Ritz procedure (éTjéd=0; /aB=0 ; ar/éC=0)in the
Lagrangian function, we have a system of three equations of motion. These equations
can be expressed in matrix form, by symmetric terms, in which for nontrivial solutions, the
determinant of the characteristic matrix is defined as zero. This yields the characteristic
polynomial in which the roots characterize the natural frequencies.

Through the analyzed analytical procedure, for a cylindrical shell with boundary
condition pinned-pinned, the coupling is performed by the additional mass of fluid imposed
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in the shell equation in terms compounded by the mass of the structure. The expression
of the additional mass was developed by Lindholm et al. (1962) and imposing such a
parameter has a hydrodynamic pressure of the transformed fluid in an additional virtual
mass in the shell structure. The complete analytical procedure and the development of the
equations for shell uncoupled and coupled with fluid are found in Franca Janior (2018) and
Francga Junior et al. (2019).

31 NUMERICAL SIMULATION

In the modeling the following properties of the materials were adopted: the steel
shell considered to be made with Young’s modulus E=200 GPa, Poisson Coefficient u=0,29
and specific mass p_=7760 Kg/m?® the liquid is water with specific mass p=1000 Kg/m?
and speed of sound propagation in water c=1500 m/s. For the geometric properties, were
adopted: the cylindrical shell with radius R=0,175 m, length L = 0,664 m and thickness
h =0,00102 m; the acoustic cavity with radius R = 0,175 m and length L = 0,664 m. The
formulation used was U-P, displacement for structure and pressure for the fluid.

(b)

Figure 2: Numerical models: (a) Uncoupled shell; (b) Uncoupled fluid and (c) Fluid-Structure interaction.

41 RESULTS

The analytical results were compared with the numerical results and are presented
in Figure 3. The study was limited to a low-frequency range (m = 1) and different numbers
of circumferential waves.
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Figure 3: Natural frequencies of the mode shape m = 1 for different boundary conditions for (a)
uncoupled shell and (b) shell coupled with fluid: (P-P) pinned-pinned, (P-F) pinned-free, (C-C) clamped-
clamped, (C-F) clamped-free and (C-P) clamped-pinned.

Based on Figure 3, it is possible to observe that the analytical and numerical results
practically coincide, validating the analytical technique and numerical modeling in ANSYS®.

It is observed that the lower natural frequencies of the cylindrical shell do not
necessarily occur for small values of n, both for the uncoupled shell and for the shell coupled
with fluid, and also, as n increases, natural frequencies tend to be common values. Such
a phenomenon is justified by the fact that when the shell vibrates in small circumferential
modes the energy of membrane extensional deformation predominates in the total
deformation energy of the system. However, as the number of modes n increases, the
flexural deformation energy becomes predominant in the system.

The vibration modes shapes of the structure in the axial (u), circumferential (v), radial
(w) direction and the coupled fluid pressure modes (P) for the different boundary conditions
are presented.

Colecao Desafios das Engenharias: Engenharia de Computacgéo 2 Capitulo 29 m



Cc.C Pinned-Free (P-F)
el ay | a3 | a8 | 4 | ae | ap
Upper
View
Mode

(u)
Mode

U]
Mode

(w)

Mode

")

Pinned-Pinned (P-P) and Pinned-Free (P-F)
C.C Clamped-Clamped (C-C) Clamped-Free (C-F)

e lay [ay a9 | a9 | ae | @D | 4 | a3 | 4 | 4 | a8

0

f

=
c

Upper
View

(u)

)

{w)

™

SaaaeaaeaEe
&EaSEaa=e
= [= I{= = &Y
= ===k

Clamped-Clamped (C-C) and Clamped-Free (C-F)

Colecao Desafios das Engenharias: Engenharia de Computacgéo 2 Capitulo 29 m



c.c Clamped-Pinned (C-F)
imn) a3 | a4

View .

16 | @7

Clamped-Pinned (C-P)

Figure 4: Modes shapes of the structure in the axial (u), circumferential (v), radial (w) direction and the
coupled fluid pressure modes (P) for the different boundary conditions.

The presence of the fluid reduced the natural frequencies, showing that the mode
of additional mass in which the structure predominates over the fluid is predominant during
vibration. From the numerical modeling validated in the analysis in free vibrations, the
harmonic point load was imposed on the cylindrical shell, P(z,¢,f) = 100 sen (at), in the
radial direction, at the center of the cylindrical shell (z=L/2) and for its angle $=0°. The
excitation frequency (@) of the load was varied from 0 to 2500 rad/s and the damping ratio
adopted was equal to two percent (§ = 2%). Thus, it was possible to obtain the displacement
amplitude curves as a function of this applied excitation frequency.
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Based on the frequency spectra shown, it can be concluded that the peaks of the
curves with the displacement amplitudes occur at applied frequencies approximately equal
to the first natural frequencies at which the shell is excited. This is observed for all boundary
conditions, where the difference between the applied and the natural frequency did not
exceed 3%. As can be analyzed, the largest amplitudes were identified both in the radial (w)
direction of the shell and in the circumferential direction, showing that for forced vibrations
the circumferential displacement becomes important in the analysis.

51 CONCLUSIONS

In this work the free vibrations were studied for cylindrical reservoir empty and filled
with an inviscid and incompressible liquid. With the numerical modeling, it was possible to
analyze the effect of the fluid-structure coupling through the identification of the dominant
modes of the system. This fact was fundamental to observe that even having influence
in the dynamic behavior, the different boundary conditions produce typical characteristic
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modes of the structure.

In general, both for the uncoupled and coupled fluid-structure problem it can be
concluded that the boundary conditions with one or both free edges cause the lower
frequencies, i.e. it is clear that a reduction of system rigidity occurs and consequently a
decrease in natural frequencies. By imposing the harmonic point load on the uncoupled
and coupled cylindrical shell, it was possible to show the way of obtaining the operational

modes, since the analytical treatment in these situations is more complex.
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