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ABSTRACT 

This paper is a numerical study of the static divergence 
patterns that could be observed upon a cluster of flexible 
cylinders in axial water flow. Previous experimental work 
has shown that beyond a critical flow velocity, characteristic 
deformation patterns can indeed be observed for square 
cylinder arrays in axial flow. This paper attempts to rewrite 
the physical problem in mathematical terms in which the 
fluid and cylinder coupling forces are modeled using 
influence coefficients. These coefficients are calculated and 
compared using two methods: simple potential flow and 
CFD including more complex turbulence modeling. The full 
static divergence problem is then numerically solved for an 
example system of a 10x10 cylinder arrays. Finally, the 
results for the divergence modes are visually presented and 
the intervening physical couplings are commented. 

 
NOMENCLATURE 

F i,j
x  : horizontal (along x) fluid force acting on a cylinder 

displaced along the same (x) direction. [N] 
F i,j+1

x : horizontal force acting on a horizontally adjacent 
cylinder (same row, incremented column) to a central 
cylinder displaced along the horizontal direction. [N] 
F i+1,j

x : horizontal force acting on a vertically adjacent 
(same column, incremented row) cylinder to a central 
cylinder displaced along the horizontal direction. [N] 
F i+1,j+1

x : horizontal force acting on a diagonally adjacent 
cylinder to a central cylinder displaced along the 
horizontal direction. [N] 
F i+1,j+1

y : vertical (y) force acting on a diagonally adjacent 
cylinder to a central cylinder displaced along the 
horizontal direction. [N] 
Cself  :  self force-to-displacement influence coefficient. 
[dimensionless] 
C//,�A,diag : inter cylinder force-to-displacement influence 
coefficients. [dimensionless] 
�U������fluid density [kg.m-3] 
U : fluid velocity [m.s-1] 
D : cylinder diameter [m] 
Xij : deformation amplitude of cylinder (i,j) 

 

INTRODUCTION 
�6�O�H�Q�G�H�U���V�W�U�X�F�W�X�U�H�V���V�X�E�P�L�W�W�H�G���W�R���D�[�L�D�O���I�O�R�Z�V���D�U�H���N�Q�R�Z�Q���W�R��

�X�Q�G�H�U�J�R���I�O�X�W�W�H�U���O�L�N�H���L�Q�V�W�D�E�L�O�L�W�L�H�V���Z�K�H�Q���W�K�H���Y�H�O�R�F�L�W�\���U�H�D�F�K�H�V���D��
�V�X�I�I�L�F�L�H�Q�W���Y�D�O�X�H�����,�Q���W�K�H���F�D�V�H���R�I���V�W�U�X�F�W�X�U�H�V���I�L�[�H�G���R�U���F�O�D�P�S�H�G���D�W��
�E�R�W�K�� �H�Q�G�V���� �D�� �V�W�D�W�L�F�� �L�Q�V�W�D�E�L�O�L�W�\�� �N�Q�R�Z�Q�� �D�V�� �G�L�Y�H�U�J�H�Q�F�H�� �R�F�F�X�U�V��
�I�L�U�V�W���� �J�H�Q�H�U�D�W�L�Q�J�� �O�D�U�J�H�� �G�H�I�R�U�P�D�W�L�R�Q�V�� �D�Q�G�� �E�U�H�D�N�L�Q�J�� �W�K�H�� �D�[�L�D�O��
�V�\�P�P�H�W�U�\�� �R�I�� �W�K�H�� �D�U�U�D�\���� �3�D�w�G�R�X�V�V�L�V�� �D�Q�G�� �F�R���D�X�W�K�R�U�V�� �K�D�Y�H��
�R�E�V�H�U�Y�H�G�� �D�Q�G�� �V�W�X�G�L�H�G�� �W�K�L�V�� �S�K�H�Q�R�P�H�Q�R�Q�� �L�Q�� �W�K�H�� �����V�� �Z�L�W�K��
�D�U�U�D�Q�J�H�P�H�Q�W�V���R�I���W�K�U�H�H���D�Q�G���I�R�X�U���V�L�O�L�F�R�Q���F�\�O�L�Q�G�H�U�V���L�Q���D�� �Z�D�W�H�U��
�W�X�Q�Q�H�O�� �>���@�����7�K�H�� �S�U�H�V�H�Q�W�� �Q�X�P�H�U�L�F�D�O�� �V�W�X�G�\�� �D�L�P�V�� �D�W�� �S�U�H�G�L�F�W�L�Q�J��
�W�K�H�� �J�O�R�E�D�O�� �S�D�W�W�H�U�Q�� �W�K�D�W�� �Z�R�X�O�G�� �E�H�� �R�E�W�D�L�Q�H�G�� �L�Q�� �D�� �V�L�P�L�O�D�U��
�H�[�S�H�U�L�P�H�Q�W�� �Z�L�W�K�� �D�� �K�L�J�K�H�U�� �Q�X�P�E�H�U�� �R�I�� �F�\�O�L�Q�G�H�U�V���� �V�R�� �W�K�D�W��
�E�R�X�Q�G�D�U�\�� �H�I�I�H�F�W�V�� �Z�R�X�O�G�� �Q�R�W�� �G�R�P�L�Q�D�W�H�� �W�K�H�� �L�Q�V�W�D�E�L�O�L�W�\���� �$��
�V�T�X�D�U�H�� �D�U�U�D�\�� �R�I�� ������ �E�\�� ������ �V�W�U�D�L�J�K�W�� �F�\�O�L�Q�G�H�U�V�� �L�V�� �F�R�Q�V�L�G�H�U�H�G����
�Z�L�W�K���G�L�D�P�H�W�H�U�V���R�I���W�K�H���R�U�G�H�U���R�I�������F�P�����D���S�L�W�F�K���W�R���G�L�D�P�H�W�H�U���U�D�W�L�R��
�H�T�X�D�O�� �W�R�� ���������� �D�� �U�H�G�X�F�H�G�� �O�H�Q�J�W�K�� �/���'�� �H�T�X�D�O�� �W�R�� �������� �D�Q�G�� �D�Q��
�L�Q�F�L�S�L�H�Q�W���I�O�X�L�G���Y�H�O�R�F�L�W�\���H�T�X�D�O���W�R�������P���V�����V�R���W�K�D�W���W�K�H���5�H�\�Q�R�O�G�V��
�Q�X�P�E�H�U���Z�R�X�O�G���E�H���R�I���W�K�H���R�U�G�H�U���R�I���������������I�R�U���Z�D�W�H�U���L�Q���D�P�E�L�H�Q�W��
�F�R�Q�G�L�W�L�R�Q�V�������� 

 
MODELING FRAMEWORK 

�7�K�H�� �D�U�U�D�\�� �E�H�K�D�Y�L�R�U�� �L�V�� �P�R�G�H�O�H�G�� �Z�L�W�K�� �W�K�H�� �K�H�O�S�� �R�I��
�V�L�P�S�O�L�I�\�L�Q�J�� �D�V�V�X�P�S�W�L�R�Q�V���� �I�L�U�V�W���� �W�K�H�� �F�\�O�L�Q�G�H�U�V�� �G�H�I�R�U�P�D�W�L�R�Q�V��
�D�U�H���U�H�G�X�F�H�G���W�R���V�L�Q�H���O�L�N�H���I�L�U�V�W���P�R�G�H���V�K�D�S�H�V���R�Q�O�\�����D�Q�G���V�H�F�R�Q�G����
�I�O�X�L�G���V�W�U�X�F�W�X�U�H�� �L�Q�W�H�U�D�F�W�L�R�Q�V�� �D�U�H�� �G�H�V�F�U�L�E�H�G�� �Z�L�W�K�� �W�K�H�� �K�H�O�S�� �R�I��
�L�Q�I�O�X�H�Q�F�H�� �F�R�H�I�I�L�F�L�H�Q�W�V�� �L�Q�� �W�K�H�� �P�D�Q�Q�H�U�� �R�I�� �7�D�Q�D�N�D�� �>���@�� �E�\��
�D�V�V�X�P�L�Q�J���W�K�D�W���D���V�P�D�O�O���G�L�V�S�O�D�F�H�P�H�Q�W���R�I���D���F�\�O�L�Q�G�H�U���J�H�Q�H�U�D�W�H�V��
�I�R�U�F�H�V���R�Q���W�K�H���H�L�J�K�W���V�X�U�U�R�X�Q�G�L�Q�J���F�\�O�L�Q�G�H�U�V���R�Q�O�\�����'�H�Q�R�W�L�Q�J���;�L�M��
�W�K�H�� �G�L�V�S�O�D�F�H�P�H�Q�W�� �D�P�S�O�L�W�X�G�H�� �R�I�� �W�K�H�� �L���W�K�� �U�R�Z�� ���� �M���W�K�� �F�R�O�X�P�Q��
�F�\�O�L�Q�G�H�U���L�Q���W�K�H���[���G�L�U�H�F�W�L�R�Q�����W�K�H���P�R�G�D�O���I�R�U�F�H�V���J�H�Q�H�U�D�W�H�G���E�\���W�K�L�V��
�G�L�V�S�O�D�F�H�P�H�Q�W���D�U�H���Z�L�W�K���V�H�O�I���H�Y�L�G�H�Q�W���Q�R�W�D�W�L�R�Q�V�� 

 
 Fij

x = Cself �UU2 D Xij 
 Fij+1

x = C// �UU2 D Xij 
 Fi+1j

x = C�A �UU2 D Xij 
 Fi+1 j+1

x = Cdiag_1 �UU2 D Xij 
 Fi+1 j+1

y = Cdiag_2 �UU2 D Xij 
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