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256DMI0Ergd™m FMOHTom, Fow@ol Loddmeml JoMgdIE ABEHMEGdYdTo
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d i) dx; j i
;( f’)g) + qc(éc)i —6;;=0 (=123), 1)

LOS3
g1<e<g(=12..,n+1).
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Computational Mechanics

An Algorithm for Calculating Absolutely Flexible Pipelines Interacting with
Internal and External Fluid Flows

Zurab Arkania
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Nodar Mardaleishvili

nodar.mardaleishvili@atsu.edu.ge
Akaki Tsereteli State University
Kutaisi, Georgia

The paper considers the pipelines interacting with fluid flows, the main purpose of
which is to remove soil from the seabed and oceans. An algorithm was developed for
calculating absolutely flexible pipelines loaded with concentrated and distributed forces

in the fluid flow, assuming that the internal flow velocity of the pipeline ™ is a function

% js an arc coordinate of the axial line, and t

W =W(st) of two arguments, where
- time. The presented algorithm allows to determine the pipeline shapes and the axial
forces driven in the pipeline, and then to evaluate the the pipeline strength so that the
normal stresses induced by the axial forces and the bending of the pipeline are taken into

account.

Keywords: pipeline; hydrodynamic force; axial force; stress; friction force; strength

assessment; motion equation.

When sizing the pipes, hoses and flexible bars, the length of which is much
greater than the diameter of the cross-section, the flexural and torsional stiffnesses
can be neglected, and the model of absolutely flexible piping can be used, since
with that assumption, error does not exceed 5-7% (1982, 7%). The absolutely
flexible pipes, hoses, flexible bars are widely used in various fields of technology.
In the applied mechanic, these are generally the power transmission lines, fluid
pumping hoses, hoses and pipelines for pumping out minerals from the sea, as
well as the pipelines, which are used to clean-up the inlet channels in seaports,
flexible bars in the radiators and space cabling systems, etc. In these cases, the
combined forces and distributed hydrodynamic (aerodynamic) forces act on the
pipelines (bars) simultaneously, so significant increase in the the maximum stress
in the pipeline is expected, which could lead to pipeline breakage, which in turn
is often associated with large economic and environmental loss and damage.

128



03040 BIMANNINL LULITRIBNBM IJBN3IGLOSISOL AOIBI, 2022, Nel(19)

Professor V.A. Svetlitsky and his students have been actively worked in the
field of mechanics of absolutely flexible bars (pipelines) (Svetlitskiy 1972,
Svetlitskiy 2001, Svetlitskiy 1982, Saginadze 1983, Badzgaradze 1984,
Sulaberidze, Arkania 2008, Arkania 2019). They have studied many problems
with the statics and dynamics of absolutely flexible bars (hoses). In spite of that,
many problems related to mechanics of pipelines (hoses) have yet to be
thoroughly studied, such as problems related to clearing and deepening of
entrance channels of the ports. Successful completion of these tasks, for
example, will save the Poti Port hundreds of thousands of dollars each year by
removing soil from the seabed (Svetlitskiy 2001).

The present paper proposes an algorithm for calculating absolutely flexible
pipelines when removing soil from the seabed, and gives an example where two
compressive forces (or two boreholes) are applied to a pipeline and the pipeline
has three sections.

Figure 1 illustrates the pipeline sizing scheme, the purpose of which is to
remove the soil from the seabed (Svetlitskiy 2001).

When the pipeline having the floats is loaded by the Archimedes's
concentrated P;, P, ... P, forces, the fluid flow acting on the floats generates the
P;,P, ... B, concentrated forces. Let us replace the forces P; and F; in Figure 1
by their equivalence, and we shall obtain a pipeline that is loaded with the
known concentrated P, P(® | P, we mean that generally there are n

floats on the pipeline.
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Fig. 1. Pattern of pipeline calculation.

When sizing the pipeline, we use the equation of internal flow motion, and
the equilibrium equation of the pipeline sections (the interval between the next
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two points of force application), which have the following dimensionless form
(s=e-4Q=0Q0m +my)gt, P=P(mi+my)gt q=qm;+my)g,

w = w,/gf,x = Xf, where ¢ - is the dimensionless arc coordinate, T - the
dimensionless time, § — is the dimensionless axial force, § - the dimensionless
hydrodynamic distributed load, P -fluid pressure force in a dimensionless form,

W — internal flow velocity in a dimensionless form,):

d i) dx; i )
L(@VE) 4 4P -6=0 ((=123), )

where
g1 <e<g(=12,..,n+1).

These equations can be written down in the form as follows:

do? :
st ax, — 620 =0 1=123), o
axi _ Qxi .
Tl g1<e<g (=12,..,n+1),

where Q,;(i =1,2,3) - the 61 axial force projections at the axes caused only by
the external forces, while the float equilibrium equations, written down in the
axial force projections of the cartesian axes in a dimension-less form appear as
follows:
—Q,(C{) () + Q,(c{+1)(£i) + F;j(81;c0sa + 83;5ina) + 8,,PU) = 0
(i=123j=1n) 3)

Q1 = Q4 (¢) — axial force in a pipeline, QU (¢) and QU+D (&) — the axial forces
at the end of the j -th section and at the beginning of (j + 1)-th section of the
plipeline, respectively —; PU) U= 1,_11) - the values of the appropriate
concentrated forces; & (k = 1,n) the arc coordinates of the points of
concentrated force application; §; i Lj=123 - Kronecker symbols; q,gj ).
hydrodynamic distribute loads; x;(i = 1,2,3) — Cartesian coordinates of the
pipeline’s axial line points.

To obtain the equation of motion of the ground and water internal flow in a
pipeline, it is assumed that the flow velocity in the pipeline W depends on two
parameters W = w(s, t), where S is the arc coordinate, t - time. Dimensionless
value W = W(¢, 7). The projection of the internal flow equation of the pipeline

will lie on the tangent line of motion of the trajectory (in a dimensionless

form):
ow £l '
ng—=———"nix, — 4
157 e 1X2 — 4)
where
ms, 2 A oyfs 64v
ny = ; =aqw% a4y =——m—; A=—
17 o +my’ K 1 ML T gtmy+my)’ wd



0d0d) BIHANTNL  LOLLIBENBM IJEN3IGLOSISOL 3(033J, 2022, Nel(19)

u — friction force between the particles of the ground element and the wall of
the pipeline, m;- the mass of the unit length of the pipeline, m,- the mass of
the internal flow per unit length of the pipeline; v - internal flow viscosity, 0,
- internal flow density; d - internal diameter; S — internal surface perimeter; £ -
length of the pipeline; x, - coordinate of the current point of the pipeline’s axial
line (Crash Course on Engineering Fluid Dynamics, Yablonskiy V.S. 1961, M .:
NAUKA publishers, 355 p.) (Fluid Mechanics, Loitsyanskiy L.G. 1978, M .
NAUKA publishers, 736 p.). An algorithm for calculation of a pipeline has been
developed in the paper for the case of loading this pipeline with two
concentrated forces. The pipe shapes and axial forces have been found in the
pipeline

For different values of the internal flow’s friction force (u=0,2; 04; 0,6), the
extreme values of the axial force have been calculated when € = 0,6 = 0,3,& =
0,5, = 1. Table 1 of extreme values have been compiled, which allows to
determine the effect of the internal flow’s friction force on the extreme values

of axial forces in the pipeline and then to evaluate the strength of the pipeline.
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