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(i=123j=1n) (3)
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Computational Mechanics
Solidity Assessment of Absolutely Flexible Pipelines in
The Flow of Air or Fluid
Zurab Arkania
Nodar Mardaleishvili

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

An algorithm has been developed for sizing the absolutely flexible pipelines (bars) loaded with
the concentrated forces and located in the air or liquid flow. The stated algorithm allows us to
determine the shape of the pipeline (bar), the axial force in the pipeline both without the internal
flow and taking into account the internal flow of fluid moving in the pipeline, as well as to assess

the pipeline strength, taking into account the normal stresses caused by the pipe bend.
Keywords: Pipeline, acrodynamic forces, permissible stress.

When sizing pipelines whose length is significantly greater than the cross-
sectional diameter, the bending and torsional stiffness factors can be neglected
and the model of an absolutely flexible pipeline can be used, since with this
assumption the error is less than 5-7%. Absolutely flexible pipelines are widely
used in various fields of technology. In applied mechanics, they are considered
among the power transmission cables, hoses for pumping liquids, hoses and
pipelines for lifting minerals from the seabed, pipelines used to clean the
entrance channels at seaports, belt-type radiators, space rope systems. etc. In
these cases, pipelines are simultaneously affected by the concentrated forces and
the distributed aerodynamic forces, and one can therefore expect a significant
increase in the maximum stress in the pipelines, which can cause their destruction.
In this regard, publications on the methods for sizing such pipelines are of high
importance and relevance.

The field of mechanics of absolutely flexible bars (pipelines) was intensively
studied by Prof. V.A. Svetlitskiy and his disciples (Svetlitskiy 2001, Svetlitskiy
1982, Arkania 2008, Arkania 2019). They investigated numerous problems of
statics and dynamics of absolutely flexible bars (pipelines). In this paper, we
propose an algorithm for assessing the strength of absolutely flexible pipelines,
loaded with the concentrated forces and located in the air or fluid flow.
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Fig. 1. The pipeline design scheme.

Figure 1 shows the design scheme of a pipeline which is
intended for lifting the ground from the seabed, when pipelines
with floats are loaded with the concentrated Archimedes forces Pi,
P2....Pn, acting on the floats of finite dimensions. The fluid flow
acting on the floats causes the concentrated forces Fy,F,...F,. By
replacing in Figure 1 the forces P; and F; by their by their

resultants, we shall obtain a pipeline loaded with the known

—(1) =(2) =M .
concentrated forces P ,P ~ .. P . The moduli of forces

F1,F, ...F, are determined experimentally for each specific form of
concentrated masses. For spherical bodies, the direction of the
vectors F] coincides with the direction of the flow velocity vector
V,. For other forms of concentrated masses, different from
spherical ones, the direction of the forces FJ can be determined
experimentally depending on the angle o. To find the forms of
equilibrium of the pipeline and the axial force in the pipeline under
the action of an external fluid flow and concentrated forces
(without taking into account the internal flow), the equilibrium
equations of the pipeline are used at the sections between the
points of application of the concentrated forces, which in
dimensionless form are represented in the following way

(Svetlitskiy 2001):

d dx; j .

L) +qd —6u=0 (=123), 1)
where
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g§1<e<g(=12.n+1)
These equations can be written as follows

dQxi .

ds’” + Qax; — 62 =0 i =1,23)
axi _ Qi
de Q1

where Q,;(i = 1,2,3) - the projections of the axial force 61 on the

, (2)
g1<e<g (=12,.n+1)

coordinate axes, caused only by the external forces, while the
equilibrium equations of the flats in the projections on the
Cartesian axes are represented as follows:
—Q,(C{)(ai) + Q,(C{H) + F;(8y;cosa + &3;sina) + 65;P; = 0 3)
(i=123j=1n),
where Q; = Q,(¢) —axial force in the pipeline, , QW (¢) and
QU+D (¢j) — axial forces in the pipeline at the end of the j-th and at
the beginning (j + 1)-th sections of pipeline, respectively; P; (j =
1,_n) - the values of the concentrated forces; - dimensionless arc
coordinate; & k = 1,n — arc coordinates of the points of
application of concentrated forces; &;; ,i,j = 1,2,3 — Kronecker
sign; qgj ) aerodynamic (hydrodynamic) distributed load; x; —
Cartesian coordinates of the point of the center line of pipeline.
The values of the hydrodynamic forces F; for the spherical floats
in dimensionless form are represented in this form (Svetlitskiy
2001):
copVEDE
B = gt (4)
where C — hydrodynamic coefficient; D) — float diameter; gog — air
or liquid density; V, - external flow velocity; m; — mass of the unit
of length of pipeline; ¢ - pipeline length.
The projections of the hydrodynamic distributed forces, when
the flow velocity vector V, is parallel to the plane ox;x; can be
written as follows (Svetlitskiy 2001):

_ , . dxq
Qax, = qnoSiNgpeCosa + COS(pq(Qlocosrpa - QnOSln(pa) e’

dax, = COS(pd(QlOCOSwa - zanSinq)a)%: ®)
. . i dX3
Qax; = QnoSiMypaSina + COS(pa(QlOCOS(pa - anSLn(pa)E
2
coSQp, = %cosa’ + %Sinaf , Qno = %, Gi0 =
CnppdV§sing(cosgq)
2m.g ”

where c;and c,, — hydrodynamic coefficients; d- pipeline diameter;
G10, 9ro - the projections of full distributed hydromechanics force
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q, on the tangential direction and the plane of the perpendicular
axial line of pipeline, respectively. Solving the equations must
satisfy boundary conditions

X1 =X =x3 =0, ecnmu e = 0;

X1 = Xqp; Xg = Xap; X3 =0, when € = 1. (6)

The equilibrium equations of the floats (3) and conditions of

connectivity of the pipeline sections:
xi(j)(ej) = xi(j“)(ej) i=123; j=1n (7)
The problem is solved via the finite difference method (Svetlitskiy
2001). An example was the numerical solution of the equilibrium
equations of pipeline with the concentrated forces (n = 9) with the

following dimensional values of the parameters: [ = 200 m.
12,9xr

X1,=120m, Xy, = 120M, M4 = — d =0.27m,q910 = Qno =
270H/m, pp = 1000 kg/m, D), = 1,94m, P; = 5,96kH, s; = 20m -
the length of the sections between the floats. The equations were
solved numerically with an accuracy of A= 1073,

0,6

vo=0m/c

0,3

3|

4

vo=1,5M/c

Fig. 2. The shape of the pipeline centerline. = Fig.3. The graphs of Q.

Figure 2 shows the shape of the pipeline centerline depending
on the modulus and direction of the flow velocity vector V,. (In
particular, there are shown the projections of the pipeline
centerline on the coordinate planes Ox;x3 and Ox;x, for the case
of water flow velocity V, = 0; 0,75; 1,5 when a = 45". When
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Vo =0, To F; =0; qé = 0 and the centerline of the bar is in the
vertical plane O, ,, and the projections of the centerline of the bar
are as shown in Figure2. Figure 3 shows the graphs of Q when a =
45’ for the cases of V, = 0 (curve 1); 0.75 (curve 2); 1.5 (curve 3).

The described method for solving the nonlinear equations of
equilibrium of an absolutely flexible pipeline loaded with the
concentrated forces and distributed hydrodynamic forces allows us
to determine both the shape of the centerline of the pipeline and
the axial force for an arbitrary direction of the velocity vector of
the external fluid flow.

After determining x; = (i = 1,2,3) and Q,, it is possible to
determine the axial force in the pipeline, taking into account the
internal fluid flow:

Qi (e) = Qu() + Py + mw? = nyxz(e) — e, ®

where

m; 2 AoyPs 64V
=W 4 =———; A = —
n 1 1 8(my+my) wd

n, = ;
1 my+my,’

A — hydraulic resistance coefficient; m,- mass of the internal fluid
flow per unit length of the pipeline; v - kinematic coefficient of
fluid viscosity; g, - fluid density; d — bore diameter; S - wetted
perimeter of the internal surface; a; - hydraulic resistance
coefficient; € — pipeline length; w - internal fluid flow velocity.

Since the axial force in the pipeline has been found, it is possible
to determine the pipeline strength, but it should be taken into
account that the bending stiffness of the pipeline, which has little
effect on its shape and on the axial force, significantly affects the
stress in the pipeline.

The normal stresses from axial force in an arbitrary cross-section
of the pipeline is determined by the formula
oY

o(e) = 7 (my + my)g¢ 9)
Normal stresses caused by pipe bending are equal to

_Elp — d35/8- — 428
Ous = 3 () (Ip = d35/8; w,, = nd 4), (10)

where EI, — pipeline bending stiffness; w),, — section modulus of
pipeline under bending; 6§ - wall thickness; E — elasticity modulus;
I,-second area moment; (&) - pipeline centerline curvature,
which is determined by the formula

®(e) = \/(xi’(f)(g)>2 N (x;r(j)(£)>2 N (x;l(j)(g))z’ an
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where ¢g_1<e<g G=12..,n+1)
The total normal stress in an arbitrary section of the pipeline,
taking into account the bending stiffness, is equal to

on(e) = +my)lg + 88(8) (12)

It is possible to determine the cross-section of the pipeline € =
&, where g, (¢) - reaches the maximum value

maxao, (g) = o,(g,) = Q1 (5*

(my + my)lg + o,;(es) (13)
For the proper functlomng of pipeline, the maximum stress must
satisfy the condition

maxo, < [o]y (14)
where [o]; - permissible stress, which is established from the
operating experience of similar systems.
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