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Abstract. The article deals with dynamics of a heterogeneous systeramf
cylindrical surfaces with different physical and mechahiqualities, which
are impacted by shock load. An effective method was sugdedsteopti-
mization process of elimination sediment from pipe as tiseltef theoretical
studies. This method allows transforming a heterogeneyaters of pipe into
a homogeneous system, which preserves its functional pargdhock impact
is applied for transformation, which is optimized accoglio the suggested
qualitative criteria of the transformation process andaemy sediment from

pipe.
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1 Introduction

While operating pipeline systems we often run into a situation when there is a
layer of transported substance (sediment) formed on the internal swfabe

pipe. Such system can be conditionally called “a pipe in a pipe” (see Fig. 1).
An external pipe is made from steel and the internal one — from the sediment.
Thus a heterogeneous system of two cylindrical surfaces with diffetgysical

and mechanical qualities is formed. Sediment hinders technological pescet
transportation, thus various ways of its elimination are applied [1]. Unfataiy

very often traditional ways are ineffective, especially when such adggeeous
system is formed in pipeline systems for oil processing. Shock loadings wer
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suggested for the renovation of the pipeline system [2]. We have foway af
calculating the real displacements of solidified sediment in the pipe after &® exp
sion of a single charge at a specific place in the pipe [3]. However, itsesfy
depends on many factors and it is necessary to study the influenceiadfis/ar
impact parameters and to evaluate local reactions of the heterogenstars sy
optimize the sediment elimination process in accordance with the quality criteria
and quantitative parameters of impact that assure durability and functioaflity
the pipeline systems.

2 Problem formulation

The basic stage of optimization research is the formation and description of the
real system of the model as it becomes possible to evaluate the chancealithe
tion and its realization practically. In our case, it is the process of the optinmzatio
of the elimination, the assurance of the effectiveness, of the solid sediient
affected by the impact load when the effect is minimal, i.e., while taking into
account the criteria of the stability of offsets, impact load and the constructio
of the pipe. The structure of the problem of the optimization is reflected in the
diagram (see Fig. 2).

EEAL imitation and
SYSTEM optimization of the |
dynamic processes
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Fig. 1. Fragment of a pipe Fig. 2. The diagram of optimization.

with sediment.

As we can see, the direct way (dotted line) leading to the optimal process
of the realization of the elimination of sediment is exchanged into the circuitous,
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which leads to the optimal pulverization process of the solid sediment in the real
system through the formation of the model, the imitation and optimization of the
dynamic processes in it. It is obvious that such attitude towards the optimization
of the system needs some concrete easiness of the real system.

3 Problem formulation

For example (Fig. 1) we will form a transformed model (see Fig. 3) of the re
flected real system and analyse its possibilities of optimization. There fore we
have to formulate the optimization problem with multi-criteria where the function
of the aim depends on the parameters of the optimization — the size of the impact
effect, duration and its position in the pipe, the displacements of the sediment,
which occurred because of the effect of the impact load and its influemctlee
increase of the pressure for the construction of the pipe. On the othdr e
should introduce the limitation of the optimization problem, i.e. the conditions
describing the warrantable meanings of these parameters.

3.1 Model of the sediment

In order to reach this, we split the harden sediment in the pipe into the segments
conditionally (see Fig. 4).Let us assume that the length of the side of the segme
is equal tob and the angler. That means we will get some finite amount of
segments and will be able to humber them according to their position in the
cylindrical system ofr, 6, z coordinates. The numeration of segments allowing
to identify them in the cavity of the pipe is expedient to be done while taking into
account the specific process of the elimination of the sediment, indexing segme
in the vertical slashes and after that indexing those slashes alongattie. The
position of segment in the system of cylindrical coordinates can be esquiés
the following way:z; = r; cos 0}, y; = r;sinb;, 2z, = 2.

According to Fig. 3 an Fig. 4, the amount(*) of segments in the cross-
sectionzy, is usually expressed mathematically in such a way:

N® — 1. (1)

wherel = foft -y 180,
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Fig. 3. Displacement countingFig. 4. The diagram of the segment of the sediment.
diagram.

The sumN is the finite amount of the segments and in the whole volume it
will be

L
N=K-N® =71.J.K, K= (2)
In equations (1) and (2)andy must be such, that, J and K were be posi-
tive integers. Then in the cross-sectignthe coordinates of the j segment will

ber;, 0;,2, (see Fig.5)and = 1,2,...,1, j=1,2,...,J, k=1,2,... K.

Ay In=71:80 %
Aioah=rr 805

[Az;j']kz F 8 g

Fig. 5. The diagram of the segments in the cross-seetion
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For theoretical investigations everyj segment in cross-sectiap will be defined
as segment n from cross-section

3.2 Optimization the theoretical displacements of segmest

Let us suppose that displacements (see Fig. 3) towardsdirection are
u = rcos @, towardsOy direction —v = rsin 6, towardsOz direction —w in
cylindrical system of axis and that separation function are:

u=Uq, v=Vq, w=Wg, 3)

whereU = U(r,0,z), V = V(r,0,z), W = W(r,60,z), ¢ = q(t). Functions
U,V andWW are selected according to the boundary conditions, i.e. they should
fit for a body presented in Fig. 3.

While knowing the physical-mechanical parameters of the material and the
value of impact load we will be able to use the procedure of calculation of the
theoretical displacements [3] and conventionally call them test displaceinents
order to evaluate the calculation test displacement ofiteegment in the cross-
sectionk:

ul) = Uni g} (4)
o = Vo a), (5)
w) = Wk d), (6)

where accordingly:, k& are the indexes of the identification of thesegment and
the cross-section.

Let us form the test matrixes of the displacements for each cross-section,
which we can mark as follows:

L, [P e, (WP (7)

While summing up the derived matrixes vectorially we can form the test
summed matri>s§f) for each cross-section:

1589k = [ (@89 + 15O ]k + [F0 ]k]. (8)
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We can rewrite the derived form (8) while writing test summed displacements

in the cross-sectioh into one matrix:
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t
57

51y

k

(9)

Let us say that we know the critical summed ségé of the test displacement
in the cross-section,, (sg) = ¢ if the physical-mechanical parameters of the
sediment along the pipe are constant) the existence of which the breakimg of
solid sediment is possible. After using this criterion we can write the negessar
condition for the elimination of the sediment:

Ls(t)Jk > e,(;). (10)

ij
That means, when we use the condition presented in the form (10), i.e. while
checking its validity for the matrix (9) we can localize these segments in which it
will not be done and state that the displacement of these segments is unsatjsfa
for the breaking of the sediment and here the impact load needs to besedrea
Hence, we define the most solid areas of the material for each crdgsmsem
which

Lsggjk < Eg), (11)

where le(fgjk is the matrix of summed test displacements in thgross-section
which does not satisfy the condition (11) and these segments can be caoaitijtio
called defective. After performing this action we can consider, that atitified
defective segments well known for us in the whole volume of the solid sediment
which the test displacements are not sufficient or are minimal and we can aptimiz
impact load and perform the calculation procedure of real displacenggnts [

3.3 Optimization the real displacements of segments

For this purpose we imitate the impact load in theross-section of the defec-
tive segment;,,, and calculate the real displacements by [3] in the whole cross-
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section:
Un,k = Un,k dn.k>s (12)
Un,k = Vn,k qn.k (13)
Wn,k = Wn,k dn,k- (14)

Analogically, as in the case of test displacements, we form the matrixes of
real summed displacements for each cross-section:

559k = [k + [31k + [@7], (15)
_811 cee S150 .. 81J_

[Sn}k = |(S1 --- Si5 ... SiJ . (16)
_811 cee SIG .. SIJ-k

We compare the derived meanings to the criterion of the elimination of the sedi-
ment:

|s5ij)k > €k (17)

If the condition presented in the equation (17) does not correspondk to a
segments of the real displacement matrix then after adjusting the parameters of
the impact load it is necessary to calculate according the equations (@Rl
the condition (17) will be realized.

Let us say that we have got the matrix of solid sediment, where the real dis-
placements of all segments satisfy the condition of the elimination of the sediment,
i.e. we optimize the dynamic processes from the point of impact load and dis-
placements. However, the pipe also belongs to a heterogeneous systgsnit Th
is necessary to evaluate its endurance and functionality according tediadent
displacements and to perform a process of heterogeneous systesfgriraation
into the homogeneous one. That is means that after initiating the impact load
in the defined segments it is possible to get the eliminate sediment with minimal
expenditure of energy. However, it is necessary to check the inftugfribe effect
on the stability of the pipe construction.
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3.4 Optimization the influence of solidified sediment displeements
on the pipe structure

Referring to the earlier presented theoretical investigations, it's possilpeto
duce a method of calculating displacements of a solidified sediments under the
action of impact load. However, the dynamic system that is being considered
includes a pipe of a cylindrical form. The influence of the dynamic preasesa

the structure of the pipe are therefore the assesses and conditioes hidh

the strength of the pipe structure is ensured) to be determined. Contggitien
important to known how the pressure of the sediments on the walls of the pipe will
increase when affected by the impact load. When formulating the assigrtheent,
pipe was considered to be absolutely solid and in equilibrium. We can thus affir
that under the action of the impact load the displacements of the pipe walls are
equal to zero. This is approximately true, assuming that the pressurasedse
small. The pressure of external surface forgesnd the reaction of elastic forces
are defined by the following equalities in the cylindrical coordinates:

Prn = AB cos(nr)

O] () s (25 ) sty (2 o]

+G (%) cos(nr)+ (%—%) cos(nf) + (‘Z—f) Cos(nz)} : (18)
Dom =3 cos(nf)

+G :(%%) cos(nr)+ <%+%> cos(nf)+ <%) Cos(nz)}

[ [ Ou v u ow w
+G _<@) cos(nr)+ <@+;> cos(nf)+ <@?> cos(nz)] , (19)

Dan=AB cos(nz)

+G (%‘:) cos(nr)+ (%‘é—%) cos(nf) -+ (g—f) Cos(nz)]

+G (%) cos(nr)+ (%) cos(nb)+ (g—f) cos(nz)} , (20)

wheren — the normal to the pipe wallf = %% + 54 4+ 4 4 Ju ) — 245

Shearing modulus; of the sediment and Poisson’s coefficigntlepend on
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the wave propagation rate in the sediment and can be approximately calculated
[4].

In our case (see Fig. Bps(rn) = 1, cos(In) = 0, cos(zn) = 0.

Then equations (18)—(20) can be rewritten

or
ov v ou
=6+ ) (22)
ow Ou

Then the total pressure

pr = \/ Pin + Dpy, + P (24)

Substituting into equations (21)—(23) the values (4)—(6) of test displatsme
calculated by [3], the pressure on the pipe construction due to test disptatc
under the action of test impact load at any point of the pipe cavity can be-calc
lated. Besides, substituting into the same expressions the values (12)H@4d)
displacements calculated by [3], we can assess the influence of the pigtestr
This can be given by the following mathematical equations

P = ¢y, (25)
Pr = qinr, (26)

wheren, = f.(G, u, U, V, W) (see [3]) and indext) shows that the operation of
the test displacement calculation is being used.

Eventually, making use of expressions (25) and (26), test and res$ymes
can be calculated and constrains on pipe structure steadiness can thedetro

(t) _ U(t)

Py’ = 04 Gltow>

Pr = Or allow; (28)

(27)

whereafflllow, or allow — t€st and real allowable stress of pipe structure respec-
tively.
On thef andz axes we can do an analogical procedure.
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3.5 Numerical example

The problem simulated numerically is sketched in Fig. 3 and Fig. 5. In this sim-
plified model we calculating only displacement of centre of a segment in the
cross-sectiork. For example, radiug; = 19.5cm, Ry = 22.5cm and length
of pipe L = 500cm. Let we know the physical-mechanical parameters of the
material: sediment density = 800 kg/m?, shear modulugy = 20MPa and
Poisson’s coefficient = 0.4. Let’s suppose that shock impact is received after
an explosion of a spherical ammonite chargel&fy mass in the pipe at the
position in the cylindrical systemrq = 20cm, 6, = 60° andzy; = 20cm
and we calculating the theoretical and real displacements in the crossasectio
2z, = 10cm, r; = 20cm for segment$A; 1]k, - . ., [A1,24]x by equations (4)—
(6), (8) and (12)—(15) according [3].

Obtained test summed displacemefts; |%, .. ., [s1,24]%. of the centre of a
segments$A; 1)k, ..., [A1,24]k is presented in Fig. 6a and real summed displace-
ments(sq 1]k, - .., [s1,24]x In Fig. 6b. Substituting into equations (21)—(23) cal-

270 20

Fig. 6. Distribution of summed displacement of segments; |, ..., [A1,24]x:
a) testdisplacemei; 11, ..., [s1,24]%; b) real displacements; 1], ..., [s1,24] -

culated values of test and real displacements of segméntsy, ..., [A1 24]k
we calculating the total pressure on the pipe construction due to test dnd rea
displacement under the action by (24)—(26). Obtained distribution of thke tota
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pressure on the pipe construction is presented in Fig. 7.

i} _/DD

270

Fig. 7. Distribution of the total pressure on the pipe carton due to test and
real displacement of segmetiis; 1]k, . . ., [A1,24]%: @) under test displacements
[s11]%, ..., [s1,24]%; b) under real displacements 1], - - . , [$1,24] k-

3.6 Finality optimization procedure

The mathematical procedures discussed above allows the evaluation diuhe in
ence of the dynamic processes on the pipe structure.

Because of this we have to imitate optimized impact load in the segment and
in relevance to this evaluate the increase of the pressure on the pipeomathfe
displacements of all segment, which appeared according to equationTR2é).
strength of the pipe is checked according to the equation (28). If thatmorsl
of stability are not performed it is necessary to adjust the size of the impact
load and the period or the place of imitation and to repeat the whole procedure
of calculation again. So, we create the algorithm of optimization procedures
(see Fig 8). In this way multi-criteria problem of optimization according to the
conditions of limitation and the aim function can be formulated, which we can
introduce in a standard form. For example as the following [5]:

To find min @(sg?, Sij, pro 1, t). (29)
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Fig 8. The algorithm of optimization procedures.
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When the limitations exist:
[Sg)]k > 6,(:), [sijlk > €, Dr < Taliows t<ter, I < Iaiiow- (30)

Such a problem can be solved while using the standard method of optimiza-
tion with the LP search [6].

In this way we can optimize the dynamic processes, which occurred due to
the impact load effect in the material of solid sediment and define the parameter
which ensure the optimum of the imitative processes in the model. Due to this
we can use the given optimized parameters in the real system, i.e. after initiating
shock impact effects in the defined places of the pipe volume and eliminate the
sediment.

4 Conclusions

Developed and presented optimization method enables:
¢ to model and develop new ways of pipeline cleaning;

e to calculate approximate sediment displacements that appeared throukgh shoc
impact at a specific place of the pipe and to estimate the influence of solidified
sediment displacements on the pipe structure;

e to establish functional dependence between shock impact, pipe struature a
sediment displacements.
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