ISSN: 0975-833X

Available online at http://www.journalcra.com

International Journal of Current Research
Vol. 10, Issue, 02, pp.64926-64930, February, 2018

INTERNATIONAL JOURNAL
OF CURRENT RESEARCH

RESEARCH ARTICLE

STUDY OF THE NATURAL BENDING OSCILLATIONS

Mammadov, V. T. and *Abdulaliyev, A. M.

Azerbaijan State Oil and Industry University (Baku), Azadliq str. 27, Az1010, Azerbaijan

ARTICLE INFO ABSTRACT

Article History:

Received 10" November, 2017
Received in revised form

25" December, 2017

Accepted 19" January, 2018
Published online 18" February, 2018

wells.
Key words:

The downhole packer system packing

element, Oscillations, Frequencies,
Oscillation waveform, Bending oscillations,
Potential ~energy, Lagrange, Wellbore

vertical and Horizontal interval.

The article describes the study of natural bending oscillations in packer systems used on strings in
offshore production wells. To do so the Lagrange's variational method has been applied. This study is
performed on the first approximation using some simplifying assumptions to analyze elastic bending
deformations of the packing elements in the down hole packer systems (which isolate production
strings with two packers set on a vertical section of the string and horizontal section of the string) and
to study natural bending oscillations in the packer systems operated in directional offshore production
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INTRODUCTION

Oscillations shall be assumed of low elastic mode, subject to a
linear Hooke's law (Leybenzon, 1951-1955; Babanly et al.,
2016; Timoshenko, 1967). Due to this classical linear elastic
theory will be applied. The packer elements configuration shall
be set in the wellbore interval of the vertical and horizontal
string (Fig. 1).

Presentation of the problem

The packer systems (downhole packers) are widely used to
isolate the wellbore interval in directional wells of offshore
fields. Finding solutions for the problem of packer system
oscillations is becoming more and more critical for packer
designs in the offshore applications. The subject of our study is
to analyze natural oscillations of packing elements in packers
set in directional (curved profile) wellbore (Fig. 1).

Objective of the study

In our analytical study of the natural oscillations in the packer
system packing elements under consideration we have applied
Lagrange's variational equation as it provides a convenient
method for determination of the oscillation frequencies and

*Corresponding author: Abdulaliyev, A. M.
Azerbaijan State Oil and Industry University (Baku), Azadliq str. 27, Az1010,
Azerbaijan.

waveforms (Ponovka, 1976). The plane to be assumed as mean
plane of the analyzed packing elements: Z axis, directed
perpendicular to the drawing plane (Fig. 1)

Fig.1. Well Schematic

In our case the stress on the surface of the packing elements
shall be as follows (Leybenzon, 1951-1955)
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Here the U-potential energy of elastic bending in the packer
(packing element) shall be determined by a known Kirchhoff
formula (Leybenzon, 1951-1955)

2wy 92w, aZw

=2 {awy — 201 - [22 - 22 - (27|} dxdy,
where D, = ﬁ cylindrical stiffness;
h - packing element thickness;
E- elasticity model of the packing material;
u — Poi ssomati;o

2 2
A— (,;1—2 + — —two-dimensional Laplace operator

(Mammadov and Gurbanov, 2015);
p- material density;

e packmg element point acceleration towards Z axis

S - area of the packing element's median plane.

Assuming the packing element points execute harmonic
oscillations we will express the oscillation frequency as p and
can record them (Malsev, 1978)

Wi (x.y;)=W(x.y)cos pt 3)

Taking into account (3), the Lagrange's variational equation (1)
shall be as follows
6 (Tmzx ~Wrmx ):O

Where the maximum kinetic energy of the packer element
shall be

hph —— J . W?dxdy (5)

Tax =
Maximum potential energy (Babanly et al., 2016; Kocoshvili,
1978)

Wy f—f{(AW)Z 231 ”m)[—':—yz—(

)}dX dy (6
Function W(x,y) - the packer element deflection, shall be
preliminary selected in such manner as to satisfy the conditions
of its setting.

The specific solution of the problem in this article is found
based on analytical study of the natural bending oscillations
(with above assumptions) in the packer element which
constitutes a simply connected area with the contour, formed
by two elliptical segments, horizontal and vertical, which lie in
the ellipsis axes in the following setting options:

1) The packer element (packer 1) is compressed in the
horizontal interval of the contour (fig. 2)

2) The packer element (packer 2) is compressed in the
vertical interval of the contour (fig. 3)

3) For the first setting option we shall have the following
boundary conditions

w=0,2Y=0 at y=0
oYy

The function W(x,y) which satisfies these conditions may be
selected as follows

Wxy)=(a,x + ay )y? Q)

Fig.2 Fig.3
wherea,,a, - constant, unknown for now independent of one
another coefficients, where the ration between them may be

determined any time.

For the second setting option we shall have the following

w=0,2Y=0 at x=0.

ax
Then W(x,y)=(a,x + a, )x? (8)
If we insert (7) and (8) in (5) and (6) of the conversion field for

maximum values of kinetic energy and potential energy we
shall obtain the following

2
Tax :“’%’ J(axy? + a?y?)ds

(ﬁ) = [ ({ACafx? + 2ua, - x + af)) +2(1-p)(4aiy®)}
ds

2
Trlmx :hp%f (aix*y? + 2aya,x*y + ax*)ds (10)

Dy

Ul = 7fs4 (aty? + 2a,a,y + d3) + 8(1 — wa?x?)ds
Expression ds=dxdy - element of area in rectangular
coordinates for convenience of calculating the integral in
expressions (7) and (8) by formulas

x=rcos0, y=rsin0

Now we will proceed from Cartesian coordinates to polar
coordinate system.

The formulas (9) and (10) will be as follows:

Where

T) . hpp —Jz f:z(())(alr sin*0cos® 0 + 2a,a,c05* 0 +

20:10(27* sin* cos® + a3r* xx sin*0) rdrdo
T or
ul =D, fzf 2(9){a12(r200529 + 2a,a,rc0s0 + a?)) +

hpp f frZ( )(alr sin*@cos?® 6 + 2a,a,c05* 0 +

2a,a,7°sin® cosf + azr* - sin*@) rdrdo 11

I 2 (7@
Uppx = 2Df J- ((a?r3sin?0 + 2a,a,r%sind + a?r) +
r1(60)

+2(1 — wa?r3cos?O)rdrdo (12)
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in its turn, 4, B and q, 6 are ellipsis half-axes respectively.

After calculating the integrals in these expressions and a
number of conversions we shall finally obtain the following:

i _hppz (a? (As—ag) ]1 (AGBZ_aGbZ) L+ 3(A4B44_a4b4) L
(AZBG;“ bs)] ++ &0

2aqa, U10 _]110)+a22((A —a )]6 " (A4Bz—a4b2)]7 "

O g+ + bé)])} (13)

U %{alz(A”‘ —aY)is + [Zalz(Asz —a?bh)+ (1 -
1w)(A* = a*))]i6 + +(J7(B* = b*) + 4(1 — p) - (A*B* —
a2b?)]17 + 222 (1 — ) + Qad(1 — —p) (B* -
b4))]18 + (Za%(Az - a2)]19 + [Za%(Bz - bz)]]zo}
T+ 3(A4B44—a4b4) \ (38;178)]5 n
(A B -a?b )] " [thlaz _]114)] n

7
(a%2B* (B -b%)

_a2b4
Jug + 8T

(14

2 —
rll _her? oz [ a)

(45B%-abp?)
2

(4%-a%)
a%[ 5 Jiz +

(A4Bz—a4b2)
2

)}
(15)
Ul =2DCE[(A* — a")]y + 2(42B2 — a?bD)]y; + (BY —

bl — 1, — )| 147 — a?)ao + (B2 -
bHHEE(AY = a®)yy + 2(4%B2 — a?b?)y6 + (B -
)17}

Where

(16)

:ﬂ cos'®0sin*0do = 9—”
J>= fz cos®0sin®0do = =

212
331

]3:foz cos?@sin'?0d6 =
]4:f0g cos®0sin®0do = ZST"Z
]5:f§‘305405in1°9d9 = 29%
16:f§ cos®0sin*0do = z_’;
17:f§ cos*fsin®0d = 23%
]s:fgcoszesinede = 7_’;
Jo= f251n1°0d0 = F

Note: The indexes above the symbols specify the problem
number (according to the setting method)

” 9
= B
=(2.,/(A%c0s20 + B2sin26)7 sin*6cosfdf = ———— —
J10 fo \/( ) 12(B2-A2)
A%B® A*B7 7A®B5 748B(34%+2B%) n
40(B%2-A42)2 320(B2-A2%) 1920(B%2-42)2 3072(B%2-A2)
7412 * B+\/BZ—A2|
n
1024\/(15*2 —42)2 [

Jia= fz cos'20sin?6de = =2
]12:f2 cos®0sin?0do = 2—9
Ji3= fz cos'%0d6 = 63—”

J14=J2/(A2c0s?6d6 + Bsin?0)7 cos*Osinfd6 =

A° A°A2 A7B* 745B®
12(B2-42)  40(B2%-A42)2 320(B2-A2%)2 1920(B%-42)2
7AB®(24%+3B2) 7B12
3072(B2-42) 1024+/(B2-42)
. B%2-4A2
Xarcsin

Jis=JZ cos®0df = 2—7:
(% cos*Osin?6d0 = ™
J16 foi cos*sin*0do = _
=2 gin? 2 N
Ji7 foism fcos?0de =
J1=JZ sin®0d6 = =2

s
—(Z 2 - E
J10 fz cos?0df = -,
J20= fz sin?0d6 = E
2 2
]21:f02 \/(Azcoszede + B2sin20)3 cosfdO = w
344 B+VB2-A2|
8y/(B2-42) n A |
s
]zzzfof\/(A2 c0s20 + B%sin20)3 sinfd6 =
_ Alatsal) | spt | ooVB2-A?, 3Bt
= - e ST e
. VB2-42
arcsin

Difference Ty — Unuxe shall be the function of two
independent variables a;ua,. In view of this, we shall have the
following instead of (4)

a(mex - a(Trrax - Urrax )
day Jda,
As da; uda, - are the variations of the independent variables

a; ua, , so the last equation will give us the following
a(Tmzx — Upux ) _ 6(Tmlx — Unux ) _
=0, ———0a, =0
Ja Jda,

Unas ) ¢

a1+ 8“220

When we insert the expression T',mx, Unax ,T” U,l,lux into
these equations and indicate p2in them using w, we will
respectively obtain the following system of two equations:

(€lLw =N Da, + (€0 = N))a,=0 (17)
(CL,o — N Day + (€0 — N))a=0

(€lho = NDay + (Clhw — N})ay,=0 (18)
(Clyo = NDay + (Chw — Nj))a,=0

Where
Cl _  pp9m _A%-a® 5w A°B2-aSp®>  9m A*BS-a’p®  33m
11 2 212 8 212 212 2 212
BB_bB
8
|_pp( B® b°® ) (AZB" a?b® )
12 7 VM2(B2-42)  12(B2-42) 40(B2-42)  40(b2-qa2)?
A4B7 4b7
(320(132—142)2 320(b2—a2)2)
( 7A6B5 7apb> )+(7A83(3A2+232)
1920(B%2-42)2  1920(b%2-a?)? 3072(B2-A2)2
7a8b(3a2+2b2)> 7412 B+/B2-42|
3072(b2—-a?2)2 1024,/(B2—42)5 A [
7A12

b+yb2—a?|
a |

1024+/(b2-a2)5
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cl e 3m A5-a® | 3mA*B’-a*p®  7mA’B*-a’b* | 63mB®-af The deflection function shall be equal to zero:
2 5 Gt 5 A o)
D . 5m(A*-a%)  m((4%B?%-a?b?)+(1-p) (a*-b*)
N, = (= - + ax + ay = 0(22)
71:[(B4—b4)+4-(1—u)(AZBZ—azbz)]++ sm(1-p)(B*-b*)
32 16 ay +a, = 0(23)
NI = (((3A2+ZBZ)B _ (3a®+2b%)b 34t In B+V/B2-42|
123 8 8 8v/B2-42 a | Among these equations, y=0, x =0 express the nodal line
347 et bz—a2|) equations only for the first equality mode. We shall also use
8v/b2-aZ a the nodal line equation expressions for generating the nodal

D m(A*-a? B?-b?
sz_’z(n( za Ly > ))

(19)

pp,33m A%-a®  15m A*B*-a*p*  om B%-b® 9om

I _ . o, 27
C11_ 2 V12 212 4 212 8 212
A®B?-a®p? 5t A2B®-a?p®

2 212 2
co- pp( 1( A° a® ) 1 B2%4° b2a® Y+
12 7% 12\B2-42 p2-a2) 40 (B2-42)2 (h2-a?)2

1 B*47 b*a’ 7 B%4S b®a®
320 (B2—42)2 - (bz_a2)2) + 1920 ((BZ_AZ)Z - (bZ_aZ)Z) +
7(B8-b®) A(242+3B%)  a(2a®+3b%) 21 B'?JB2-4%
3072 (B2-A2)2 - (b%2-a?)2 )+ﬁ ¢ (B2-A2)3

. B2-42 blZ b2—q? ) /b2—q?
arcsﬁé e [ - arcsin = )
B (b2-a?2)2 b

ol = hp 63m A®-a®  7m A*B%-a*b?  3m AZB*-a?p* | 3m
22 2029 6 29 2 29 2 29

B®—h®
6

Ni= 2 (- (4% —a*) + Z(4%B% — a?b?) + 2= (B* — b*) +
(1 — W (A* - a*) + Z(A2B% — a2b?) + Z(B* — b))

W D A3 —a® 3(AB% —ab?) 3B*
N =—( + +
6 4 8 8vVB2 — A2
VEE—& 3B
arcsin B —mx
N
X arcsin T)

N}, = %(H(AZ — a?) + n(B? — b?))

Cllllw - N1|161|2(‘) - N1|2 -0
Cllzw - N1|2C2|2a) - Nzlz
C1|1w - N1|2C1|2w - N1”2 -0
Clo = Ny Clhw = Ny

Or

(Chw = N{D (€0 = Npp) = (Clhw = Njy)* = 0
As the equation systems (17) and (18) are homogeneous in
independent values a ua,, which cannot become zero
simultaneously, so based on the known theory of algebra, their
determinants shall be equal to zero.

W= (a;x+a)y?> =0
Wl = (ayy + a;)x* =0 21

The last expressions are the equations for the frequencies of
the analyzed packer system packing element. Now let's pass
over to generation of nodal line equations.

line equations of the second mode. We will use (17), (18),
(22), (23), and will obtain the following;

| _l
_C1102=Ny,

| | 24)
Ciaw2—Nyp,
Clll “’Z_N|1|1

I [ (25)
12027 Np

Thus, for the considered problems, the second mode nodal
lines are expressed as straight lines, which are parallel to Y-
axis in case one, and to X-axis in case two.

Analysis of the results

Let's illustrate this solution using a numerical example.

A) for the first setting option we insert value
Clll, Cllz, Clzz, Nlll_NllzyNzl2 into (20), and after some
calculations we shall obtain the following:

(28.640hpw — 41,055D)(1,185hpw — 0.1742D) —
(4,844hpw — D)?=0 (26)

Inserting values

y _ 00075
g 981

h=1,5sm, p =

D=27,777 into equation (26) we shall obtain the following
0,142w* — 45,210w + 474,576,600 = 0

The solution of the equation shall be as follows
w, = 10,873, w, = 307,507

Hence, the frequencies:

P, = 104; P, = 554
P, 104 P,

2m 6,2832

. _ 554 a8
26,2832

Based on the nodal line equation, corresponding

_ 286440hpw—41.05D

X
4844hpw—D

=4,14sm

6) for the second setting configuration, the equation (21) shall
be as follows:

(71,538hpw — 223.16D) - (866.05hpw — 1.162D) —
(1290.5hpw — D)? =0 27)
Now we insert h value, puD

And obtain the following root values:
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w; = 971,181, w,=232,810
The frequencies shall be as follows
P, =312;P, =483

The first mode and second mode circular frequency, Hz:

Based on (25), the nodal line equation corresponding to the
second mode shall be as follows

1290.5hpw—D

=——————=1.92sm
866.05hpw—1.162D

Node lines are shown in Fig. 2 and Fig. 3 with dotted lines
Conclusion

1. Application of the Lagrange's variational equation
allows for convenient method of study for the natural
bending oscillations:

2. Based on the analytical study of the natural oscillations
we have obtained formulas for determination of the
oscillation frequencies and waveforms.

e packer element (packer 1) is set in horizontal
interval of the string

e packer element (packer 2) is set in vertical interval
of the string
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