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In the paper stability losses of the packer with a girdle construction have been investigated by taking
into account compactness mechanism. Expanding and constricting cases of conical surface of the
packer with a girdle construction have been studied, stability problem of the packer has been solved
via numerical estimation by using finite differences method. With this purpose, continuity condition of
the deformation has been written for packer construction (cylindrical and conical surface of the
packer) and added to stability losses condition. In the first approach the solution has been carried out
in boundary and junction nodes of the packer (where cylindrical and conical surfaces combine),
however, in the second approach by finite differences method. During packing process stability losses
limit has been studied for the first time for a girdle construction.
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INTRODUCTION

Let’s study packing mechanism (Mammadov et al., 2016;
Mammadov and Gurbanov, 2015; Babanly et al., 2016) by
regulating stability losses with the participation of friction
forces of packers placed between the tube attached to the pump
receiver and operating pipeline in order to regulate dynamic
level in the well being operated by rod well pumping unit. It
has been accepted that, the packer lapping proposed increases
the efficiency of the work in using the packer without tap
(lapping replacing the anchor for creating packer stop). Thus,
being in contact with operating pipeline thanks to friction force,
its packing lapping switches to packing mode (without the help
of tap lapping). Because, the construction of the packer newly
created consists of two parts (whole) with cylindrical and
conical surface.

Experimental Section

Let’s consider the problem of stability losses during the work
of the packer with AP girdle (cylindrical-conical surface) by
external pressure distributed equally. The packer with
cylindrical-conical construction is generally considered to have
different thicknesses, and being connected with cylindrical-
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conical parts between them. This can also be called a packer
with girdle construction.

Objectives of the problem
The following two cases of the connection are possible:

- with its small diamteric edge conical part is connected to the
cylindrical part (fig.1) (expanding of conical part)

Initial data: Let’s note the following markings:

Loy~ the length forming the cylindrical part of the packer;

hcy] - the thickness of cylindrical part wall of the packer;

A,y - the radius of the middle surface of cylindrical part of the
packer;

E ol elasticity module of packer material of cylindrical part;
M., - Puasson coefficient of packer material of cylindrical
part;

Ehy

12(1- p13,)

fo- the distance measured along the generatrixfrom top

\ - cylindrical hardness of the cylindrical part;

surface of the cone to the edge of small diameter;
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h, - the thickness of conical part wall of the packer;

o - the angle between the conegeneratrix and its base;
E,- elasticity module of packer material of conical part;

( Ecyl = Ek );
E.h

_ kK& - cylindrical hardness of the packer conical
2
1201 427)

k =
part.

Differential equation, solving stability problem of sylindrical
part due to AP =g external pressure impact, can be written as
2

. .. h, L a,,
follows within conditions —2% | —2 ol
acyl acyl cyl
d'y.,
40} k4 . l//cyl =0 (1)
dx;

eyl
g

Fig. 1. Expanding direction parameters of conical surface of the
packer with girdle construction

here y_, (x) is deformation — flexion function of the packer and

is connected with 7/, (S) flexion as follows:

Vchl = l//cyl Cosnc}le (2)
Sew .
where X, = is a measurelesscoordinate;
’ acyl

n,,, - is the number of the waves occured in circular direction

during stability losses;
6- is the angle coordinate formed by the middle surface;

qac !
‘_ y
K L}/ (VL)// ml ) c}l c}l and chl h
cyl cyl cyl
- are measurelessparameters;
2
hgz - are measurelessparameters of the packer.

Cor T\ 202 e,

1. If o isn’t equal to zero orz/2, then the system of
differential equations, solving the stability problem in
accordance with (4) work for conical part of the packer, can be
replaced by a single equation.

N P!
dxz(XI3 dxzk * xikz_PkZVk v, =0 3)
k k k

where y, (x) is flexion funciton and is connected with W, (S)
flexion by the following relation.

W, =y, tgacosn6 “)

where X, = Sk
K
4

n,- is the number of the waves occured in circular direction

- is a measureless coordinate;

during stability losses;

3
4, [ ctga
P =g andy, = 4% | 8% gre measureless
cos” a Enh\ &
parameters;
£ = h,(ctg 2“ - is a measureless parameter of the packer
12‘1 P i?
construction.

After transformations, (1) and (3) equations can be as follows:

1 d4¢}[
_— Y P W =V W )
Pcyl dxv}, & ll//ql cy ll//cyl
xk-d Vi 6xl§.d3!//k 6i.dz!//k-fi-(// =V,¥ (6)
k— Ykt k

3 3 2 3 2 2 3
P dx Yoo B dx; P dx; Xk

Thus, the same pressuregimpacts on the construction formed
by cylindrical and conical surfaces of the packer, then v _,

parameter can be indicated by v,, that is the following
equation is obtained:

3
Vo =V, ey [ &, “t toa (7
) Ecy hcylg gcyl
The approximate differential equations (5) and (6) do not allow
for precise formation of elements attachment conditions
(cylindrical and conical parts) of the packer with girdle
construction.

Let’s carry out only the following four of the eight attachment
conditions.

1) Equality of W displacement projections perpendicularly
to the rotation axis of a girdle construction of the packer
to displacement projectionsU alonggeneratrix  of
cylinder and cone, as they are very small, /% can not be
taken into account;

2) The equality of rotational angles o forming cylinders
and cones,

3) Equality of the spindle angles M ;

4) Equality of sliding forces 7,,;

During the connection of conical part with its large diameter
edge to the cylindrical part (Fig. 2) (cone limitation), the
positive direction of the coordinates is presented in Fig.2.
Positive directions of W displacement, rotational anglev,
bending moment M, , and sliding force 7}, is presented in Fig.

3.
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Fig. 2. Direction of coordinates in the constricting of the conical
surface of the packer with a girdle construction

Fig.3. Positive directions:
a - bending moment A/, and sliding force 7;, vectors;

b — W displacement andv rotation angle vectors U < 9.

If S, =/, and S; =/{are available, for “open to outside”

girdle construction, the followings can be taken:

[ ) . -
Wi =w) sina; v!@D =)

cyl cyl (8)
(o) _ (Lo). (Co) _ mp(ly)
M, ;" =M Thooy =T
when §, =0and§, =/,are available, then for the

“constricting” girdle construction of the packer the following
equation can be taken

wo = Wk(fu) -sina; v :Ulim

eyl oyl (9)
O _ ). pO) _ )
Mlcyl_Mk‘ s TZCyl_T12‘
the following equation can be written for M, ,, M,
bending moments and 7,,_,, T}, sliding forces:
D, (d*y
__ T ol 2 )
Mlcyl __d2 a2 MooV o Cosncylg5
eyl x(‘yl
E h., dv
_ eyl " eyl eyl : .
Tlchl == T3 csIn ncyle’ (10)

3
az,‘yl nz,‘yl dx eyl

Dga (d’w 2 wn!
M. =Tk . kg 2 M
. 07 ( dx}] x, x/cos’a Vi

E ’ LR
Ty =— iy ~x,ftg2a~cos30{d Vi, 2.4, Jsmn,ﬂ

3 3 2
Ly I, X dxg

The following equaiton should be carried out during stability
lossesin the merging part of the cylindrical and conical parts of
the packer with girdle construction in accordance with the
conditions of the deformation unfiling and internal force
factors.

N, =n,=n

On the base of this attachment condition, (8) and (9) can be
written as follows:

G) (s)

. dy,, d .
vl =yl sinargar =, Y sinar
' dx,, dx;
dy) D, oldy” m dy | Dy | 2
= x| — = —/——|-sinacosa +| i, — i, - n“p tga;
dx{zy, D, s dxf X, dx, Moyt = Hy D(,;, @y 18
d3 (V) Eh 3(s) 2 dz (s) B
ret =g S 2 g cos'
degy  Eghy, dxg  x,  dx,
(n
(r) (s) . . . ..
where /,, and /" are flexion funciton of their derviatives

for merging junction of cylindrical-conical parts of the packer.
The solution of the tasks

Thus, since the solution of differential equation (6) is
indefinable in a closed case, let’s solve the stability problem of
the packer with girdle constructionby numerical evaluation
using the finite difference method (Mareev and Stankova,
2012). Let’s divide the length forming cylindrical area of the

packer with girdle construction into 71, equal parts and the

length forming the conical area tom, equal parts.

Then, the step for cylindrical area will bet‘l :L ,

actvlmqvl
. . . _x()
however, for conical area it will be ¢, = , Wwhere
my
/
Xy =—2.
t,

Let’s indicate the derivatives in the boundary zones (lapping)
and at the junction of the girdle construction of the packer with
the first convergence expressions forfinite values, and for all
intermediate nodes with second convergence expressions
(Godunov, 1999)

Then attachment condition (11) will be as follows:

") _ o),

Vear =Vi @

v v =y e —u s

v =20 +ul = v e —w ety Ve

o =2 2wl = eyl e e vy e -y Ve,
(12)

where, ¢ =sinaiga; e, =z, sina;

e; =

s eyl

D
ez |z + 2|2 sina-cosas
Dcyl 2

Dk
D

_ 2 2 2 (2 .
e, —{ (225 +un )—,ucyln1 t,,Sina-cosa >
eyl
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D, . Eh . :
e,=—F .z |z, e 12, sina-cosa; e, =—~*— .22 sin’a-cos’ @’
D, 2 )7 E_h s
eyl eyl eyl

s eyl s eyl
E_h ! !

enlteyt

Eh, 2 )55 2 Ehy 2,3 .2 2 5
e, =2—* 1 1-= 12 sin’a-cosa; e =2—F—- 72t sin®a-cos’ @’
z
. ety

Eh 2 . :
ey = 2E"hk(1 +szti,1 sin’ @ -cos’

eyl Feyl s
X n
ZS =5 ; nl =
1, cosa

Replacing (5) and (6) differential equations with finite-
difference equations for the junction of the boundary zones and
packer (cylindrical and conical spaces) yields the following
result:

Ay —aap D +lo+ (P, v - 44wl + av P =vwl (13)

4
Bj[l +Z3}//,§/*2) —28{2 il —32}//;’*2) +B, [6 +122+1;"4]y/j/) -

Zp E

J J J7J
28] 2-2 v 1= oo
ZJ ZJ
Where
3
3
_E ht [ e ctga) _Z
- J 3
E k hk az‘y[ tt‘y[ gk R vl tw/ E‘ t"

i- is the boundary zone index of the cylindrical part of the
packer with girdle construction and obtains 0 and m,, values;
Jj - is the boundary zone index of the conical part of the packer

with girdle construction, obtains 0 and 71, values;

Finite-difference equations for the intermediate zones of the
packer with girdle construction will be as follows:

k

1 31 3 9 9 39
Bl— 2 Ly 42B | 14— i+ B 2222 6l 4
’(1522 4z, 6]% ’( z, IOzf] Vi ’(zz z ]%

j j

+B 9—&4— R v +B 2,+£—6 sy +2B l—i—i v+
z oxz )" Nz2 z ! z, 10z}

b} j j

+B,[fl +i*1]'%’”“ =vy!

f%wfi,‘“ 124y — 64y +[0+(Pr) Ay —64y" 24y fgwf]f” =V

(14)

In (14) equations i index can obtain whole numerical values
from 1 tom,, =1 however, Jindex can obtaion the values

fromltomk -1

The following finite differences equation for the amplitude
values of bending moments and sliding forces in boundary
zones are written as follows:

D,
W) _ oyl (i+1) 2,2 i) (i-1)
M =——= [l//wI =2+ pyn tLjf)W(\’l Wy :L (1 5)
Aoyiley
E
@) _ aibeyt (i+2) (i+1) (i-1) (i-1)
Toe == W e 2w 20—y, l

2.3
2a,,nt,

Dyt 7
My =BT e Py ) 2 By 1 Py
o 2z, z; 2z,

y_ Eh o tgal . 2 Gy 8 2 - -
Ta=—5, " 7B {z//}/ 2’72(%*}//1’ “**WI”H(H*}//;’ 7z Z’}
‘Itk n Z/ Z/ Z/

i

For “spreading” case of the packer construction, the following
equation is obtained from finite difference equation (12)
condition of the junction zone of the cylindrical part of the
packer with a girdle construction:

(meyy) _ 0).
l//cvl) _e]l//k s

(1) _ (m41-2)

l//cyl —J1 ll//cyl

(mey+2) (Mg =2)
l//cyl - ﬂchyl

(-2)
I//QV/

v = fuv,

(m,;=1)
+ SV e

(e =1)

+ f22 l//cyl

(myyy =2 (my =1)

(0) (1) (2).
R L2l SVl ST

0 1 2).
+ o + o+ LD

_ ) U O] 2).
- f?vll//cyl + f_;vzl//cyl + f33l//k ) + f34l/lk + f}Sl//IE )’

(my =2) (mgy =1) 0 1 2
c:; T+ f42‘//c:; U+ f43'//1£ '+ f44'//1£ '+ ﬁtsl//li :
(16)

;f132327; fa=e et+e; fi,=0;

e, +ée;

2e —e, 761[

=4, 6+<P‘,t“,>‘]+v,§’

c

e +e

3

4728 90 12e) -, +[6+ (P,t,) —V*}el ;
e + A

2 5

Jo=

1 e,—e e +es
_ 2 3 _ 3 _ :
Sau= €y 2e, e
66 ez +65 ez +65

__ 2 . _e—2e.
e2+es
6~ &

Jag =5

e, +€5

f45=0

In “constricting radial direction” of the packer with a girdle
construction:

(o) _ (mg).
l//c;/)l =ey, ! 5

- _ (2) @) (my) (my—1) (m;=2),
Ven _é‘lll//cyl +512‘//ch +OuW " o T 0w

(my=2),

(=2) _ (2) (O] (my) (my =1)
Ve =O00Wo + 00 o + 03y, + 6,0, + Oy ;

() (my=2).

(my +2) (2) (my) (my=1)
/20 +531ch1 +532‘//cy1 +OuW, "+ O+ Oy )

(my=2)

(m+1) _ (2) @ (my) (my =1)
Wi = 00l T OV T OV O Oy
(17)

. e, —e, . e —e, . e t+es
Wheres, =0:6, =—=—2:5,=¢,——2:8, =¢, =~
e, +e e, +e, e, +e,

615:0;
8e

3 .
———f, =4e

23 2
e, +e

2e —e,

6y =—1; 522 = —el[6+(13;y,tcyl)4]+vk &,
e, +e A

G =016, =21 L 2. a2t 2e);
32
e, +e e

e, +ée;

0,y = 4e,

6 e{,

S, = l{e‘*_zel (2e,+e,)+e, + [6 (P, - ‘ﬂel};

€ | 1T ée
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1 e, —e e.+e
_ 2 76 3 T 65 . . _
0y =—1|e —2e, —ey |5 =15 0,=0
€ e, +e, e, +e,
2 e, —2e e —e
. _ 4 1. _ 2 5 . —
e, +e, e, —e, e, +e;

The value of the displacement function being outside the
boundary of the packer is defined by the equaiton of boundary
conditions.

Commonly, they can be presented as follows:

e for cylindircal part of the packer with a girdle

construction
i) 0 1 2
Y7 =gy + gy + g™
- 0 1 2
y( )=g21y()+g22y()+g23y() (18)

® for conical part of the packer with a girdle construction

1 -2 -1 .
y(p+ ) — g}ly(p ) +g32y(p ) + g33y(p)’
(19)

(p+2)

P =g, PP + g,y + gy

where y is flexion function value in cylindrical and conical
parts of the packer with a girdle construction.

Finite difference equations have been used to remove the
unknowns, belonging to the zones outside the boundary of the
packer with a girdle construction, from the equations, so that, it
is necessary to delete the row m,, +1 and column m,, +3

from matrix A. As a result, we obtain matrix “A”. Matrix “A”
consists of the row m, +my +1 and column m,, +m,+9, ie.,

it is a rectangle. Let’s create matrix “G” with boundary
conditions, taking into account specific boundary conditions in
the girdle (junction) part of the packer with a girdle
construction. If we multiplymatrix “A”bymatrix “G” (with
boundary conditions), we will have the square matrix “R”

consisting of rowm

oty +land m, +m, +1column and

the coefficients of unknown bending functions in the nodes of
the packer with a girdle construction. Thus, stability problem
of the packer with a girdle construction in the effectgof the
same external pressure and given boundary conditions is
brought to the solution of the following matrix equation.
(R-v,E)/y=0 (20)

Let’s consider the boundary conditions where the lower part of
the cone is free,the top of the cylinderpractically loggedto:

Let’s form the boundary conditions as follows
- in logged case of the top of the cylinder
W(g)=v(g)=0

- in free case of the bottom of the cone

W(g)=M(g)=0

[Tt

where “g” is a boundary zone index.

® the part of the packer with a girdle construction

“spreading in radial direction” has been logged
completely:
g1=0; g,=8: g5=1: g,=0;g,=1 g,;=0;
3-7
83 =0:gy,=1;25=0; g, = Sy, 22,3
o34z, & 426z
2, =0 @D

The bottom edge of cylindrical part has been logged, however,
conical edge is free:

81 =0; 8, =8; gs=-1; 8, =0; gn=1
gs =05 & =0s 22, -m: gy=0; , 377
27, +u, 3+Z,,
67 184,3,=0 (22)
gn="4——"
z,3+2,)

Both edges of the packer with a girdle construction are free:

£,1=0:8,=0;g,=-1:g,,=0:g,=-1:g,,=0;

2Z, —u, 3-Z
g, =0;g,=—"" "~ =0; = ™ s
N AR Ty & 7347,
Z2 - -27? )
P 62, 1 B=22,) ;o -0 (23)

Zm,( (2ZmA + /uk )(3 + ka )

“Constricting” part of the packer with a girdle construction:
- for the logged case of the edges

g,=0; g,=8, g;=-1 g21:O; g22:1; g5 =0;
2Z,+u 3+Z
2,=0; =40 Tk ;0.=0; = s
¥ 82 27— 1) ” Su 3+Z,
6Z; + 1, (3-27;
Qo= ot ( o) . g,=0 (24)

Zy(2Zy - 1 )3-2,)

The edge of cylindrical part is free, however, conical part edge
has been logged:

g1=0; g,=8; & =-1; 8, =03 gn =1
3+Z
g5=0; g, =0; gn =1 83 =0; g41:3_ZZ;
2_
gn = 62, -3 ;83 =0 (25)
2,3-2,)

Both edges of the packer with a girdle construction have been
logged:

g1=0; g,=0; g;=-1; g,=0; gy=-1;
. . 27 . .
83 =0; galzo’ggz:_M’ 83 =03
22, =
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g, = 3+2, g 4 TG4 g o a,, =50mm; a,=76mm; L=140mm; E, =E,=6MPa
3-2, N 2,22y~ 14,)3-2,) S Moy = #y = 0,48
(26)
In “constricting” case of the packer with a girdle construction:
RESULTS AND DISCUSSION

Stability problem of the packer with a girdle construction can

be solved when the smallest special valuey, of “n” wave
number, “R” matrix and according to this v, value, special

vector y is determined. Special vector y and “n” wave number
characterize the form of the packer with a girdle construction
during its stability losses, according special vector v,, the

following equation is used:

qcr = Vk (gk tga)3

1
As “n” wave number (20) isn’t determined directly by matrix
equation solution, values of critic pressure and v, parameter

€699

are determined. By determining “n” values and (20) solving
matrix equation, a number of values of v, parameter is found.

Among the values of v,(n) the smallest value of v,

providing the following equality is chosen.
vi(n=D)>v, (n)<v, (n+1)

Iteration method of opposite matrix has been used for solving
(20) matrix equation. (Fadeev and Fadeeva, 1963).

Iteration process finishes in case the following inequality is
ensured.

(m+1)

(m)
Vi

_Vk

V/Emﬂ)

<107

For estimating precision of the solution on the following
equation:

Middle quadratic error of “R” matrix equation is calculated,
N

where S, = X 7,7, , N is the number of matrix.
i=1

Initial calculations showed that, increasing division number of
cylindrical and conical parts into lengths of generatrix from 10

to 20 specifies the solution 1%. Based on this m,_, =m, =10

has been accepted for the solution of the problem.

For the calculation,the packer the greatest and smallest radius
and distance of which remain unchanged between the
boundaries, has been selected. As changed value «angle has
been taken. At this time as a rule, the lengths of generatrix of
cylindrical and conical parts were changed (Fig. 4 and 5). The
calculation of “the logged part” of the packer with a girdle
construction is carried according to measurements and
characters of the given packer material.

a,, =50mm;a, =28mm;L=140mm; E_ =E, =6MPa;

Uy = 1y, =0,48
Table 1 presents the results of the comparison of various

values of the packer with a girdle construction with experiment
values.

Table 1
op The type of
q . q® the packer
aw | L,,mm | L,mm | q.,,MPa —— | during
’ MPa 9. | placement
process
30 | 342 116 2,53 1,7 0,67 Constricting
60 | 227 200 3,75 2,5 0,68 packer
60 | 227 200 4,75 33 0,69 Expanding
packer

As it is seen from the table, contact critic pressure of the
packer is less 0,7 g, than ¢ calculation pressure.

=

g MPa

(o

Fig. 4. The dependence of ¢ pressure on o angle for various conditions

and wall thickness of “expanding” elements of the packer with a girdle
construction.

W:'y/ = W;c ZO; vc'y/ :vk =0; hcy[ :95mm;hk :65mm
. j’
, v
3 (/
S Sy
1 /
1 3 °
. ﬂ..'
o

Fig. 5. The dependence of ¢_ pressure on angle for various

conditions and wall thickness of “constricting” elements of the

:VVk :0;

Var =V =05h  =95mm; h, =65mm

packer with a girdle construction. Vchl
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Conclusion

Initial calculations show that, increasing division number of
cylindrical and conical parts into lengths of generatrix from 10
to 20 specifies the solution with 1% error. By theoretical
experiments it has been grounded that, the value obtained from
calculations should be multiplied ty=0,7 coefficient for

determining qsfp critic pressure of the packer with a girdle

construction (cylindrical-conical surface), which will take into
preparation technology of packer construction.
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