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Reasonable spacing calculation of centralizers of submersible pump
lifting string in highly deviated wells

SUN Hao LIU Qingyou
(School of Mechanical Engineering , Southwest Petroleum University, Chengdu 610500, China)

Abstract: A centralizer installed on electric submersible pump can maintain a reasonable gap between the string and casing during lift-
ing string and effectively prevent the pump {rom cable extrusion and abrasion. At present, the installation of centralizers in domestic
oilfields depends usually on experiences, lacking theoretical bases and computational methods {or how to scientifically determine a
reasonable spacing of centralizers, however, which, s susceptible to the increase of production cost and the risk of downhole acci-
dents. Based on comprehensively considering the influences of various factors on the forces and deformation of a string, including
wellbore trajectory, liquid density inside and outside the {low string, {riction between a centralizer and internal walls of the casing.,
the self-weight of a string and geometrical dimensions of the annulus. a micro-element method was used to establish a mechanical
model for lifting string of three-dimensional borehole electric pump in highly deviated wells, With which the {orces and deformation
of a string under different operation conditions can be analyzed and calculated. According to the principle that electric pump cables
cannot be squeezed, centralizer spacing calculation model was deduced {rom computational model [or the maximum lateral delorma-
tion between centralizers. Moreover, computer-aided design sof{tware was developed based on the above-mentioned theoretical mod-
els. Calculation results proved that this new computational model is reliable and the software has a high computational accuracy,
thus, the present study is of somewhat guiding importance to the in-situ installation of centralizers.

Key words: highly deviated well; centralizer; reasonable spacing; modeling; soltware development
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Fig.1 Centralizer-oil tube simplified model
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Fig.2 The schematic diagram of i-th centralizer force
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Fig.3 Force and deformation of tubing between two centralizers

in 3D buildup wellbore
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Deformation of the tubing installed cable
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Table 1 Fundamental data

EX VEH 25
H G/ m 3286 3460
AT AL/ m 3000 3000
B M/ mm 159. 42  159. 42
T4 M2/ mm 73,02 73.02
A M 42 /mm 61.98  61.98
BIE A KAME/mm 150 150
HEmRIR/ O 86 82
E TNy R
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Inclination angle changing curve in Well No. 1 and No. 2
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Table 2 Computed results of centralizers placement

) 15 - 2 5k 7
BT/ m TR /m B/ m AR/ m
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15001346 11 2001~692 11
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12031164 il 5852559 13

1151 15 546 15
1136 17 531~477 18
1119 19 459 25
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138~78 60
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