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Study on Collision Characteristics of Rotating Rod Strings in
Annulus Fluid With Wellbores Based on Nested Grids
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Abstract: To solve the contact problem between the rod string immersed in annulus fluid and the wellbore, a
numerical solution method for the collision was established based on the nested grid technology. The annulus
fluid domain was divided into 2 sub-domains: the background grid and the component grid. Then, the interpola-
tion calculation formula for the flow field boundary transferred information in each nested domain was derived
and the coupling between the annulus fluid domain and the rod solid domain was solved with the subdomain-
based method. Through comparison of the frontal and oblique collision experiments on spherical particles and
wall surface in stationary fluid, the correctness of the proposed numerical method was verified. The results
show that, the force and velocity of the collision between the rod string and the wellbore decrease with the flu-
id viscosity, i.e., the collision intensity is negatively correlated with the fluid viscosity. Moreover, the force and

velocity of the collision between the rod string and the wellbore increase with the rotation speed of the rod, i.e.,
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the collision intensity is positively correlated with the rotation speed.

Key words: nested grid; annulus fluid; rotating rod string; collision
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Table 1  Physical parameters of spherical particles

case sphere diameter D /mm granular material granule density p_ /(kg-m™)

7 3 steel 7 800

(a) WABF B (SCHR[15]) (b) HEM
(a) The immersed boundary method(ref. [ 15]) (b) The nested mesh
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Fig. 10 Velocity contours for vertical velocity v, = - 0.7 mes”!
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Table 2 Physical parameters of spherical particles and fluid

case sphere diameter D /mm fluid density p; /(kg-m™) fluid viscosity g /(N+s/m?*) Stokes number S
@® 3 965 0.1 5

@ 6 965 0.1 26

® 3 953 0.02 60

@ 4 953 0.02 104

® 3 935 0.01 149

© 3 920 0.005 369

@ 5 920 0.005 760

® 5 998 0.001 3 480

X e A Ta] T30 BRI Bk 5 B 1 lf 458 R s A R R A T H A, A5 B ERE JORAK & 2280 e 55 Stokes %K S
()56 AR BUE , 35 Gondret 257 {52645 RAEATXF EE , XF He R £R A0 &) 13 J .
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Table 3  Physical parameters of spherical particles and fluid

sphere diameter recovery coefficient coefficient of sliding sphere density fluid density fluid viscosity
D /mm Cary friction p4 4, p./(kg-m™) p/(kgem™) w/(N-s/m?)
12.7 0.97 0.11 7 800 998 0.001
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Fig. 16 The finite element model of oblique collision between Fig. 17 Relation curves of the dimensionless incident
spherical particles and wall surface in fluid angle and the rebound angle
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Fig. 18 Contours of vorticity fields changing with time during oblique collision between particles and wall
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Table 4  Physical parameters of rotating rod and fluid

elasticity modulus ~ Poisson’ s ratio density of the rod string fluid density fluid viscosity rotating speed of the rod string
E /Pa v p./(kg'm™) pi/(kgem™) ug/(N-s/m*) V/(rad-s7")
2.4x10" 0.3 7 800 998 0.005 25.12
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Table 5 Grid independence verification

solid domain fluid domain
number of grid 1122 2 109 3234 47 375 68 900 105 396 137 991
first impact force/N 1.37 2.31 2.4 0.825 0.716 0.554 0.561
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Fig. 20 Variations of impact forces between the rotating rod string and the wellbore with time
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Fig. 21  Vorticity contours of annulus fluid moving with the rod string
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Fig. 22 Variations of the impact force between the rotating rod string and

the wellbore with time under different fluid viscosities
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Fig. 23 Trajectories of the Ist collision point between the rod string and the wellbore under different fluid viscosities
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Fig. 24 Variations of the center point velocity of the rod string with time under different fluid viscosities
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Fig. 25 Variations of collision force between rod string and wellbore with time at different rotational speeds
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