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Numerical method of coupling vibration and collision characteristics

between slender rotating rod string and produced fluid

YUE Qianbei, WANG Xiaoxiao, WANG Gang, LI Hui, XU Yanlu
(School of Mechanical Science and Engineering, Northeast Petroleum University, Daging 163318, China)

Abstract: To address the problem of contact between the slender rods and tubes immersed in fluid, a numerical method is estab-
lished to model the coupling vibration and collision between slender rotating rods and the produced fluid, based on the overset mesh
technique. The outer annulus fluid domain is divided into two overset subregions: a background mesh and a component mesh. The
interpolation formula is derived to transfer fluid field boundary information in each overset region. The subdomain method is used to
solve the coupling between the produced fluid domain and the rod solid domain. Additionally, the transfer method of physical vari-
ables and a normalized convergence criterion are established for the coupling interface. A coupling simulation device for a vertical ro-
tating rod and produced fluid is established, and the numerical simulation results are compared with experimental results to validate
the correctness of the numerical method presented in this paper. The coupled vibration and collision characteristics between the slen-
der rods and tubes are studied under different fluid viscosities and rotational velocities. The results show that as fluid viscosity in-
creases, the influence of viscous resistance on the motion of the rod becomes more pronounced, leading to lower contact pressure
and reduced vibration. As the rotational speed of the rod increases, the vibration becomes more intense, the influence of torsional
deformation on the rod’s motion becomes more significant, the normal acceleration during collision decreases, and the contact pres-
sure decreases accordingly. When the collision occurs between the rods and tubes, the acceleration at each point of the rod changes

abruptly, and the vibration intensity increases.
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Fig.1 The coupling device of vertical rotating rod column

and produced liquid
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Fig.2 Coupling mechanical model of rotating rod and

produced liquid
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Fig. 3 Finite element model

B4 43 A S /MBS Y RS

Fig.4 Overset mesh with hole and minimal overlap
2.2 REBHNFHESRTE

2.2.1 MR B H 5 2
BTN
de _
a[+v(mo_o (1)
A, 0 R 0 I R4
S EIT RN

d

<;f>+ V(pv0) = V(e Voo ) =+ Vp'+
V(o0 )" (2)

S R S R s T I A ,p’=p+§p/e;

Lo H TR LB E | e = p0 + g e M 53 90 H
PN WA= T - N o = B
SST kw, k-w B AL F ke B AU 2 75 A5 UL 1 i i A
T, bo H55 TR 6T 3T BE TRT X 0 1 B SR R A R 4 A Ak
FRAE 7, (EAE [ B D) X 8k A7 o i BB ok, A
AL IO J ke 58 M SST k- BRI Ao 5



252 & 31 T

%38 &

[

U 4b 3 T BE TH 3 )2 KR B, H ke BB A0 B
B BT U1 XA 3N, 2R T k- 1AV FE T BE X 3T
SN fe-e B RV E 5 158 AP0 A, () Bf ol B T - A8
RUAE Al 85 Y09 X SO0 A 0 S5t T RUSR R 2
JEAE i U 2 P FR B e SCrb 5 8T T ik B U0 8 7 1Y
ik AR N S T, e A R A O

ok ! (3)

' 1 SF)

P —
max(w

w

a a,w
A, 2 w i 3 i 3l BE 5 AR A i 2l AE AR HIR J7 FE 5K
45 S S BB A 5 ay R W B, BN 0.3150 7 FL 01
A

g=— 06 (4)
1+R€‘
F, = tanh| max| 2 vk ,% (5)
0.090y " py’w
K, Re, = ,yﬁ%ﬁﬂﬂi TR T ) R

2.2.2 WAMARIR B %7 2
HNFR S AR S TS 5 RO Q0 1B EOE RS N .

A(ldfl+<B[ldﬁ+D(l) dfl + Cypa= Fq (6)

Gudy=H,

KH,An Buy.Cy Dy G 53 50 8 15 50 A% I 14 1)
Q8B FCRE X R ) R GBS s d o 5 B
A T S5 IR AR S 2 B R 3 R R o
JU U AL s o F o 2300 8 S5 AR It 14 580 03
W HE T TR R A Hoy ol S5 PRSI A S8 20 1
R

Hih B0 Hy
d[l — O
r=r

d o T M

o (7)
Pn ‘r o e
du ‘ = dfz

=nIi" r=rgs

O, DN S ROAK (4 SBE T 3 5 Dol 0 Do 43
) kg AU A el A TR ) i B e A
S DO A T g 2 DS 2 Y PN R s Ry A T AR B
FE N TTAb B 3035 5 p A A0 A Ssl A H 11 Ak ) P T 5
e e AN T Ah H 11 420 ) B 35 ] o

AP IR 25 G A S 2 A DA Q0 R B O R R

Afzdfz +<Bf2df2 +Df2) df9 + Coppn=Fp
szdfzszz
K, Ap Be. Co Dy Gy 53 51 2 A & UK 4k

(8)

Q" f TR X B SRR d d 5
Ay 2L RS R A S Qi B O R R R ik s s Ry B
JC T R R 5 po Fo 53 51 R 20 A 99 A% U4 4k
Qe W ETT AR ) R A 5 H o S A A% 3 1A 3
(10301 5 R

HIDF R R
de |F:r;;‘" —d. |F:F[J,
dfz nieeu™
r=r
out (9)
Pe|, b M et P
dfz = (Zfl
r=rg= r=rge
rp, Tt g 28 WA rh 5 AR B0 5 i 55 i

Tt 53 590 2 S0 0 A S0 B AR g i 3 B
L O 4 0F A% 53T 5 MG ik & 10 S0 i 5
d 95N AR SRR G 1 Ak ARG RS R
PR IAL P 07" 1) 2 BT D

ABJB +<Br3dé +D[3>'d[3 + CfsPB: Fy (10)

Gudy=H,

K, Ay By Cy Dy, Gy 50 5 8 N AR B8 0 1 5
X R BRE ESRHE I s dy d N N R
AR F) T 3 B BE R Ak 5 g BTV R 4
s pe o 2000 8 WA SR QF i 1 AR 1 R
H i NI AR B Q" 1 30 5 8 R 4t

BERUE S USSR
dB‘F re ‘F:F
dfﬁ B —nf'uin (11)
P ‘F . nf'Pin

A, m Sk AR SBR[ 5 D SR PN I AR R
PR B R A 305 5 T BT 43 590 2 DY A28 388K
ORI S s gt

2.2.3 IREFRRBALE R E LRI T %

FE VT I 28 0 R TS S5 WA AL R T A 1 R
T EAL i B T B I, B AR S
T 5 S A % 25 i Ak B o RS B R AT IS 4,
B 5P o He B 22 ih FAE = —XT BT, il o
JC 1234, BT abed ; 45 8 B0 1234 1915 1A% 36 45 5
JC abed , W 55T 1234 90 4 4K B 5T, 19T abed 184
ZARETT, AR E 7 2

deeror = g+ @d“"“”( Vcid‘m”-rm,>

@accepmr J— @donnr ( 12)
vdacccplor — va.ldonor
A, d R 3T L W s Vd S BT O R

@ F BRI B ] Venkatakrishnan J7 358 ;



g2l

5 KM, 45 o AR A A A 5 R R 5 i 3l 5 R 4R B D7 TR T 5 253

[ #R“acceptor” Fl“donor” 43 5l 3 7R &2 44 B0 AL (A
BATT 5 g R AR BT 0 B A2 AR B 5T P Y BE B

S RS i M i 2 0 A

Fig. 5 Overset mesh of annular fluid domain
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