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of Eccentricity and Density Difference
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Abstract: To understand the features of the cement displacement interface in the horizontal section of
the eccentric annulus and to improve horizontal section eccentric annulus cement displacement efficiency, a
three-dimensional dynamic displacement mathematical model in horizontal section was established consider-
ing flow regime coupling and mass diffusion. The cement displacement interface morphology during cement
displacement of the spacers was numerically simulated considering the coupling of eccentricity and density
difference. The results showed that the eccentric effect increases with the eccentricity. Further, the fin-
gering trend of high-side displacement interface was enhanced. When the positive density difference in-
creased, the buoyancy effect and consequently the fingering trend of the low-side displacement interface
were reinforced. Determining a suitable eccentricity and density difference coupling allowed a critical equi-
librium state between the eccentric effect and buoyancy effect. Under these conditions, the displacement
interface morphology was relatively stable; the interface length appeared to not significantly increase, and
the displacement efficiency reached the maximum value. The simulation results could provide theoretical
bases for improving the cement displacement efficiency of horizontal section eccentric annulus.
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Fig. 1 Horizontal well eccentric annulus model
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Fig.2 Horizontal well eccentric annulus meshing
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Fig. 3 The changes of displacement interface over displacement time under different eccentricity

D36 0 53 2 T SRR AE L BT O IE R 22 TR, KR
SN I AR U T B AR T R DR L AR T
i 38 A AU 30 ) TOURE S A B R L () B 4
VAR RE T YD T, X AT B R R A A 1 T
BReR. ot B G BE R 0.5 Fi 0. 7) B AR O
iﬂzr‘ﬁ?ﬁﬁiﬂzr‘ FEAT 5 m Fl 45 m &b iy 20 7
XN L PR as & i B R R E AT 20 m

Qb 19 73 T2 5T DI S B S A A A B v T
18 D S AR I 3 T /N T g 0O T X o R 2 S BT
B S T B g A A Y 03 R R SRR

i 3 FIEL 4 AT DL . BB O BE 7 228 K
TR 5t 10 DA ARG 30 4 2E 5 7 D i 00 4 3, DR bl e SR AT

T 25— A 14 Al o 2 S i o 2800 R PF g 200 R
T FE 285 4 5 e R o P, TOURE S T 2508 TR L



% oAd B H 4B

FleRF M EREEZMELHETARTEFRER @ISR CER

«20m L
7 «45m g
1.0 AN o ST \
e
— - |
08+ } Al
- { "
= 0.6
=
= |
= 04 i
|
|
i
0 A : ) : '
-0.125 0075 -0025 0025 0075 0125
R Em
(a) ff.Cr 0.1
121
+20m
- 45
10 - £ ® hinag
- Jm “.'-....“’.:.-:
=gl M =
L, 08 S}
£ - .
®O6F &%
r"_ﬁ el
E ’
= 04 g £
:
02 "
0

-0.125  -0.075 -0.025 0.025 0.075 0.125
Rl /m
(c) fh-LJEEO.5

o

1.0 - 45m ®
~ Sm W "‘:'
= { A I "1
» 081 [ A
E f 4l
206+ "t |
= ' ¢ i
= 04 \
| |
02+ 1 |
H
0 L . L . |
-0.125 -0.075 -0.025 0.025 0.075 0.125
R EEm
(b) {03
2
L2 «20m
+~45m
10 F ~5m o
¥ ., .
=08t é =
£ ' .
B 06 a "
# =
= ad .
g 04 4
%
023 .
0 L L I i i
-0.125 -0.075 -0.025 0.025 0.075 0.125
1A HE/m
(d) {eLs HEQ.T7

4 AEMREOETIRZRERE

Fig. 4 The annulus velocity profile under different eccentricity
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Fig. 5 Effect of coupled eccentricity and density difference on displacement interface feature
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