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Simulation analysis of rotating-casing cementing displacement
in extended reach well

WANG Jintang' , SUN Baojiang', LI Hao', CAO Chengzhang®, PENG Zhigang”, XU Kewang'

(1. School of Petroleum Engineering in China University of Petroleum, Qingdao 266580, China;
2. Institute of Drilling Technology, SINOPEC Shengli Oilfield Service Corporation, Dongying 257017, China)

Abstract: Rotating-casing cementing can alter the fluid flow field in displacement process and increase circumferential effect
of whirl and reflux, which assure the better stability of the displacement interface and improvement of displacement efficien-
cy. The rotating-casing cementing displacement in extended reach well was simulated by computational fluid dynamics soft-
ware, through which the different deviation angles and the lowest casing rotation speed at the hole-diameter enlargement rate
were obtained. The results demonstrate that the tangential velocity is reduced with the increase of the dimensionless radius of
annulus at the same casing rotation speed. And as the deviation angle increase, the swirl numbers are different and generally
tended to be declined in the flow sections. The displacement efficiency of rotating-casing cementing is improved significantly ,
and the larger the drift angle, the better the effect of improvement. Also, the greater eccentricity results in the larger swirl
number in the same section. The swirl number in narrow is distinct larger than that in wide gap. When the eccentricity is
greater than 0. 4, the displacement efficiency increases significantly. At the same annular section, the bigger hole-diameter
enlargement rate causes the larger swirl number, and the degree of rotational flow is enhanced, which is favorable to the slur-
ry cementing displacement. Rotating-casing cementing has a great improvement of well-cementing quality and displacement

efficiency in extended reach well under the bad hole conditions.
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Fig.1 Annulus flow field mesh generation
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Fig.2 Rotating-casing annulus flow analysis
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Fig.3 Tangential velocity distribution in x-axis direction

with different casing rotation speeds
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Fig.7 Tangential velocity distribution under eccentricity being 0. 5 with different casing rotation speeds

N8 Tt i JEE 1 A8 Ak fof 45 20 2 ) B 9 32
5 O BRI 25 []— {7 B AL e I BB K, 78 (1]
st P T T I S R T D B D E U, M R 0 B R
F 0.6 B, X Fh 22N, ZEE (ORI,
7 ) I Pt ] S SR AR ARG X T ) ] R U
2 FEI A A T T AR i i o B Y KT o I
HAESET I RE — ), 2255 e i 45 8 - W A 300 BE 1
FAEFTT BT, Sz a7 (] i A s 3 Al W 4
it 5 Do B PO e 5 DR ahb OO0 B2 AR KS , 57 e
X K K I T AR My . /9 WIS i Y
FITRURE B3 161 4347 7 TS0 B B A R

MWE 9 B W 0.5 BFE4 L 40 r/min
TR, R T 0 e e (i A5 9 25 U S A T 4k

BRBEAR AT, R A i T R A G T R AR AR ER
2SR A B TOK IR A S TR e
LN 0.5 N [RIEAE RS R TOUR S i oA v,
IR R AR R A e, R R A T BE ) DB R 45 i B
AR B VR B i i K R S TR ol 7 A8 R )
it P DXl P A R, T SR v B B R DK
55, P AR o

LA R Al IR B WD [ TOURS R A [ R
LIRS [ B (R, 43 Fh T U
AR B PN B Al R0 R i B R A O T J A
IR BE T T B o R T R A A O R PR
AT P12 ) B AN — B0, AR MERf S — 1B TR BR S
T3] B2 PR 20 o Rl i P A S BE 8 D de IR 7 e e



- 94 - BB K FFR(AARFFR) 2015 %6 A
o #1010 y 90° IR AR O BE NS e i AT DU RCRXS T
1.0r
s e=0
- 24
010 b B =01 08 " e=06
»> ": « « ' vy v 4 8:0'2 o €=0.7
‘ v v e=03 A A e=08
0.05F e v L A s T, <e=04 0.6
“' Y a4 & . o a ¥ > e=05 -
»Y g ] ] » |
B . . & & AR 8.
‘t-.----.-.‘ Yo wf ] 02F o e,
005+ B B v 2 - Ve I‘A\%i -l & ‘.‘.A..h
> < : g I ok e Ih
RN RPN e
-0.10 1 1 1 1 1 ] -0.2 1 1 1 1 ]
-0.12 -0.08 -0.04 0 0.04 0.08 0.12 -0.12  -0.08 -0.04 0 0. 04 0.08
z/m z /m
B8 AEMRLE TR
Fig.8 Swirl number under different eccentricity
B v/ (m-s™) =40 t/min KIS B
1.939 1.00
l 0.90 s~ |
1.454 0.80 80 r/min
: SRR SRR ST T T 0.70 S .- |
0.60 40tmin
0.969 050
0.40 o X LI |
0.485 0.30 20 r/min
020 eI T
0 IOJO 0 r/min
0
) (b)
EH9 mUOERNOSHRETRFANERES

Fig.9 Displacement interface distribution under condition of 0. 5 eccentricity with different casing rotation speeds

95
94
&
N
& 93
L .
= —=— 0Or/min
—eo— 20 1/min
9 ~4— 40 r/min
—¥— 60 r/min
91 1 1 1 1 1 1 )
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
P2 e
E10 FAEEOCENESREHEZGTERERIL

Fig. 10 Displacement efficiency comparison with

different eccentricities and casing rotation speeds

MIE 10 7 HE 90 HRHA I DL B A BesE T,
W (i L JBE F1% 185 0 T 8RR, o 31 o2 7 A 00 B2 R T
0.4 L5, BUEHCR PR HARH B3 B hef
N B TR S PR B, TR R A AR R %, i
O JEBORHUCE RIS | R I B [ T i A v
USRS BURE A [ O, al LR B AU e 2 ok 1
BRIFBENRDE , i Dt TR Y RUEZE 4 T B I FRE
3.3 AEHBRYKE

B R T R A AR R B IR A MR Y

Je 4t 2 | SR BIORIT R B TR R T IR I BE (RS A
B A RN IR (AR 48 5 - RE A 3R
A REARLE %, KRB FEARRE , HRY R
(18 AR AT 1 TR R = A SR s, AR
R 90° 55 R il B AR AR YK 10% ~40% FI
EREWERHEE 0 ~ 80 v/min , 55 R [R] 245 TE s 3ok )i
TN UI R A3 A RS R IR RS T s i
AR B A . B 1 R R KRR 30%
IR [RS8 T o B T o Sl D) 1) S R0

11 F Y Bl 2558 e i ol B2 A 15 o, 3 3
AR ) 8 EE A B 22 3G 0[] — e s RE T, 1) ) 3
JiE Fifi 2 TG 1 9 B A 2438 (10 158 Jon i R B AIC, F HLAE
T ERES AR R5A 0. 5 LU VI ) s B 55 , 78+
AR A2 AR A oK e 2 o & A AR Ak, 9128 BT AR 25
Gy B FE R O A A R T B X, B RS T T
3, PR RIERE , =5 1Y) ) B v] LI oy a8 58
SNSRI BRI . N T S I T SR A A e
FEAE I BE IR EE T RS R o AR [
B RARB AL, IE 12 Fis

EELLA0 v/min BEF MR [FHAR T KR
e B S 5 B2 AT ) — 67 B AL, AR KR
A S e e E0) TR G N S S ) R ok NG O |



%395 %34 EA# 5 RS A S B TS <905 .
0.6¢ 300
«— Or/min
o2 Y ~250F
—~ —h— /min T
W 4L —+— 30t/min =
CL —<— 40 r/min Z200f
<03 —— 60 r/min NG
& —— 80 r/min & 150
0.2
ﬁ b=
=3
=01 ﬁlm-
&
04 * ‘o ® 50
-0.1 1 L ! ! ) : . z ,
0 0.2 0.4 0.6 0.8 1.0 05 ol o2 03 o

(R‘V'Rin)/ (Rom'Rin)

B 11 HEFKEH P BLEEEREE
HE x HYIEEE S
Fig.11 Tangential velocity distribution in x-axis direction
under 30 % hole-diameter enlargement rate with

different casing rotation speeds

0.25 . W = 10%
v v o 20%
0.20 + & v A 30%
v 40%
0.15} ¥ z. 7
0.10 - , a A4, e
A
B ol :ﬁ‘d": fttgvsa, vt
- - A
0.05 v 2 4 5 o v
-0.10 v v
v
015 ' ' nv f I i )
-0.15 -0.10 -0.05 0 0.05 0.10 0.15
x /m

E12 AEAFERY KRR
Fig.12 Swirl number under different

hole-diameter enlargement rates

] 7 TR AR, 0F -7 1] S A2 i DU /D
IRBEFLRE LG5 . B AR U, B e % B A
HFIR A2 R P A B BRI T . IR S PR
HRAN RO AL AR ™ R AR 25 53, 4% b il A T
B IR G AE— R A R K77 IR B b
B IR ARSI I, B TURE A0 e LA
FHREIORIE . A B4 [T P U 88l 4 5 3K ol
ARG, S AR R TR AR

K13 2y 90° IR AR AR R BT i
AR A e e

MIE 13 5 i BEAE AR R B K, B 1
FRARE A R el 2 s T, R AR R 0 /Y
48 r/min J & BIHALY KRN 40% /Y 255 +/min,
I IR T i B — s T, KA R S [ I TEs
G TAF MV AR ARG R ZOR . fEA AR R B
R N A R e, DR i [
14 53 90°HRHA A R AR Y™ R M A e i i JE
FAF I TBUERCRXF I

HET KE
B 13 ARART AEZTRERESRERE
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hole-diameter enlargement rates
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