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[ Abstract] “Large-difference annulus” is a common characteristic encountered in complex wellbore structures with “varying diame-
ters” during (ultra-)deep well drilling. This characteristic leads to slow drilling fluid velocity in the upper large-diameter annulus, po-
sing challenges for cuttings removal, while the higher velocity in the lower small-diameter annulus results in significant circulating pres-
sure loss. To address these issues, a novel flow diverter tool was designed to carry cuttings in the upper section and the loss of circulat-
ing pressure in the lower section. However, the lack of a specific wellbore flow model tailored for this tool in current research has hin-
dered its design and optimization. Based on the fundamental principles of fluid flow and hear transfer, a valid mathematical model was
proposed to be compatible with the flow diverter tool. Then, via a case study on Well ZS102, the tool was proved to be effective and
perform well in practice. The results show that with the installation of the flow diverter tool, the bottomhole pressure is lowered from
85. 08 MPa to 80. 30 MPa, the standpipe pressure is significantly reduced from 20. 97 MPa to 7. 22 MPa, and the annulus pressure loss
is decreased from 7. 16 MPa to 2. 40 MPa. The research presents a novel approach for optimizing cuttings removal parameters and pre-
venting leaks in complex wellbore structures during deep and ultra-deep well drilling operations, contributing significantly to the ad-
vancement of related drilling technologies.

[ Keywords ] large differential annulus; flow diversion tool; pressure profile; circulating pressure loss
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Table 1 Determination coefficients of the drilling fluid rheological parameter prediction model
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e BUR 22 T A 2 I B 450 . IR K2 R
219. 07 mm, FH/NRSFERZS RS R 151,26 mm, K
NS RS2 67. 81 mm,

75102 H453L7E 6 281. 14 m AbAYZE pha2ih s
k3 prR,

AR AR TR EE A 48 °C, H ITHREE N 53 C.,

®2 HBEMBUIER
Table 2 Wellbore structure data sheet

F5 A AME/mm NAA/mm HB/m i)
1 E¥%  257.00 219.86 0~1 661 , N
2 B 250.83 219.07 1661 ~3 356 KRz
3 E® 179.40 151.26 3356 ~5 056
4  EE  171.80 152.50 5056 ~5992 /NRFHss
5 #HER 149.20 149.20 5992 ~6 309
x3 RHPIWLER
Table 3 Pump stroke experimental results

T WM, WIE/ S/ SEER, AHE/

MPa C MPa MPa (Les™h)
1 2.71 143.02  6.71 0.12 8.01
2 3.84 142.98  10.41 0.14 10.67
3 5.03 142.90  14.28 0.15 13.33
4 6.27 142.80  18.32 0.18 15.98
5 7.59 142.54  22.77 0.20 18.61

2.2.2 HHEHIEL ERHIESTIL
ST iy AL 555 78102 FE i AR &
Shke BN ELZ G T S R) N S R B
IR PERERRE  BE BCE TR 5 A 1R A A T4 45
bR, 3FLASE 3 AT (A R 13.33 L/s) R, it
A E AR IR R AN R 4 R
BRI, 3300 ST K 14.20 MPa, SE 901 Ry
14.28 MPa; I8 B H FHREE R 51,72 °C, 5204 53
C; AR S IEIREFE N 4. 95 MPa, S K 5. 02
MPa , S ECHE ARG AR A
AP T OUF T8 10 PR 23 406 B0 R FE K S () 3
STEEFRXT LG OLanE 5 KKl 6 Fis
MR 5 K& 6 m s AR TO A T, 5L
ISR HERER A SRR MEIT) 10% LA,
DR, A SORS RS ELAT % R RS B 6 6 9
R B ) v R A T, SRy 7 R Y T B A3
PRALT FIS A

100 160

H

JE 11/ MPa

0 1000 2000 3000 4000 5000 6000
FHR/m
4 BERITEEE 78102 I FE 3 Bk ) i
(LAgiHE 13.33 L/s TEL R 1)
Fig. 4 Calculated pressure and temperature profiles of
78102 well based on the model (taking a flow rate of
13.33 L/s as an example)
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Fig. 5 Comparison of calculated standpipe pressure and

measured standpipe pressure
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Fig. 6 Comparison of calculated circulating pressure

loss and measured circulating pressure loss

3 BENA

3.1 REHHBRESEAR
I 485 2 Ut 2t 2 i B OB S R 5 7
W/ NS B L Q. s, TR, s
JB I LR T BT 0.5 AT USSR EE 2 4
B B /NS A U, BRI R FE AR 0 R v {2
sk, B
V.

=1--2"=0.
R =1-720.5 (37)

K(37) H . R TE B L VoA B TR
n/s; V NFRES R m/s,
IS BB A, iR TS
L LB I R T A AN TR] 5 T UK %) 370 et i B2 5
Z AN 38 200 8 URL Y B TR AL Re SR 515G
PiR LN T
_ 100p,V.d,
o
JIr LA TEN [R5 A WS LR, 5 8 Il
R

(38)

e

326 800d; (p, - p)

n , Re<3
7.13d _ 0. 667
Vo= (‘“p<zs)0‘3ﬁ'> . 3 < Re <300
1
2.95 Jd (p. -
( )(Opj p‘), Re = 300
P

(39)
Ko MET IR E g/ cm’ s VN TTREE B m/s;
AN A B RS EHAZ, myn N R A B E,
mPa-s;p N B PREE  o/cm’
TG IR VE T I R A RV, B A
4H

V=2V,
‘ (40)
Vmin = 2V:
I S5 A it Q,, U
Qmin = AVmin (41)

ARV NG R R AR, m/s; Q. NI AT
L L/s A A R A, m’

P ok, 728102 HW A B PR EHE R
8 mm, QN 7 Fi7R , RIFZS IR R AR N 12 Ls,
INAZ I FHE AT E N 4 L/,

FESEBREE S T AR, 2025 v B Bl T AN 2
Ab A AHAE R A BE T B4 TG B B R A, I B AT
FFEBE ()L O 42 /N, b F 3R 28 w7 B 1R s
IR A, I, 5 B0 T [ A BE T %) T
AL T PR TR N 2 HL 6 7 ) I B A S R T R ) T
W R

TE L RE SRR 8 e 545 25 1 1) DX 3 o B R s
X3k A4 HE R 0. 8 BF BT X 107 AR A 25 3 8 Ry Fe A 48 2 T
W, AR A I A AT R A%, X
Hom A A 24, = (42) PR,

Qo = RO, = RAV, (42)

MRS I S A A Q,,, AR, AT LA
R EFRAFE IR R, 158 R S AR
X3 L2 (] O 2R S5 R Rl 8 B

HRAE 78102 1) H- B L5 S5, W RN R
) 9L 4 A T O HEA TR, 45 SR N3k 4 B

RYEE 8 M3 4, 255 A THR S5 H, Tt K
RN R AR A R L4, WX T
7S102 -, WF LR R SF 325 1 e AR 45 5 O i 1
KT L/s, BB/ 3R 58 1) B A 385 25 T i A
6 L/s, & XM S 817 T EM R Q, 54
i Q WA N IR EL ¢, H)
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St
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Fig. 7 Relationship between cuttings diameter and

0 4

critical cuttings transport flow rate in ZS102 well
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Fig. 8 Relationship between the effective rock-carrying
area ratio and R value of Well ZS102

F4 KNRZHEEIER
Table 4 Simulation results of cuttings transport in

large and small annulus

Bl HEEL P RKEE AR

L X% (Les™') (m-s™!)  (m-s™') XE/% wIE
1 K¥xE 11 0.435 0.566 65.2 —
2 K¥»=E 13 0.514 0.683 72.8 —
3 K®»=E IS 0.593 0.788 75.3 I 5
4 K¥E 17 0.672 0.973 79.6 ik
5  KR¥W=% 19 0.751 0.996 82.8 —
6 K¥H=E 21 0.830 1.090 85.5 —
7 NRE 4.3 0.432 0.524 65.0 5
8 Nz 5 0.492 0.656 72.3 —
9 NFFZEE 6 0.590 0.787 79.7 R fE
10 /IAzE 7 0.688 0.918 82.8 —
11 /R 8 0.787 1.049 84.6 —
12 Nz 9 0.885 1.281 86.2 —
13 /NFZE 10 0.984 1.311 87.5 —

q = & (43)

Q

R IL, 25102 -0 433 R BN BT 11/17
3.2 SREIEEASREIETLL

TE 75102 F W T Ak (BP R /NER %5 32 FAb ) %
e TH, AT 8 W o i, AR oL an 3 5
Fiims

LSy T RE , 2 R SIRE 5k
GACT A I R 07 5 R L Ay i an i’ 9
K 107K
®5 SHnsHE

Table 5 Diversion parameters values

JF5 HESH e
1 LHALE () 3360 m
2 i 17 L/s
3 ] T 4 i 6 L/s
4 i R AL 11/17

P 9 T, 2 43 i T EL K 1 R 1 4 A Y
SEMAAR I, T - B al 1ok o Wi e, 1 R O B s/, IR
IREE RIS, T 8O IR R 7 08 20 He A28 e 34 [
i, Horr HJEE 1M 85. 08 MPa [% % 80. 30 MPa,
AL 5 MPa, X By i e A i 2 2O ; T 25 A6
M 7.16 MPa [# % 2. 40 MPa, %% JE M 20.97 MPa X
EF&ZE 7. 22 MPa, #2013 MPa, 755 /2 5 7 B0R
FIRTHE T (R A3 T HLmT DR 3 i 35 10 48 R
RO

AT, 22 A I T HL G R 0 A 5%
/N, AN 10 Fis , HOR IR AE 22 5 43 3 ok
139.6 C 5 141.2 C, 25 & i B R FFAE 34.0
C, BIRTHEBIBod ot 43 i 5, 16 20 0 2 0D JBE
RELA= B0 /0N, (E 2 8 9 485 7 A0 1Y B8 ) B AR
T, BRI RS TR R W A G

100
— AURTEAT RS
SRR A JE S
801 —— SR B AT 4 E
— RIS
@ 601
[aW
=
.R
Hog0f
20F
0 1 600 2 600 3 ()IOO 4 ()IOO 5 ()IOO 6 OIOO
FR/m
K9 3 TR AT H R R
Fig. 9 Wellbore pressure before and after
diversion by the diversion tool
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Fig. 10 Wellbore temperature before and after
flow diversion by the diversion tool
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