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Abstract

Pipeline transportation is the main mode of oil transportation, and its safety and environmental
protection have always been issues of concern. To rationally abandon underground oil and gas pipe-
lines, and ensure sustainable development, this paper takes CLSM as the main research object and
uses computational fluid dynamics software to numerically simulate the fluid dynamic characteris-
tics of CLSM slurry in the pipe. In the horizontal direction, the slurry is a stable stratified flow state
in the flow direction of water, but there is an unstable flow in a certain area near the inlet. Under
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the condition of constant pipe diameter, with the increase of flow rate, the core radius gradually
decreases, the core flow velocity gradually increases, and the flow resistance per unit length signif-
icantly increases. Compared with the pipeline resistance analysis method using rheological tests
and considering the wall slip effect, the maximum relative error obtained is less than 10%. Through
the study of the flow characteristics of the slurry filling the pipeline in the CLSM technology, a theo-
retical basis has been laid for its application in actual engineering.
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1. 3]

HHIBHE WA TR R EZE RS, 7R S E A A B IR AL Tl A 56 R R AT
[1][2]. EHHT, EA NG ARG LR R m R B3] [4]. 25 BRTiR, BEAETRE K75 il
FiEm G Rk, MR RRSIRE, SEEFHTTMAEE, FREFMREENLELEEHA
W LB TE JEIRE[5]-[8] 0 A STHIF T P AR PT 4% AR B B2 A KL CLSM ZR B A i S8, 3R 4 —FiA 2%
IR GBI FNE M EA B 7 9] [10]. ik A PeIkbr fa 1R 75 88 P 78 OG5 1]
PEPEARSR A RH(CLSM)SR A, i i R A Ak B, B S B/, N5 Qi@ dA, LAY it
TR A T AR B — s Ye i A s [11] [12].

i 72 (13158 N g5 A 1l Tl ik 45 3, 12 F Fluent B0 35 AR5 I8 St 347 1 B A0 B S0,
AR S S 2 RS LRI R, R ZEAE S AT, R T AR S IR R I 1R Z R e R O
Fe, s AT SRAS 2% R AR 4 B U AR FE X ] 1.82~2.23 mis.

IRAE R [14155 N LA R 8 2 ¥ O A0 R AN (5] 411 P 8 2R AL B S g B il 0 3R T ARARE b 7725, DA
H AR P A R R B R — 2 S E N E

FRAAR[L51 R EIE B BAIBURSE L2078, W ARk B T8 N R AR 1) = 0 HE
[, #F TZEENEEIZH, RSN REL N %A, B,

BEL II[16] /R T E AME R 1A Lo br e o B Je B 00 J il fiids, R0 &P 4R Bt ik &R (R bR TR
FEAT 78T DRAFIR IR 4B TR, IR itk 2 A .

TR EAA[17]-[19]55 Nia A B gui A8 2 REUEME T RSN . SRS S HIMBCE, T8
P HEAT TRk, B0 TR TGS

BT ERitd, A SRR S IR S R, TR FRIER I 18 CLSM MR AR R K 4
EH BT, g ST T R AR E R S S A RHE AT B, DY s 58 &% R 2 CLSM
FIBR B R E BB R, TR A AT 5 B8 SR A AR AR

2. WHIRIE

AR ) AR SR B MR I R P shE e, REESFE = e, BRI AEH 5, B Navier-
Stokes J7 F22H (fai#x N-S 75 F24H) [20] [21].
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2.1. CLSM 148EEER

TG eI LRV IR RL, AR R . MR R . SRAITE & e S8R A M U 4 2 4R
BEEATHEE R . /£ CLSM il &1 A, NREERIATE A, #H LB R CLSM & —FTEREIL K |
BTG (O R R A BB R . ASTE BRI AU T R AR AR £ A I RE rR BT IS AL A T BEAR B (VBN
Phy WKE. HURRELE).

211 SRz

FAntE, fEh CLSM (S8R 2 S I) ARG H 10— N EXREENFASH, EEBENMHRLRE
TP O VE A . IXANMRER B RN B fe A B R AR TR & . O T W DR LA A T S
AHFFER TS BERRASACKIEAT CLSM SRR SN E RIS TN . B B BRIE ST, Xl i
TEARFHEAEAS CLSM AL R AN B0 B4 3 R L L OB SRARAE , I FRAIE 1 SRR i s 1

2.1.2. {R5BH

CLSM S 1 36 El VR %+ 2 (ACI229R) AL 5E Y 28 K N e KPR 5 FE AR 8.27 MPa i —F i
F LU G2 M5, FESEPR AU 58 52 8 5 7F 0.35~2.1 MPa Z [i]. &1 % & [ A il R AR & M i 7
TERIIAI R, Re SR T M RSB U AT DX, DR 235 2R A7 A 35 R IR A /K PR A — R S 7 PR o 55
i@, $EH T CLSM HIPUEREEfRFR: 28 RIUEMREE 1.5~2.8 MPa, 7KViifl& 100~200 kg/m?.

2.1.3. {KihKE

WKPER CLSM () —NEBHRMIE, JUH AR BR8N 65%~T0%M1E ML~ , S antt. /KigHEM
BHRZK 23 86400 B K P2 A i KIS, (K e SEA R AR AR /N, T BUK M B UTRE, 24
7K F B ECRET (200 kg/m3)E, KB HEA BHE DT & a7 DL #] 10.0~20.0 mm/K . Ft, KA CLSM #E 7
FURBIMAE L, WSS, malE, STFREmMAEE, MG HKE, R %Ls,
NILRE, ARG TSR, WK R B HILE 5% LA o
2.2. EraFHEEE

TAR 2 — T AR A A B IR F Ry 32 B 58 9 28 1A 2Rk P IR AR 2 05 RE AN AR 2 i 2R Hilid 1 A4 1)
AR o AR TR IR IR BT ) 71 5B UI 3 (0] ¢ RIAM T FE, RV FIB IR S BT v {1 B AT
ARTAR F R R RN E A%, I8 R S8 ik @ B DN -8 V) SR (B AR fh£8), FE45 & BRS04,
N A LI AR T o

TR 2 DU AR SR B, 4289 0) 1 58I YI3R 006 R T 40 AR s 5 AR AR i i AR A4
AR TE R A 2 A =2 © WA S ETERIRAR: @ AR SR SRR © Rtk

CLSM SRRk P Bl 4% P ARG 1) A 3G, f [ (AR ORE EL AT M o 24 70 BEORMIR Pk B 1 5 450
B, SRS FRAE B AR R I P B AR . FRARME LR, FEEE A A PR IR E R, R
TEUCRRIRAS o 2400 22 e 15 5 BE [V f1) R4 R UK T IR 34 RERT, TETCAMIMERT, RARRIEERE
TER N BR. 48N RIS RE, A GIREEIERD) .

FEMLIERE b, SR T —RRTE, B IR A RS IR BN B I SRR B R I . — AR OO
N, BRLRT RN, I SR R .

3. IEHIFIE
3.1 RETFELE

(1) FEsSHE
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a_p+6(pu)+6(pv)+6(pw)zo O
ot OX oy 0z

1%
SINFKEFFS div(a)= (?;(X +%+ aiz FRATLLE .

Z—f+div(pu)=0 )

X, p REEE, kg/m?; tRIE], s; uREERE, u. vAlwREEREE X, y Mz 7R,
(2) AeE~FEITRED Rt

o(pT . ok
(gt )+d|v(puT):d|v{C—pj+ST 3)
XA, p BEE, ko/m®s tHENE], s5 TRRBE, K ulE, mis; K NRERERRE, WI(m?K);
ST NEeEIEI, Jo X TASCHIBI TN G CLSM Ak, et kb tae, HABBIRZREW, HiE
5B . CLSM AR I ZIRASHN % 1.

Table 1. Rheological parameters of CLSM slurry at each time
& 1. CLSM RIFEZIRESH

5[] /min Jit IR S A3 /Pa IBVERGE (Pas)
0 10.32 0.54
90 8.58 0.376
180 10.56 0.47
300 12.68 0.58
480 20.62 0.987

3.2. CLSM i siEal

I BUERAL A LA A A 14 1 P, Hh R EEE KR 2 m, DUR TR 28 i I fa
EVURAS, ACEEEKER S m, SiENE 0.6 m, ZEAMKE I E2(NE)SHIR=03m. R=05
m. R=0.7m. PL xoy E AXHRE, BUEE—J/ERiHEER, MiERls3ET ICEMCFD16.0, 248 Mg
Rk 2 Fras, Mgk 3 fos.
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Figure 1. Geometric model of pipeline
1. EEJUER
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Figure 2. Bending pipe grid division
B 2. TEMEXS

Figure 3. Section grid division

[ 3. #m ikl

3.3. IFFHHERE

@© R E 7 TRt ol, B IE b N D NEEAN D, R RRAERRR, HREEAN
My @ &G REH M oA X # i B BE D S 264 B VRS R k&, DRI HE i A 2% A
JEJJHET, % 5E CLSM RERONANTT R4k, AR T8 P AR e, 5 i K Skt 2k 1) 8 2 A
RREIHEREES) R R AG R @ FHJhEEE 9.81 m/s?; 5 HUH I 293K

FRAE 25 7 SRR 00 7 38 WL 22 2 S 2 Mt 30 Y CLSM AP RME A 38 rh i 50 I 35 WSO FT 50 CSLM S 4k
FIHE BRI AZRORES, Hk, EFRZREA. WERMER SR B BB R ER
Fadh A 74008 0.3 1. 1. F10.7, WERAAHEIEVIGEN, B8 WS A6k RECh 100,
AR NIERIKEC 100, FFURIERTTH R H 2R ROA R4 . B i bl 1-1 80, S
TFHE N 307, 45°, 60°. 90° KA 4N 2-2. 3-3 #T .

Table 2. Pipe bending flow simulation scheme
F2 EERPEMFTR

UES k) EIEALR/m /() SEEHAE/m Yt /m
1 0.273 80 03 0.380
2 0.273 100 03 0.475
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gk
3 0.273 120 0.3 0.570
4 0.273 160 0.3 0.775
5 0.273 80 0.4 0.380
6 0.273 100 0.4 0.475
7 0.273 120 0.4 0.570
8 0.273 160 0.4 0.775
9 0.273 80 0.5 0.380
10 0.273 100 0.5 0.475
11 0.273 120 0.5 0.570
12 0.273 160 0.5 0.775

4. BERHIDHR
4.1. FEIRET CLSM RIFREAIRUGR S

AR S SR 2, CLSM 2R AR V- 2433 43 %1 0.380 m/s. 0.475 m/s. 0.570 m/s. 0.755
m/s. D=0.273m, ZEZHEE)N 0.3 m. M 1-1 1M 2 3-3 EE R 0 Zeitd /A Bl 4. 4] 5.
K6 i, FAghALbR Ay 1-1 #1H 25 3-3 A O 26 %5 5 A bR B A (RS A5 [800) I R 38, T LIRS 40 AT
2 I L i MR — B FRE 1K P AR A 17 T o
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Figure 4. Changes in velocity distribution of center line of section 1-1
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Figure 5. Changes of velocity distribution in the center line of section 2-2
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Figure 6. Changes in velocity distribution of center line of section 3-3
B 6. 3-3 Hm L ERmRN HETK

4.2. CLSM R FEIRTEIEE Ni7iE R

(1) A FRE AT IR IR T LR 3 R RNEE A IR AR R IR AN T AT R . TR
L AT MEE s T KT A BE R /)N, O TE A EE A R D TE AR SR R Y T R s R B
AR 7R S ABUR BRI TH, — A& CLSM JRAA AT I 2545 i b5 4 B 1) BEHEE A0 K, — R 4 IR 17
AR RE AR R . BRI R, e ) S e

)25 45 i 2242 25 T CLSM JRARZS 4 R A9 A i B IR 30 77 [l i ™ B, 25 A IR B AR 4k,
FZY, B AN K. CLSM JRAREEENIE D =0.273 m, v=0380m/s %M F, TEL
24250502 0.3 my 0.5m. 0.7 m I N BhIT, 255 BUE 72 5l LU R 2% A1 T ) 864 1) L o
R E R IR T 19.41%. 6.88%. 5.18%, W W.BEE 254 25 M~ A0lky, ) FErgiE 2 . Horh i
WP R K S5 & EE 20 5N 16.26%- 6.43%. 4.92%, 1] WLEEE 258 d AR08, RIS AR Kk 3R
Kb LI, TESRPR TAEN R, Q@R A S B AR D iR RN, N R TE S E
Ak JR B 7K B L

Table 3. Calculation of eddy current resistance of curved pipeline under different flow conditions
=3 TEREFHTEEERRENITE

i E/(mdh) P/ (m3/h) Ap/Pa Aps/Pa Apv/Pa Apb/Aps
80 0.380 178.54 166.57 12.01 6.72%
100 0.475 213.26 178.49 35.04 16.43%
120 0.570 247.35 187.98 59.17 23.92%
160 0.775 335.18 212.88 123.89 36.96%
5. 45ip

AICK CLSM JRARTEZ A (RSB A RAEREAT 7 BB, 2 AR 2] AR LA R
RN EEAMAFEGE . A E AR PR T B NIRRT A

HAAARIT
(1) FEARIFIISTE], A AR AR AU R R SO0 T, MG BE [ o (R S B ST 8 2 T 3 11—
SEFLEAL, AT ARRSIBIRES, MEBOS IR A, RBah &N BA BRI E 2 2 itz

WA B CLSM JRHE Mg, & #m A i A%-A2IRWR), TE EHig n. ieas KRR, 1E
AP L, BT RE DI, B AL BB SHEN, BEREREN, ALK R
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(2) XAFERZIK CLSM JGHAT 7 HERN, 45 REW, RS HR 053, d AR
B, ISAARMEK . FESEPR TR, & EX e B AT A BRI, X IR A ik A T AT
R, ARG E AR FEEA B A B e, 38 S PRI S i BSR4 17 51 A AL 4 1 S
Kok A R A R i A A TR

(3) I P BB AR S RS B TR SO AR I AR S K 25 8 BE T 7% RN K AR I 2%
R RV A P TSR AT X LE 0 #, R Z IR AR ZZ AN IE 10%, 1 B/ P S8 U i AUE
HEALLRE 5 PRSI T 3R B HoR S, BN R AT & TR SEPr.

(4) RABUERIIE, WEIL T RARE S WU AIREE, 45 RERW], RARAE S S BUN iE 5 7
oA I AN R AVINIRFAE, RIS AT T A BE S e . BE KU RGN, B AR R 3
BIR, WRTACKIUR T G BTG B8N BRI, BE NIRRA B, G RETE RS . 7R SERR
TREA, HEPIRERK, BRI OL T, BRI O B S L (R A 75 Sk SR ) S =
AR A7
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