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Table 1 Chemical composition of total tailing

400

Chemical composition Mass fraction/%

Pb 0.86

Zn 1.03
S 11.44

Fe 14.25

Si,04 29.63

AlLO; 5.70

CaO 15.28
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Fig.3 Picture of slump test

68 69 70 71 72 73 74
Mass fraction/%
B4 ARG ARG RS BO0 B vk 2 52
Fig. 4 Influences of different bubble rate and mass fraction on

slump
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Fig. S5 Influence of different bubble rate and mass fraction on viscosity at different shearing rates: (a) 68%; (b) 70%; (c) 72%; (d)
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2 Influence of different bubble rate and mass fraction

on viscosity when shearing rate is 60 r/s

Mass fraction/% Bubble rate/% Viscosity/(Pas)

68 0 0.17
68 10 0.16
68 20 0.07
68 30 0.02
70 0 0.3

70 10 0.21
70 20 0.09
70 30 0.05
72 0 0.36
72 10 0.22
72 20 0.15
72 30 0.12
74 0 0.52
74 10 0.34
74 20 0.28
74 30 0.23
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Table 3 Proportioning scheme of filling slurry

Sample Bubble  Cement sand Mass Density Compression strength/MPa Viscosity
No. rate/% ratio fraction/% /(kg'm™) 7d 28 d Slump /em /(Pas)
1 0 1:6 72 1869 1.09 1.77 22.7 0.36
2 10 1:6 72 1836 0.91 1.65 242 0.22
3 20 1:6 72 1820 0.87 1.51 25.8 0.15
Sample 1 is used to compare with sample 2 and sample 3.
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Table 4 Initial condition of model

Studied

Back filling

Bubble

Density/

Viscosity/

Velocity at

caseNo.  ability/m*h™")  rate/%  (kgm”)  (Pas)  inlet/(m-s ) Flow state Computational model
1 60 0 1869 0.36 2.34 Laminar flow Laminar
2 60 10 1836 0.22 2.34 Laminar flow Laminar
3 60 20 1820 0.15 2.34 Turbulent flow Standard k—¢ model
4 70 0 1869 0.36 2.72 Laminar flow Laminar
5 70 10 1836 0.22 2.72 Laminar flow Laminar
6 70 20 1820 0.15 2.72 Turbulent flow Standard k—¢ model
7 80 0 1869 0.36 3.1 Laminar flow Laminar
8 80 10 1836 0.22 3.1 Turbulent flow Standard k—¢ model
9 80 20 1820 0.15 3.11 Turbulent flow Standard k—¢ model
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Table 5 Resistance of different studied cases
Studied Backfilling Bubble Inlet pressure/ Outlet pressure/  Resistance / Self weight Self-flowing
case No. ability/(m>h™")  rate/% MPa MPa MPa pressure/MPa transportation
1 60 0 0.39 —-3.66 4.05 3.67 No
2 60 10 0.25 —2.07 2.33 3.60 Yes
3 60 20 0.31 —2.68 2.99 3.57 Yes
4 70 0 0.48 —4.45 4.93 3.67 No
5 70 10 0.29 —2.80 3.09 3.60 Yes
6 70 20 0.39 -3.43 3.82 3.57 No
7 80 0 0.54 -5.10 5.64 3.67 No
8 80 10 0.57 -4.95 5.52 3.60 No
9 80 20 0.49 —4.28 4.77 3.57 No
6 MPa, FEARLLBIZI N 34.8%, 4505 4.1 A il
153 B8 R FEA — 5L,
5t WS 1NN IR (=05 m) 25 BRI (y=x)
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Fig. 7 Resistance under different bubble rates and backfilling

abilities

32 LEDW
321 FRSoHr

CAHTRERE /NI T 56 2(R00%F 10%, Tt 60
m’/h) A G A A R AT T . 3 A A
EnEWmE 8 fior. strnlfd, SE 027K
Ko ULHPEIRAEAS B AR A K. B AR N I
AR RIS AT, LERE NS R RS A
5y, ARANEKEL, HORAeREBEE OB
ENNEE, AN L. FOEEER ) ZEHE, B
TN O B 1 B B A

DABEALA S 1 AN ], KA,
(K14 RAE G 138 6. /T3 10%, it 60 m’/h
IS} 25 44 KB BH 1 /N K 0.00322 MPa, B/ HLE ) 0%
WP IS A PH S 0.00494 MPa Ji/> T 0.00172

FIH T (x=0.5 m), BF50H D4 E 1 H i AR
WG, Wl 9 Fron. bl dn, EIE N A I E
BT O ) N WA, T TE A 0 RE A R P
Ko R B 453
322 HESHT

AT AR

|
=—pv 9
Py=5p ©

Kt p, NI p R v M. MEE—E
i, BRI 2 O fediui .

X5 % 20K 10%, i 60 m/h)If 55 1 AN
AL TRAMACHE TS BUEAT /30T B 10 TR R 5 1 AN
WE R S < . B 10 w140, 3 AR ik
BAFEARRR — B, TE bR K EZEIEF] 0.012
MPa, BHJZZIER] 3.6 m/s. HI T3 (1 5 R 1 K4 5%
TR R [ A RSORL I AN FH 2 A A AR &0 [ A Rz (7] )
ST, S EORAREOMOR R AR DT, AR Ak
WA, ERIEE . TIAh, RO R R A AR T
ERER PG TR, BEEERH MK, 55 I S T P B
A, RSB R WK 10 Fis, 42558 A0
B, NN e R ARG K, 0 S R RE N s ),
5 Ty 3 NS A AT IR B

PR 1 AN LI (0=0.5 m). 5 #EH (=x)
R I (x=0.5 m)BIF 50 0 A4 1o A 6 1 2 1 b )



526 & 8 I

Wi B, SF JIREDIE WORVEHKER B MR PR IY CFD BN

1789

AL, AR AE 11 fros. HE 10 nA, EIEN
PO A E RO BN T W, &
P (B S R I, 3 R B R B AT R R
WA B R, Rl e i A T4 25 b

1.5

W] () Total press;;re/kPa

12

11
10

9

1.0 8

7

6

E s
. 3
2

0.5 1

0

x/m
-79.5

(©)
Total pressure/MPa

NALE, b 3.8 m/s: M ERIER T 3 mvs it AR
LR B 2 1 XA B R, I HER T
EEAN N, A TIES Y E . e
T4 ms, T TE R K

0
(b)
Total pressure/MPa
-0.5r
&
~
-1.0r
-1.5 L L
699.5 700.0 700.5 701.0
x/m

B8 E2H 3 AR LE
Fig. 8
elbows in case 2: (a) Ist elbow; (b) 2nd
elbow; (c) 3rd elbow

Total pressure contours of three

701.0 701.5 702.0 702.5
x/m
F6 JIHE 2P AEEAIE T
Table 6 First elbow pressure analyze of case 2
Studied case No.  Backfilling ability/(m*>h ')  Bubble rate/%  Inlet pressure/kPa  Outlet pressure/kPa  Resistance/kPa

1 60 0 6.89 1.95 4.94
2 60 10 5.78 2.56 322
3 60 20 6.07 2.09 3.98
4 70 0 9.25 1.96 7.29
5 70 10 8.75 5.01 3.74
6 70 20 7.65 3.35 4.30
7 80 0 10.91 3.65 7.26
8 80 10 9.84 3.26 6.58
9 80 20 9.71 4.44 527
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Fig.10 Dynamic pressure and velocity contours of first elbow in case 2: (a) Dynamic pressure contour; (b) Velocity contour
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Fig. 11 Velocity contours of first elbow vertical surface in case 2: (a) 3D velocity contours of first elbow; (b) Inlet section (y=
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CFD simulation of transportation properties of W type and long
distance pipeline for foam slurry backfilling

CHEN Xin, SHI Xiu-zhi, ZHOU Jian, QIU Xian-yang, LIN Xue-fei

(School of Resources and Safety Engineering, Central South University, Changsha 410083, China)

Abstract: A three-dimensional model, W type and long distance backfilling pipeline transportation model was developed
by the computational fluid dynamics technology (CFD), which was used to study the pipeline transportation properties of
three-phase flow foam slurry. Based on the laboratory slump and rheological properties test, the pressure and velocity of
pipeline and elbow were studied by CFD under different ratios and backfilling ability. The results show that, the
three-phase flow foam slurry can effectively reduce the pipeline transportation resistance and has better liquidity than
ordinary slurry. Furthermore, at the elbow, the maximum pressure and velocity transfer to the lower side of the pipe from
the pipe center, and the maximum velocity is 3.8 m/s, meeting the stability requirements. The best proportioning scheme
is the bubble rate of 10%, the cement sand ratio of 1:6, the mass fraction of 72% and the backfilling ability of 60 m*/h.
The resistance at pipeline and elbow are 2.33 and 3.22 kPa, respectively, and it can realize the self-flowing transportation.
CFD technology is good at providing intuitive and accurate basis for pipeline transportation research, and would have a
wider application space in the study of fluid rheological properties and resistance reduction methods.

Key words: foam slurry; W type pipeline; long distance; transportation property; computational fluid dynamics; bubble

rate
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