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Table 1 Parameter values of affecting factors and parameter of slurry

Backfilling times line, N Pipeline diameter, D/mm

Slurry concentration, ¢/%

Density/(kg'm °)

Viscosity/(Pa-s)

3.0 90 65 1888 0.1259
4.0 100 68 1956 0.2526
4.5 110 72 2002 0.3675
5.0 120 75 2068 0.5283
6.0 130 78 2155 0.7494
L1 kR
K R R I I Veloity
Kok, EEREERIIEDY, AN, R R0 5
R R bk s AT T
ST, AT LA B ORI, T ST pressure
LA 8 A S B R T O s e ) W  outlet
B 1 FedEMGLN 4 1) L IR EEAY

w=F /ZgD% 8]
1

Kb [N SRIERR AR E RN A SIKEA LM R
A XBM1.2; g NEITINESEE, m/s; p, NiREE
MEE, vm’s  p NHENEBAECK) B .

Bl AR P I SEBRIATEE v i T 5

40,

"= 3600nD? @)
X O NRIERK TR, BN 90 m¥h; D A7IA
EIEMLRER, m.

HASER 130mm 2 G SEPRATE /N T iIm 5
T, H X L BB A NS H R AT R T
PRI 51 5

2 FLUENT ¥{EERIpIESL

PAFR 1 B MR T S Rb e ST A SRR R, AR B
W SEBR L gE, R TR T IR R UK,
UL RS EER I0E B R -320 m H LR -400 m
B s BT /00, BT 3D A MA%E H
W%, RHEEBURFEAZMEN, 7RHEE AR
KR LAt B4R A o sE bR 1/5. Mg L RS REE
EHE RS, WE 1R,

2.1 JUREISH

HilEmiE 16 m, BELHMFELEHN0Sm, ®E
HEESHY, WETHE, X, ZFEMHEL
4 FLUENT #H T4

Fig.1 L type pipeline with backfilling times line of 4

2.2 FLUENT Z§|75%2

Bl CFD HHHEFFEESME MEE . AEET
5, HEBENKTUEERAN, BEEA A DR
H, ESVERE. SRR TR
P, diviony) -
—* div(p,v) =0 (3)

X OAITE; p NTEHRLRINE L v TR R
FEEE PR EIRSE; RUGRA TSGR 2 ik, &
JERTH LIS T R AL A

u v ow_, (4)
ox 0oy Oz
XA ue v ow NEEREN x. py 2 HHHY 3 ANEE
[ 53 5 s
du 1 oF o*u o*u dtu
— =Xt Y| —+—+—
dr p Ox ot ot ot
2 2 2
d_u:},_la_F u 6_2‘+a_12‘+a_’; 5)
de p Oy ox® oy° Oz
du 1 oF o’u o*u ot
—=Z———+ Y| —+—+—
de p Oz ot ot ozt

K xv y z RRMRTOTAE xv y z HABIE T F
RTINS 1w RTRIERIR R .

K v F, W '
+—=+—=+h 6
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2.3 FLUENT &E

TH SRR SR AR K B TR D SR R I O
(Pressure-based), A B aN R T W ECRVEAN
T E AR, 24 R.<<2300 I, %3¢ Laminar
TR R >2300 I, EFEIFEREMEL . SRR
[¥] k-epsilon THEBAIT, e i 7 B 4 & SR AT
AN Simple.
R, = po (7)

U

X p AFTEHRIRERE, kg/m®; V NFEHURIIRRE,
m/s; D AFRIAE R EAL, m; u AFRRIARKEE, Pass.

3 HFEREDH

¥ 25 HRkge st Sy AR ) WERERE 40k

%= 2 Fluent I 4E R FE

Table.2 Fluent simulation results

L KRR vHT 3 2.

3.1 FESH

AR IE A IR IR AR G, 38 F 7 22 4 ek e 4
AT, HRISRERERE, AL3RR, H
B Foo(4,12)=5.41, Fy5(4,12)=3.26, 47 F>Fon(f fo)s
ZRERRERE, ERTRRU* B Foolf, f)>
F>Foos(fi, fo), MR R R, FRombL*s B F<Fyos(f, /o)
S ZNASENTE

32 BURESH

N T FIRAE (N FEIERD) PRI
(¢) 3 MHEFREAWFEI B Py BRFE viax 5
TR, X BRI EATIRZE T, T E R
* 4,

WHEERY, RHEERD). RHELWN).
WRPE ()RR A5« S AT S ML R 5 ey FE
Fo BUBVERE, SHERERH IR A S RE B Y 7R
HEAR(D) > FURIRE (o) > TR AT L (N) -

Studied Factors Inlet pressure/  Outlet pressure/ Resistance/ Maximum flow
case No. Backfilling Pipeline Slurry MPa kPa MPa velocity/(m's ™)
times line, N diameter, D/mm concentration, ¢/%
1 1(3.0) 1(90) 1(65) 0.324 2.263 0.322 4.56
2 1 2(100) 2(68) 0.331 0.978 0.330 4.32
3 1 3(110) 3(72) 0.148 0.161 0.147 5.15
4 1 4(120) 4(75) 0.143 0.124 0.143 4.34
5 1 5(130) 5(78) 0.142 0.098 0.142 3.71
6 2(4.0) 1 2 0.613 1.560 0.612 5.28
7 2 2 3 0.276 0.164 0.276 6.30
8 2 3 4 0.261 0.119 0.261 5.19
9 2 4 5 0.196 0.140 0.196 4.33
10 2 5 1 0.095 0.297 0.095 2.50
11 3(4.5) 1 3 0.469 0416 0.469 7.77
12 3 2 4 0.430 0.372 0.429 6.31
13 3 3 5 0.405 0.483 0.404 5.17
14 3 4 1 0.156 0.888 0.155 2.88
15 3 5 2 0.078 0.088 0.077 3.74
16 4(5.0) 1 4 0.716 0.446 0.716 7.81
17 4 2 5 0.658 0.332 0.658 6.32
18 4 3 1 0.247 1.260 0.245 343
19 4 4 2 0.419 0.160 0.419 4.37
20 4 5 3 0.118 0.095 0.118 3.72
21 5(6.0) 1 5 1.187 0.503 1.187 7.77
22 5 2 1 0.454 1.990 0.452 4.12
23 5 3 2 0.194 0.100 0.194 5.19
24 5 4 3 0.191 0.111 0.191 436
25 5 5 4 0.196 0.061 0.196 3.71
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Table 3 Variance analysis of resistance loss P, maximum flow velocity vy
Sou.rce of DEVSQ Degree of Square su‘m.of mean F 7, Significance
variance freedom deviation
Factors P Vinax Plvpax P Vinax P Vinax Plviax PlVmax
N 0.190 2.06 4 0.048 0.514 11.27 9.61 Fo01(4,12) **
D 0.895 30.48 4 0.224 7.619 53.02 14241  Fy01(4,12) **
c 0.245 15.11 4 0.061 3.778 14.52 70.61 Fo01(4,12) **
Error e 0.051 0.64 12 0.004 0.054
Sum 1.382 48.29 24
F4 WMEIE
Table 4 Range analysis
Backfilling times line, N Pipeline diameter, D Slurry concentration, ¢
Parameter
P Vinax P Vinax P Vinax
ky 0.217 4416 0.661 6.638 0.254 3.498
ks 0.288 4.720 0.429 5.474 0.326 4.580
ks 0.307 5.174 0.250 4.826 0.240 5.460
ky 0.431 5.130 0.221 4.056 0.349 5.472
ks 0.444 5.030 0.126 3.476 0.517 5.460
Range R 0.227 0.758 0.535 3.162 0.277 0.880
P D>c>N
Sensitivity - DeesN

3.3 BERSH

D53 HT 5 e DR 20T 78 T T IR AR 1Y) FR A
H, 8563 4 B TR XS B A5 IR 1 F IR AE B A4 2%
B KR P IE ks [T ER , 2 552 R &R
Al IR . BE ISR A OC R W1 2 s o

ENE AR R0 R R SUTFER e B
BRI R UK 5 frail.

A LAE Y, FAE RS P AR L R 4 BliA
) 0.948. 0.976. 0.943; 5 vy, FILE AR SE R R
39179 0,926 0.996. 0.993, AEBCRIRLF .

CREE 2 R 2O R KK S R R EOCR, 1)
RS EP

1) AL SR IR BORRIE K R

FIEAE L N 5T R P 2 (AN ARZE M 1A
5%, BAETEIHMG LN 3.0~4.0; FEIHMGL N 5ETRHE
Vinax Z AR RONARR AR DGR, RIEBLN 4.5
B, BRI v BB, RIHGLKT 4.5 1,
R RTEIRDN, ARRITERE LIS R, AR, 7=
HRESER, IR N A 3.0~4.0 .
2) RIEERGIRR L. BOKRECR
RIER D 5E BT IR P2 B e 50

IREREL, W E R RO NEFRBR 1R, D<110
mm B}, ZBIERG A, 24110 mm<D<<130 mm K,
AR RN, B AR K E] 110mm Ji5 gk 823 K %
RIS R R A 2, D=130 mm, KAV,
FIHE RN RMIBUEN 110~120 mm; B RTE Vi
BRI D SRS, ARV, IE
ERIERMIUESA 110~120 mm.

3) FREKE SRR BRIE IR

ETEVTFERE 340k P B AR 2 B FE ¢ B3GR
MK, 4 c>T72%H0F, BAE AR RARK, 75380
B, DAL IR E NN T 72%; ESH c 5
RIIE Vi IR RN A, ¢>72%
I, AR AN, BRI BN T 72%0T,
PR/ I B S0 PR B R R 3, A ¢
R FEUE VLN 65%~68%

Xf FIRGERAT R EL AT, 45 IR 6 frdl.

MRPEE AR L bR 2 AU AR 7RI
BRI, e KA 4.0 m/s!, KX 8 AN A
BHATRIGRLS, SRt Rk 7 prgil.

WK TERT 4 m/s 58 3. 6. 8 VIR,
TS AAEESHMAE .
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’ N ’ D/m
37 0.58
52t B 2 HHEFHEKRME. EFEHHR R
47 048 E A
i <
¢ =¥ Fig. 2 Relationship between various factors
g 42 038 = & P
T 37| Y and maximum flow velocity, resistance loss:
19 0.28 (a) Backfilling times line, N; (b) Pipeline
diameter, D; (c) Slurry concentration, ¢
2.7 0.18
65 68 72 75 78
c/%
F=S5 WERRK
Table 5 Equation of fitting relational
Vriabl Correlation Correlation
. ¢ Fitting formula of P coefficient of Fitting formula of v, coefficient of
relation
P Vmax
N-P,v  P=—0.005N>+0.0437N*-0.052N+0.2352 0.948 Viax=—0.1027N>+1.2424N*~4.5088N+9.5243 0.926
D-P,v P=0.9507¢ %P 0.976 Vinax= 0.0007D°—0.2418D+22.301 0.996
c—P,v P=0.0006¢"-0.1273¢*+8.9049¢—207.1 0.943 Viax=—0.0203¢>+3.0495¢—108.91 0.993

F 6 AFHIGINRT R

Table 6 Optimal results under different discriminating factors

Factors Pipeline diameter, D/mm Backfilling times line, N Slurry concentration, ¢/% Order of influence
P 110-120 3.0-4.0 <72 D>c¢> N
Vinax 110-120 3.0-4.0 65-68 D>c>N
Optimal value 110-120 3.0-4.0 65—68
®T RKFEG L
Table 7 Statistics of maximum flow velocity
Studied Backfilling times Pipeline diameter, Slurry concentration, Maximum flow Reach
case No. line, N D/mm c/% velocity/(m's ') requirement
1 3 110 0.65 3.45 Yes
2 3 120 0.65 2.92 Yes
3 3 110 0.68 5.15 No
4 3 120 0.68 3.29 Yes
5 4 110 0.65 3.44 Yes
6 4 120 0.65 4.87 No
7 4 110 0.68 3.66 Yes
8 4 120 0.68 5.13 No
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AT 200 mm, SCER[14]9 B R IGER B : KEPEE 1:6
(1953 BB R B SRR SR R IR IR, i UE
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UE BB 0 B R T 0 2 65%~68% 2 G EL 1. [F]
B, SCHR[11FI[8]3R IATE R S5 i PRk R . Fudsifs
5 N E N W NTEN I VAR AN K= R 68 N RN
SR RBAREE 45— 8, X MIGE T SRS ) 1E
HtE

5 BARRE v HBEIHFIER
Cvaha

SCHR[101AN[12]45 838 e K P AR AR LT 25
AL T R R IR A A T R A SRR
VAU R T B A b T, (EL R A FE X 5 THI
WHRSCR LD, HT CFD R, L& 3 AFemi
R ATGRORE Vi IR R

FEZR 8 HHEA b L PR ARE Y -

Vimax = % +a1N3 +a2N2 +a3N—i-a4D2 +a5D+a602 +a,c
(®)
A aps ais aps o ar THINFER R
WA 3 RS E . KM Minitab FPEx5 K
TE v 5L N RIEE HAE D FUEIRE ¢ 1)
TN R BEATBUE 0 M, ATAR BT R RER N

=-86.9-0.103N> +1.24N> —4.5IN +

vmax -
0.000747D* —0.242D —203¢* +305¢ 9)
N HTRT AT O FF SRR, BRI ) )y 22
TR 8, RHFIHERRN Sss ¥ITTERIRN Sz )
BRI E RBE RN Py Sy R=S,n R-S,(1%)
RIS TR A R MR, 515 $=0.480362,

®9  HONUUETNR

Table 9 Predict maximum flow velocity

2019410 A

x=8 EM
Table 8 Analysis of variance

Sou.rce of degree of S My F P

variance freedom

regression 7 47.2737 6.7534 2927 O
Residual error 17 3.9227 0.2307

Sum 24 51.1964

R—S,=92.3%, R—S,(Ji%)=89.2%.

IR KIE Ve 5 FRIEAE LR Ny RIAE HAE DS
JREIRSE ¢ M0 g5 F T LUK

1) MRS RPN 923%, HIFEK RPN
89.2%, IXPHAMEHR R I B KIIE v (1) 5158
HARILA RCRAR LS s 77 20 R R i) P AE(0)/N T 0.05
EERFESHTH) P 1E(0.524) KT 0.05 SoRitblm] H i 2
WABRLE o KFHN 0.05 B EABES R
1, R DA B R AR R RSy, AT SR AR A b T
R E Vina o

2) BKIUHE vinax S RIARG LR N RIAE EAE D
JREIRE ¢ MEUE LG TR ZE EA M E ] UG ik 2
MR MIEZS 5 A il 3 Fr(E AP 4 Anderson-darling
IEASIE 67 A 2 25D -

99

Percentage/%
(o))
>

1509 06 03 0 03 06 09
Residual

3 TR AR 2 A
Fig.3 Residual of predictive model

fERE 2R R (8), XFRIMRA 5 LEHS
B ulae 45 Rt AT Rk

Maximum flow velocity

Studied Backﬁlling . Pipeline Slu@ Theoretical Actual analog Differential
case No.  times line, N diameter, D/mm  concentration, ¢/% . . 1 .
calculation/(m's ') value/(m's ) analysis/%
1 3 110 0.65 3.21 3.45 6.97
2 3 120 0.65 2.51 2.92 14.13
3 3 120 0.68 3.56 3.29 7.6
4 4 110 0.68 4.26 3.66 14.07
5 4 110 0.65 3.21 3.44 6.71%
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6 SEflsrHR
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Fig. 4 Velocity cloud picture of whole pipeline(a) and cross section of elbow(b) (y=x)
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Fig. 5 Total pressure cloud picture of inlet(a), elbow(b) and outlet(c)
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Fig. 6 Dynamic pressure cloud picture of whole pipeline(a) and cross section of elbow(b) (y=x)
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Fig.7  Elbow of deep backfilling pipeline
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YT, GBS T a AT B2 DL FE B 4k P
B LA B R IEFE e AFDNR RIS, BURMESS N
D>c>N, 75 Z N R R T SRR, 4
EBEXI fooss foor 5 FEXTEL, BT R0 LHTFERH /745
K Py BKIUE v HHF RS, =R B2
JF &N D>c>N, 3 AHRIIT0E &R,

2) DAL HYVEE IR R T R R, UK
WP LG 1:6 FIARIERDHONIT TN &, MR FF IR O N
90 m*/h i, WFFL T 3 AR AR FIRFEBL 14 2k
TR R S RRAER IR L N N 3.0~4.0,
JRE S e BUE 65%~68%, IAEFRIEE R D N 110~
120 mm, S8 T RO EE, fRETRIEHR T 5 HEfE
ERT

3) UL CFD Bflikas AdEat, JHah & EE i s
B BROET R T R, e eAIE
TR, ZERAIE 15%LLF, Tl REdr, nre
FH SR I e R, 5%oF T ) B e AL A2 7536 2 78 3
BOR, T REENSHMIERE SR L.

4) BFFERR AL AT LA T 78 B0 W 2 50 A
MR IR, TUEIRE IR PRt
SR, BT LIS T S KIS, TR . RS
T8 IR SRR R S HF .
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Parameter optimization and transportation characteristics of
backfilling pipe network based on CFD

ZHANG Zong-guo, SHI Xiu-zhi, LIN Xue-fei

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

Abstract: The orthogonal experiment and the computational fluid dynamics technology(CFD) based on three influence
factors including backfilling times line(V), pipeline diameter(D), slurry concentration(c) were estimated, which was used
to study the parameter optimization of backfilling pipe network and the transportation characteristics of backfilling slurry.
And then, the test results of 25 groups were analyzed by the means of range, variance and regression analysis, and based
on numerical analysis, the formulation was established for predicting the maximum flow velocity. The results show that
the sensitivity, the significance degree ranking of the resistance loss and the maximum flow velocity all meet the
relationship of D>c¢>N, all of these three factors are significant. The best proportioning scheme is the backfilling times
line N of 3.0—4.0, the pipeline diameter D of 65%—68%, the slurry concentration ¢ of 110—120 mm, after screening, the
five combinations left in the end. The effects of three factors on resistance loss and maximum flow velocity were studied,
and the formulation was established for predicting the maximum flow velocity. The prediction model is valid by verifying
with the five groups, and the difference between the calculated values of the model and the experimental simulation
values is below 15%.

Key words: filling method; computational fluid dynamics; backfilling pipe network; numerical analysis
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