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Fig.1 Grain size distribution curve of unclassified tailings
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Table 1 Similarity ratio design of test model and industrial prototype
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Fig.3 The relationship curve between the solid content and

the amount of washing water at pipeline outlet
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Fig.4 The relationship curves between the amount of washing

water and the pipe length under different flow quantities
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Fig.5 The relationship curves between the amount of
pipe washing water and the filling

gradient under different flow quantities

P 5 AT AL, BEE FE SRR A A BG N, VRS K T =
SO PRBUNAC 7 H A 5% 1 AR [ B, 78 S A £ Y
B 1L PR K BRI N2 15~20 mL « m ', JRAAE
T3 L P R AR A2 AR R RT S A
F . SR, K P48 T A AR 43 5k BE AL TR AR
SEVRE K BT UIPE R o sk A B R 5 R A KR & HE
S I . FR I AT T, KA S Y R X R A K B TH AR
MR T ESE ., UYL BRI K P48 8 & L
s BRI 35 8 K %) PR B 78 A 2 3 I m g . itk
b RS 7K FRFE 1 3 0 B B 7S SRR 2 % 3 0 T U
J BRIAE TR P8 18 7 b S PR K AR IEAHOC, FTiH
FELCNDIEIN 1, K- E M 1« (NP —ND 1,
T2 R SRR AT 328 DR, D) K P A RS AR AL VR A
K EAFE 3G 0 Bl 22 B AR
23 RE(RE)NEEKAENEIE

T 0 H5 A0 e W O o VR A KO o Y s e 2 A
—E R, LU KON 500 em  BE I R B
R T4V R AN TR FE LA AR R R A K H i
CE ) Y 2 R M AN 6 s .

H & 6 T, B A A K A R D A 3, Uk
K R R B D, W 2 Lo min ' B0
F 4 L« min "B, WA KPFEREAR 40 mL + m '
P M 6 Lo min "BEAIFE] 8 L o min AL PR KR
FEREAR 13 mL » m ', BEAS /K FAFE Y AR Bl 2 i 1t
FR 3G NI 98 2% . D DR A 1 O o 5 O TAE DG U R
IR VA8 KON 48 PN Bk 4% 8 A 1 8 1 T /I T e R
N T35 ME VLA RO SR B R AR OF 5 L ST A HE
BN, PR K R T2 0 s A S
A B G K R PR TR W43 22 L - 48 v 4 T 0 DR
T KT 0.55 m « s B VR KRR AR E L ]

K AN O 0L e e % i U DRI 2 O A B
PO 1 s 3.3 W, 7 52 B A8 T8 ¥ 1 I 17 R IE 8 4 7K I
HAMET 1.82 m « s ', DLRREARAY 18 7 Uk VE 4 K

F#E/ (m-st)
0.18 0.36 0.54 0.72
1600 , . , :
m N=4
Q ® N=6
1400f .
I N p=1952.100- R?=0.99
3 .
= 12001
L]
2
& 1000F
ES
800
r=1643.03:" R?=0.98
600

2 1 6 5
#E/ (L min')
E6 ARATERFETHREKAEERE(ME)NEXRTHL
Fig.6 The relationship curves between amount of pipe
washing water and the folw quantity (flowrate)

under different filling gradients

24 BERESBNEEKAENZ N

U 45 R R W1 R i JO0 A K O Y
S BAT —E B R DU I K O 500 cm, FE A
R4 5 S Bl A [ R T R A K T 50k B
IO R I L 7 R

e m@R=4L * min™!
®QR=6L * min™'
1000+ ;
g 1=0.87x+834.45 R*=0.96
o
B 800r
%
i
®
600+ e----@~---®-----9
1=3.70x+741.00 R*=0.94
400 1 1 1 1
70 72 74 76 78 80

BB E 4 %%
B7 ARARETHREKRAESHERESBHXRHLE

Fig.7 The relationship curves between the amount
of pipe washing water and slurry mass

fraction under different flow quantities

FIAT 7 W70 e A8 7K 2 i 3 e o A K
BTG . Ve A ACHE A T8 P R AR AR L 0 2
I B A B B IR SE F0 o AR Y S AR R g AR IR T
RO RO . F ORI TR 0 RO 2 AR R A
FOUREL ] B2 1 SO [4) A A T T3 9/ JBORE [1] 7K 14
TR L JE RS 1 BE = Tt S SR UK B BT R
KT8 W RS T3 05 B A 8 T 2 7 U A K 39 D0 AR



YA LF BRI KRESARTAFRARASTHEBR[]]LF LR E FL,2024,44(6). 185

T 5KRAHER A . AT R R T R 5 B0k
72% ~78% , JE IRV J1 4 30~50 Pa., RF 3 R #L
A B IR T 0 5 1 . DRI R B A A3 BN Bk
KR B/, B T B 206, vE
JKEAKER N 0.35~1.48 mL » m ',
2.5 ZEEHBMESH

TR I 43 BT RE 1 2 22 PR 3R 22 [ S IR 1) i 55
B IE S 51K SR I 40 BT 32 A0 93 FE AT 45 3 2 AR
i 5t 43 RO RS K AR 5 RN

HR A 1 106 43 T 3k 14 20 T, o ST AR v Uk
& R R B SCBBE ¢k SRJE B 45 R R I3 — 1k
VISIIE I S RanR A I ISESSE = 4¢P IS 4R E
BIAE.

TR 2 L FTORESR T 8 B O 2 G K R
A3 91R 0.710,0.822 Fl 0.595,  F ot AT 41, 3 2 % vk
7K BAFE RE WA e R LR R T LAY R B T i 44

W/
3 REAKAEHFAA AR

AT EFE R (R 2 Wl
FHEBERE L ML N A Q MR i 7>
M 1 2 R VA K RS R R AR A K
FH A R 1 A T R AR TE] B9 L 9] 2R 20 o A R I
Aot A8 T AR AL N 3 Tl S B, O A S AR
P g e 7R AT AR

x2 TEBRABRER

Table 2 Pipeline cleaning test results
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Table 3 Comparison of predicted and measured value

of pipe washing water in a lead-zinc mine
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= 1z 3 3

m m m 1

1 3007 4.77 48.31 47.16 0.89
2 5908 6.52 97.43 105.99 1.01
3 6668 5.90 111.47 114.60 0.97
4 7286 6.43 136.84 129.94 1.01
5 7586 6.55 121.39 136.37 1.02
6 9416 7.59 176.77 180.34 1.08
7 10159 7.32 186.49 186.75 1.04
8 10173 7.33 189.62 191.94 1.07
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Fig.8 The amount of the pipe washing water under

FEIHRE &

different pipe lengths and filling gradients

TEEEWE RS BA LML T . LUK 8 vk
K S B R . BT X TR R )AL Y R
DX 8 B A KR DGR IR A G T BEROR L W AT

4 Hip

BE T AR ARURE B R B, R A ) A TS U I T R
0 E PR KT R B SR, 5 TR
SEBR UG o SR FHAT L S E A 46 0E 16 45 2R A T
BERYRY Al SEME 48 VRS K B A s A, 45 1 L
TFRELS®.

(1) PR K &5 e 8 E (R B Z [RIAF7E [
BIREI=F(N.Q.M).1 2} 0.87~1.60. % R %
Wt FE LR A FORE R J5 d 43 i o i 1 An L B R A K
FIRJ L et 0 T AR AR

(2) &8 7K UL X Bk A8 7K B FE 0 5 el B o
. RBPRENTF 0.55 m « s B, TRESCBR P
THE/NT 1.82 m « s A, PEAF K BY R S5 /N TR
B JE RN Ty R A R Z I A
TH UERBOCR B

(3) 38 3o B30 #E S 0 01U 43 A b T VR K
PSR RL, O S 0L R 52 B0 1L Uk 48 /K R i
THE B B . BE X = B SRR SE PRI AL AR
HSPEE KR 150 m® « bt i, 4538 3 vE R
] 0.5~1.5 h, Pe A& K Iy 80~220 m’,

2 % LK (References) :

(1] Al 20, 20 S5 LU A S 090 B IR R R S
AYELT A LW 51K ,2023,43(4) :18-22.

YU Jian, LI Hui, LI Hao, et al. Technical transformation

of paste filling system of main-western ore body in

Chambishi Copper Mine [ J ]. Mining Research and

Development,2023,43(4) :18-22.

[2]  AJesl, ™ E b i 0B SO s KO8 B 524 78 B R
PERERFIT (I 0. 07k % 4 5 PR 44 . 2020, 47 (6) : 32-36.

BAI Longjian, YAN Guochao, YANG Tao. Study on

properties of composite filling material of fluorogypsum

modified high water fly ash [ JJ]. Mining Safety &

Environmental Protection,2020,47(6) :32-36.

(3] Z=mMH,skHr I, 504 A B R R A S AR
W5 BN UL ZR B R 2 4k (A AR B 0D, 2011, 30
(5):22-25.

LI Xiangyang, ZHANG Xinguo, CAO Zhong, et al. Study

and application of washing technology for filling pipelines

with full pipe and self-flow pastes[ J]. Journal of Shandong

University of Science and Technology (Natural Science) ,

2011,30(5) :22-25.

[4] YIN Shenghua, SHAO Yajian, WU Aixiang, et al. A
systematic review of paste technology in metal mines for
cleaner production in China [ ] ]. Journal of Cleaner

Production,2020,247(2) :119590.



YA LF BRI KRESARTAFRARASTHEBR[]]LF LR E FL,2024,44(6). 187

5 un, “henguang, ixing, et al. 4 AL Taheri, oallem. comprehensive
[5] YANG K WU Cheng g, YUAN Yixing 1 [14] JALAL Taheri, MEHRDAD Moall A prehensi
Application of virtual instrument technique in data review of in-pipe robots[ J]. Ocean Engineering. 2023, 277
acquisition of gas-water pulse pipe cleaning experiment[]]. (6):114260.
Adv Intell Soft Comput,2012,144(1):465-470. [15] MICHAEL Kauffeld, SEBASTIAN Gund. Ice slurry-
[6] HE Nana, LI Taofei. Study of an environmentally friendly history, current technologies and future developments[]].
oil pipeline cleaning technology based on self-propelled International Journal of Refrigeration,2019,99(3):264-271.
intelligent robot[ J] Journal of Physics: Conference Series, [16] SRTFEGLTE, FHE. 2 LT BRERUBNEDE SR
2020,1651(1:012098. TR ARACLI]. TRBL 22 4] ,2019,41(8)  981-986.
5 - A - PR NE SO Y B 2% X 4
C7T B, B BRILIR S5 AR AT i B A A B e 2 e L. WU Aixiang. RUAN Zhuen, WANG Jiandong. et al.
y N i _
HOKHAR 2019, 38 ] 2) :78-82. Optimizing the flocculation behavior of ultrafine tailings by
ZHAO Xin, YAN Qi, CHEN Weixing, et al. Research ultra-flocculation[ J]. Chinese Journal of Engineering, 2019,
progress on clean technology of water supply pipeline[ ] ]. 41(8) :981-986.
Water Purification Technology,2019,38(S2) :78-82. (177 S RE, LM, T 0, 45 52 1 ) g 3 75 1K 070 25 M ik 3k 0
8 YANG Jingd . JI Shouh . Stud i 2 o Tl A i
8] Jingdong, JI Shouhong. Study on cooperative JBLILAR B LI .o A 29 C AR 201647 ()
treatment of natural gas pipeline cleaning wastewater and _
2752-2758.
membrane module [ J]. IOP Conference Series: Earth and . . o
WU Aixiang, AI Chunming, WANG Yiming, et al. Test
Environmental Science,2022,1011(1):012025. .
and mechanism analysis on improving rheological property of
[9] ZHANG Ruiyao, LI Jun, YANG Hongwei, et al
paste with pumping agent [ J]. Journal of Central South
Experimental study of the critical sand starting velocity of
University ( Science and Technology ), 2016, 47 (8 ).
gas-water sand flow in an inclined pipe [ J]. Petroleum
. 2752-2758.
Science,2022,19(6) :2981-2994.
) . N N e [18] YU Ming, CECI Alessandro, PIROZZOLI Sergio. Reynolds
[10] B AL S0 F U B 0 W A 1 B 9 5 1 ) ¢ o
CIT Ll A B ,2012(2) 2 152-153. number effects and outer similarity of pressure fluctuations
WANG Wei, ZHANG Liweis ZHAO Zhonghui. Research and in turbulent pipe flow[]]. International Journal of Heat and
application of efficient cleaning technology for filling pipeline[ J]. Fluid Flow,2022,96(8) :108998.
Shandong Coal Science and Technology ,2012(2) :152-153. [(19] HAO Yuyu, LI Shugang, ZHANG Tianjun. A gas
(117 22 k2 e i o ik B AR BF e B (). 2618 4 migration law study of a large-scale 3D physical similarity
2008(4) :7-9 simulation with an adaptive Kalman filter algorithm [ ] ].
JI Xuewen. Research and application of paste filling pipeline Assembly Automation,2022,42(1):126-133.
flushing technology[J]. Yunnan Metallurgy,2008(4) :7-9. [20] ZHA Yunfei, MENG Xianfeng, QIN Shuaishuai, et al.
[12] JIANG Lichun, LAI Xiwen, JIAO Huazhe. Concrete Performance evaluation with orthogonal experiment method
relative velocity prediction to prevent mortar segregation for of drop contact heat dissipation effects on electric vehicle
safe gravity transportation [ J ]. Alexandria Engineering lithium-ion battery[J]. Energy,2023,271(5):127049.
Journal,2020,59(6) :5155-5164. [21]  FEUL, B/ E M, 55 4 R 0w vk 2 e 25 78 3 ih 34 4
[13] WANG Hongjiang, WANG Xiaolin, WU Aixiang, et al. A B[] TR 244 . 2021,43(2) 1 215-222

wall slip pressure gradient model of unclassified tailings
paste in pipe flow: theoretical and loop test study [ ]].
Journal of Non-Newtonian Fluid Mechanics, 2021, 298
(11):104691.

WANG Hongjiang, WANG Xiaolin, KOU Yunpeng. et al.
Loop test study on the high-concentration cemented filling of
full tailings[ J ]. Chinese Journal of Engineering, 2021, 43
(2):215-222.

Washing Water Calculation Model of Long-Distance of Ultra-Deep Shaft Filling Pipe
BAI Longjian'*, WANG Shengkai®, WANG Yongbing® , WANG Hongjiang'*, YAN Qingwen®, CHA Qianghua®
(1.School of Civil and Resources Engineering, University of Science and Technology Beijing. Beijing 100083, China;
2.Key Laboratory of Ministry of Education for Efficient Mining and Safety of Metal Mines, Beijing 100083, China;
3.Yunan Chihong Zn & Ge Co., Ltd., Qujing, Yunnan 654212, China)

Abstract; Clean filling pipe can not only reduce the resistance along the paste transportation, but also avoid the occurrence of
pipe blockage accident. In order to study the influence of pipe length. filling gradient, flow quantity and slurry mass fraction on
the amount of pipe washing water, a self-made filling pipe cleaning test device was used to carry out pipe cleaning test. The
results show that there is a proportional coefficient I between the amount of pipe washing water and the volume of the washed

pipe, which is 0.87-1.60. The amount of pipe washing water increases linearly with the increase of pipe length, increases in
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power function with the increase of filling gradient, decreases in power function with the increase of flow quantity, and
decreases linearly with the increase of slurry mass fraction. There is a critical value for the flow rate of pipe washing water.
When the shear stress of pipe washing water on the residual paste in the pipe is equal to its yield stress, the washing water is
converted from laminar flow to turbulent flow. Based on the proportional coefficient I, the pipe washing water consumption
calculation model constructed by the model test was extended to the industrial prototype, and the reliability of the model was
verified by the measured data. The prediction error of pipe washing water is less than 10%.

Key words: The amount of pipe washing water, Filling pipe, Pipe cleaning, Calculation model, Critical velocity





