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Research on Wear Law and Pressure Regulation and Wear Reduction Technology of Filling Pipeline in Ultra-Deep Mines
Wang Bin', Shao Zonghuang', Xiao Lei', Li Wu', He Zhujun', Li Yonggan', Tian Rui®
(1.Huize Mining Branch, Yunnan Chihong Zn &. Ge Co., Ltd.. Qujing, Yunnan 654211, China;

2.Kunming Metallurgical Research Institute Co., Ltd., Kunming, Yunnan 650031, China)

Abstract: To address the problems of flow velocity runaway and wear risk caused by high potential energy in slurry filling
pipelines of ultra-deep mines, the ANSYS numerical simulation method was employed to systematically reveal the influence
mechanisms of coarse aggregate type, mass concentration, flow velocity, and pipeline geometric parameters on pipeline wear.
An innovative two-stage pressure regulation and wear reduction technology was proposed. The results indicate that the coarse
aggregate type has a limited effect on the pipeline wear rate, with the water-quenched slag-based slurry exhibiting the lowest
wear rate. The slurry mass concentration is significantly negatively correlated with the pipeline wear rate, whereas the slurry
flow velocity is linearly positively correlated with the pipeline wear rate. Among the pipeline geometric parameters, the bending
angle and inclination angle exert significant effects on pipeline wear, with the most severe wear occurring at the bend sections.
In response, horizontal turn-back loop pipes and electric pressure regulating valves are installed at the middle and lower sections
of the pipeline to regulate the slurry flow velocity in stages within the range of 0.8 —3.1 m/s. Supplemented by a T-shaped
buffer structure to optimize the flow pattern, this technology substantially reduces pipeline wear and system pressure
fluctuations. It can reduce the wear rate of critical 90° bends by 82% compared to the pre-modification level, reduce the system
pressure fluctuation amplitude by approximately 40% , decrease the incidence of slurry leakage accidents by 30% , and enhance the
system operational efficiency by 25%. The research results can provide key technical support for deep mineral resource development.

Key words: Self-flow conveying of filling slurry., Pipeline wear, Resistance loss, Pressure regulation and wear reduction,

Numerical simulation

AE B, i R T B 2 BT R XS A B IR A oK

0 =
0% TRFRA 7= B2 R 10 2 4 m 30T kR SR H T B 48
2ot Z RS TR TR BRI R A & OE P BRI IR E R & E TR RS R A

* WS B8 :2025-07-02
HEWB : =4 78230 H (202501CF070050,202501CF070049)
EEB N EMW1982—) B . Zm N TR, FZNF R TR W ABFR TAE, E-mail:741048012@qq.com
BEEE IHQ99) B INRFT A B+, FENFRT ARG AR T, Email:1621361649@qg.com



2 F kB RLE A

2026,46(6)

$ KARTE 88 7 45 5 K b 5 U T R L L £
I =R IRMN L e ma It k. RBRT AR TH
BT TR I I SR I g 9 3 XU 5 ] B 48 A L e TR
F 2 0 L HE L W I R AR R, 2
TRIFTE R A OB AR T B,

FEEVEEDT L T B G AR R T AL R R
HERHGE P KRN B R E R R KK E R
10 000 m, e K TG 4% O 32T 8.3 RF 3¢ fig 24 5 A&
HRH ) R RCRAR VN AR K S B A A B
FE MR FH MM K AR N, I e
W56 B 5 IF R & Ak 58 30 AR A, R 4R
L VA B K 2 o Bl 2oR TR i ik R
g M )E M SR IEAR PR E 5.7, A R ik e
JERERT R R 0.8~1.2 m/s 2TFE 1.5~
1.6 m/s. (3PS T 45 T8 8 1 L sl T
Fo I I ol L P R ) A S A B R, — LA G T K 5
RAGTEIRIE B B BOR RO s  FLIR K ™ Y
WA L 2 4 A P PRI A % ik 56 i A T A BE S
L AR A T U S XU & i K L 5 e SO 0 1
A o R X 70 SRS I O R OB R E AT RGNS .

RT3 e 3 56 Y 4 L 50 AR AL R Tl
ST B WA TR T S 0 O A2 R Uk 4 T R
M, S — TS F R A R B 0 R
o S S R, S B AR O 3 A T L B o R
W B T AR S T SRR T S R . e VR AR AT 2K
TR AR B K 15 R UKL A% 9 il 7 1 S B3 R
RORR R AL 3 R 3 R 5 A i 3R o A AT S B AT YA AL
5 S N N R 1B A | 5 v 3 e A W= o B A D3
BE B AHZE G 1 7 3k, B2 DR 045 I A 8 AT A AL
RIS 4 ™ v Vi B e LR I S . PR R R
I PSS W I B A B, B T A
TE LR B A2 R S A AR R A L B AL
5 A7 LU JEE BELRN 78 RS 2k L [ ) 29, 2 1 v A 42
R AR /INE AR A A I B R n Ry B Ok 4
5 it £ TH i 4 %L, Tk R R DY R DEMATEL-
ISM 4 B 43 #7535  BH B 7 10048 30 8 400 XU 2 B 37
EIE N TR S SR AR, DL BRI i
TR B A 2 R W L5 G R 4R T 58
Fe R A SN | SR DGR U R K
27 350 PR S BB AU B R R B AR . SR R 3 i
Z Y 5 HA G A 50 50 E B B 8 A 36 B
TR EEZ AR O R 5 0, A o ol S 46
Fe LA ORCRL AR FI S M AR R R A, $ R hT e AR AR

Bt A DU R 60° LA 2 AE A AR
K B 473 A e 2 2548 /K - B, S B D[R] 0 BEL IS

A 5T Xl R e ORI A U A R
o BB T | K BRI e R O B S R A A S A A
T Jot) 70 A P A i) R R R 5T AL B A A S F 5
g LAl R ANSY S BUE R 7% . R G0
IR o Y B U ORI LA B O
18 BH T 458 9% 5 B A B0 5 i L B R 2 I R AR A
FH T A8 P ML, 49T A 1 20 R s Dl B A L e 2k
o BB T | S B B A0 T KU . TR N TR T A
5 T i 1 0 155 1o A T A O T el R L AT M
TR AR G L RS 2T A R8T E
VAL MR AR AR A T R i R A R R 3 R
I P ol P A A O R RO ST R G 0 K e A E
BAT . WEFEEE R AT TR B IRTT A P S B H R 3¢
A5, [7] I 2y v S e i 18 1 S BH - i - SR ek
b ] i P 9 5

1 RER K ARk R A

1.1 FTEMRARBERER

FEHURLK [ %R TR R DL A B G
N Eh Jy. v MR A TV RE BEL 0 S92 B Bh B B ik
O L AAGRE 32 2y R 0 B R Y A 4R 4L
IR B ik 7 A A RRIE L T AR R K
RS REBIFT ILRH AR M TR, &
TR R H B AR BRSPS iR R
GEHy AR B I, S BOR R TE T A T B ORY ,
LB AR T T N S AR MR B DR, R %
IR N R R, fEA RS TR G b, 1]
W IR A i IR 2 40 SR W A i RN O T Ak
20T 1 TR

(D) WA %, 76 A W IT I T 20, 4 ik
e — B AR A A BB S L A R IR A A T b
g FaEW . A 1 s, TR ik
i A A K T U I T A

(2) W& %, BED R IF R E 5 E
T 2 40 v 22 BRI 0 0 TR Sk 2 3 K5 2 RSk KT
F 55 i 5 T O B U R BEL D 40K B R BN 7 A
Ak . AR AE B ST E R A A BE B A IR R K
Tl 3L Bl L RE FZ T 4 il L T AR e 3 B & &
O 9 ELGUE  SE ITE 2SS AR 1 () IR .
WARTE 2 S H R I5 TR R 2 K, Ml T 7%
(18 AR AR ASL 2 o T A5 PR R O B ol L iR S FE AR S



EWFREFAAFTEBERNELRAERBERERFR]] A LR T A ,2026,46(6). 3

R e VA EURU LS Y [IBE R SR E PSS

Bl i
T ’W
1= | [
RIEE=SZRE
= !E%iﬁ N {E%iﬁ
(a) WHEHRZ (b) i HE

B1 REMZARSEAMRS

Fig.1 Two states of self-flow conveying of filling slurry
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particles in filling slurry
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Fig.3 Pressure distribution state of different coarse

aggregate slurry in the pipeline
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Fig.4 Effect of coarse aggregate on resistance loss
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Fig.5 Pressure distribution state of slurry in the

pipeline at different mass concentrations
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Fig.6 Pressure distribution state of slurry in the

pipeline at different flow velocities
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Fig.7 Effect of flow velocity on resistance loss
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Fig.8 Pressure distribution state in the pipeline

at different filling times line
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Fig.9 Effect of filling times line on resistance loss
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Fig.10 Pressure distribution state in the pipeline

at different pipeline lengths
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