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Rational parameter analysis of higlr efficiency pipeline transport of sediment in Xiaolangdi Reservoir
ZENG Shan, QIN Yi, LI Shi
(Institute of Water Resources and H ydroelectric Engineering, Xian University of Technology, X{an 710048, China)

Abstract: Based on previous research results as well as the scour and deposition changes and suspension characteristics of sedt
ment in the pipeline, we identified the normr depositing critical velocity of pipeline transport of sediment considering the reat time
changes in sediment concentration and particle size distribution along the pipeline. We compared the measured values with the
calculated values of different models, and chose Fei Xiangjuﬂ s model to calculate the norr depositing critical velocity of pipeline
transport. Finally, on both theoretical and practical bases, we proposed the pipe diameter and sediment concentration for high ef
ficiency pipeline transport of sediment in Xiaolangdi Reservoir, which can be a reference for future testing or production prac
tices. We proposed the higlr efficiency transport parameters for two different diameters of 0.325 m and 0.63 m. The two condt
tions both had the follow ing parameters: a sediment concentration of 620 kg/m’, a median particle size of 0.051 2~ 0. 062 9
mm, and 0. 14 mm Dg. The transportation velocity can be adjusted between 1.75~ 2.08 m/s and 2. 08~ 2.2 m/s. T he corre
sponding largest sand discharge quantity per month was 89500 tons and 347200 tons.

Key words: eservoir sediment; pipeline transport; nomr depositing critical velocity; higlr efficiency sediment transport
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AR, WS BER %57, LI 122 Ak 6 457 2E
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2.1 REZF5HKXE
T3 BT /N VRJER 22 X AN [R] DX e b AR 5 i A

PO, PEDX b X 56 b i 6 FEAE PR B UHE 2 40 km
dbo B AR R B . K EIREGAE L SR H

280 T MIEBIEME, FL& P& 110 kW 4K AE 1N
650 m’/h 4%FE 48 m . HHIVAFLIREE N 12% ~ 50%
1 LQ BNES . HRDEIE KA B2 325 mm 14
B, ONGERK LR IR R, B 6 m KN
EHZEM 325 mm x 1. 2 m MEEE., FEEKY
4 980 m, HEVD AN B E I A S PR K T [ 2
FRs o

1

Fig. 1 Schematic diagram of pipeline transport of sediment

2
Fig.2 Test platform and pipelines lay out

2.2 GORHY R

AT BN % T s 7 b B ARORL 2 I 1Y)
INIe) BB L, 5 il R A b ) 1R ARk, Ak
B, VR K D 1) FEAT B 7 AN DG IR T, 1 AR
AN TH] AR AR EE 9 0 m, B 2 2 7 WIS A R Ay
FA 25 m, 35 m, 515 m, 525 m, 535 m, 965 m. A
T G, D ERORE: oF . 7 000 2 ) 5 v, 0 s i T 5 2 b
BRI L 1.5 m WSS, SRR
FEWT 2 A B S = AN BORE R, DME W2 Ye v
P [F) 53 A LA 01D, B 8 B 320l e 57
= A LW RT A —& DN 300 FE G & i,

AYGR 50 T ZWE T 950 m*/ h( BEE) Al 620
m’/ h( B AN R R RN IV Kk KD R
AR WER 1), RN A T 5 ki K i il LA, 18
3l &7 AN IR T AR K YRR e
Ak .

ZELL R, ISR B T ik 1 H HEVD B R ik
FE B A ZE AR, B R &N BH 45 RAH XK, BTbA
AR B AR 1SR T T B 58 1 Ol (anEk
1) o P 3 Jyife J3 MR Jes il B e i ik FE A8 Ak 14,
4 NGV BRI E L, B S NBLE 1.7 W
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Tab.1 The measurements of single pump

GV E/ (kg m'?)

TH . -
/(m3ht)/(mes) 1 Wk uE WK
%7 620 2.08 0.0126~ 0.1257 34 11.4 ~ 628.2 333

3 620m?/h
Fig.3 The variation of sediment concentration

under the flow of 620 m3/h

4 620 m*/h
Fig.4 The proportion of sediment concentration magnitude
under the flow of 620 m3/h

5 1. 7
Fig. 5 The particle size distribution of the first and
seventh cross sections

1B 3 18] 4 R, AR ) & 0 AN ROk 24

F & BENLAZAL (1, Bt EAAE AT THEEI, R 7 AWt B
T EDRLARAN Sy b B A PME 2 A A0 /N R g
fEk A Vb . RGO, e 7 =41% 77k
56, A2 s VR RE IS AR AL B 6, AT L BE X
TSRS o

6 620 m*/h
Fig. 6 The variation of the pressure along the pipeline in
each test under the flow of 620 m3/h

A AR S BRI N EESH, @
FOR WD ARAEE T ik WA LU YT i 22
P AN SS9 TR 7D KIARAE Y b i
A WA AT LSS YT 912 Sl SR I . AR
SAA) 22 SR [R5 A B AR 38 12 i I8 1 A
DAB AR o T SO i J LA TR B s
ST T R ) AR I
3.1 R TR &Y A AT

BB HIA R P IR L AT LA P 2 )
FEAEAT U5 o L ARURIAE AL P 1 12 30 B P
A5y 2, BIERS IE B L L R v R IE A
RS T8 50 AL 5 Bl 50, o TR POA B
AT, AR AT REE SO, BB 383l I UKL B BEiE
2, A Sy R AR, T R R RS T R AR
AR REH B 16 B I UL, A SCR I T
PR T R S B A eV I 32 B 5 Ty
s BT (R b= R N D
i) R Ey 1 RSB PR, T S A

i RIFARBUMT( 2= s 2 RN ©

UL (m/s) s K RTTHHL IO 4 U 9 BERLE
H(m/s)), BIFEEUNT 0. 1 W FoR U8 10 Bk 12 5))
A EW, KT 5 Ronjelh Bk iash X R .
S3HT HEVD U, % 18 T A HRERT TR (R 250,
TR WA 2.

2
Tab.2  Analysis of scour and deposition in pipeline transport
BB/ (me ") BUREIKE(%) Dso/mm  Do/mm  HESLE  BEEHz  EZ3kRX RERB i S AN VR AU T ]
2.08 6.57 0.0629 0. 125 0.9326 0.0517 2% IR NFEEF 2.08 m/s
2.08 10. 53 0.0512 0. 107 0.9573 0.0314 =% AR NFETF 2.08 m/s
2.08 9.09 0.060 3 0.136 0.9135 0.0455 2% AR NFEET2.08 m/s
* 158 + KFILIEHR
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2 mHED IR T 1, B4 B ks 2% B B
T LA H/IN U I Y A SBREZR BE O e R
EW AT 5, 25 R8I0 & BUFE fE/E R 22, N =
ZHE DUASIS R ARV AR, Bk VRN CVHEVD P . [ R
VUZH (R AR H0 /N T 0 1, B DL R 2R B #
Bah, #— SR B A AR, iR 5
Y I YR T8 R R OR R ILAE AR TR YD B B 1 B
B, WO = GUIAS R A ARk B 7R B 5
T, s FEANU 2 N T2 T 4k ik 2 08
m/s .
3.2 AR ERARBRRITEAKX

AR 2, V2 8 R 4E B O e & E

3

LBy S N/ TIOT: R/AS W= Mob 5y g 5 B /N v
T 3. ASCRALINE 5A K- EAE e R
e THE AR AR R IR MR R XK it
A7, B SRR L R, BT DA AE R T 22 146 2
TP BT H AR T ZEERBMFEARS

RN 315 mm, [HE FEHCR 2. 65, FERI/Z0. 14
mm, “FERIAE 0. 17 mm, 5K UGS E: B 12 325
mm, & W % B Lo 2. 65, P RL4E 0. 051 2~

Q 062 9 mm FHLL, B 1R AMAIE 25 LA A 24, H
FEAR VIR K1 e v A AR b 47 A0 X8 /N, BT PAAS YR
B AN W TR BZ L T 2 A S AN . T I8
RIS E5 A At S 14 o F£ 4 FE 7.

Tab.3 Calculation models of nomr depositing critical velocity

I 57 A I 7 T - S Y R AN

U= Fx [2gd(s— 1)]V* Fi= f(S,d)

ad HE
Durnad 574 FL= U/ 2gd(s— 1)]17

Y=2.7t/m3, D< 1mm,d=0.15m

173
U= U= 2.43 [gdom 1 2n

Shook A #4[ 10]
Cp

0.775
U= 0. 025gd(0p'"u—) (s— 1)

m

Spells FE AL

Wasp BiAII213 Ui Fuf2gd(s- 1)705 (232 vo

R 1419
(= 1

_ - (=5, - 10))? [
Ue=0.293 J2gde™ " 550" W0+ J2edy _ 5 7 m3, D< 0. 1mm, d= 0.067~ 0. 149 m

PR L 1624

174
U= 2.3 6 at7m 1 (o

Y= 1.5~ 4.4t/m>, Dop= 0.08~ 1.35 mm , d= 0. 094~ 0.205 m

FRAK A P IR BT MG I 48 AR K ELG 4
NER(m); D NRE(mm); s NEEE, s= Q7R R
NI JURE B, O i 7K % B O, VK B (ke/
m'); G AEREIR B Co 9 E BT % 2R3, 75 18 %K
KF 1 0008, Co= Q 43; S, FEE ELH 100 £, [ W)
EE A ARV 7K R ] IR R L, U D9 I SR AN T8
(n/ s); ANIATERH ) B3 ¢ FE JIIEEE(m/ §7) .

WELR 4 FE 7 A7 51, Durnad W asp #5784 i fF
HE RN B2 5, IR AR R 58 46 %, B
Durnad 1 Wasp 1&H TR BN 2% ~ 15% W AR
S, WA AR TG 1R BE G R Ak, I SEAS VAL T
HA A, 55 bRiE SIS M2 T, FAER A
T FR RN 5 T ek ) S B aE I S AR . R
RLAR RV 12— B, B R PR 3N, I AN I
AU T B IR R (PR R L B0 &8 12% LA
), TRAEAR AR LE 9 2R AR A B T 2 s
B WA O] 2 A AR AL R T H B AN I,
T A R A IS T

4

Tab.4 The comparison between model calculations and measured value

W I FEAIIRTHES (m = s1)
(%) SEME PR #E1R Durnad Wasp Spells Shook HRG

12 2.56  2.47 351 1.00 2.43 2.35 3.32
18 2.46  2.46 351 1.00 2.08 2.69 2.82
24 2.43  2.36 351 1.00  1.73  2.96 2.71
25 2.43  2.33 351 1. 00 1.67 3.00 2.71
30 2.42  2.18 351 1.00  1.39 3.19 2.70

7

Fig.7 The comparison between model calculations and measured value
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3.3 AKX E AR SILHSAT

B3R 2 0, AR IRCETE W6, T b AR AR v
/& 0. 051 2 mm~ Q 062 9 mm( D90 & [ 0 107
mm~ Q 136 mm), FIEIREN 4 8% ~ 10 53%,
PR T 12% , JIA] DA FH 9l AR 1l 5 AN I o A5 Y
SRt HAHT TR A R ARYE Bl P, 2. 08 m/ s ik i
PSR, [F) IR DUAS S Pere RS 1) & 3 .
FREFERE T 3 ARLAR T, 3 Al ST AN E AR
Il AR A, WK 5.

5

MER R 5 ATHN, AR VD AR R 2R AR 1)
A, s FEAS IR T BAE AR AR, B35/ T
IEFLE 2 08 m/s, B LART LU 22 2. 08 m/s F%is
T AR ZE A o BT 234 NG AN VAR R ) Y
/NF 2 08 m/ s, 255 TN B #E R A 25 (e B
/NT2. 08 m/ s I /NT T 2R S IINE (KRR,
TURIE B 7 B A R BB (1), ORI B ik
2 08 m/s 1ER/INR R K E 18 i b 1 2 A5 5
KH

Tab.5 Nomrdepositing critical velocity along with the variation of particle size

AR TR Hs FEATEFES (m = 1)

PRBHREL FUE

(%) /(kg* i) Ds=0.0512 mm Ds=0.0629 mm Ds=0.0603 mm
Dogo= 0.107 mm Dogo= 0. 125 mm D= 0.136 mm

3.77 100 1.29 1.35 1.39

7.55 200 1. 46 1.54 1.58

11.32 300 1.55 1. 64 1. 68

15.09 400 1. 60 1.68 1.73

18.87 500 1.61 1.69 1.75

22 64 600 1.42 1.68 1.73

4

4.1 ZHHEHEL S5 2E

A E A H I T e I D (v A i
SR, FNE A IS, R R R S R R AR
ARV AR, —E H ik SO N Vb K Bk . Ay
SCAHTRT A, A YGR B A 2 08 m/ s B,
VDR 279 kg/ m® (ALK FE 10 53%) , FERLZ
Q 0512 mm I, %D SR df o B fnk Kk o
22 44 m, HHCTAER AR 8 h, BANH 30 d kit
S U A T ik B R R HHED & 4015 T,
BHEFEESA 106 kmo W] UL, 2% (1 5 1% R A
a1, BT DAIE BLAE sz o6 FE ik b 4Rk 20 b 1 E A BRI
%k S IEE E IR R H B . M R )
HERROESWEMNE L. s v £y
KRG ARE P M s ek .
4.2 ZJAmEEHREHF

BRI IE ROCRI — AN R H &, #ie b
PN, BRI, [Fl— ik &b & T I ik 20E 8
e BR 7RG AT HE 128 0. 325 m, A& F|
T EHAERS N 063 mi0 92 m. 122 m. A[H
B TG M EAM Z R K. W R TR N
2 08 m/ s E 1% 0 325 m BFAIHNETR BN 620 m*/ h
HIQ 17 m'/s, HERZKR 063 m I, WiEHEN

* 160 + kI IE#MAR

0 65m’/s, IS T E 4 R AN TIE MEREN
Q9mAlL22m BMUSHTFES &5 14 GRIFN
TAE, TR MR 61 5, B ERE,
DAL AN AT R S, SO D R, &SR R
HATREAL @ 63 m . DY & ZR [l TAE TS24 i &
Q68 m’/s, fEQ 63 m B N A[$2 4L E N
221 m/s. FNHEHEZESH Q325 m F0. 63 m EE
PR LT, R BV A TE Sk (MRl AT, e
o Wk S S
4.3 TREZRIAGZMELY 269 5%
I Bk, & VbR 5 I S TR,
FITide b 2 (I S AN T AL T8 RN T ik T )
AME SRRk HH N 8 4 J2 U 0 Bk O X, il
WAL KT 4 000, £ /K3 7E 3 W R AT X IS,
(R I 2 Fe b 2% B 0 v se ), BRET ST AR IR
PRI S VRN 622 5 kg/ m* o LA m
EEVEREGEFE L7 I FZ kK ihE .
AVRSER R R Doo A Q136 mm, A FRIE %2
L, ARAETRR, LI X E 2 08 m/s,
Dowo= 0 14 mm jﬂ%zlgé%i&, TS [F) U P 17 T B
(ot 15 I S EE VAR B A AR ASE BRI AN T A, A
MG PR s ik B . Horh, I A ECR i s
U KA B A R, Bk R
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Rezrllerméi[;ﬂ
3NU
Rt P A VE K B (kg/ m’) s U R i ik
(m/s);d NER(m); TNNIE REL T A FEDARE
N.A3(Pa); R NKITH¥AZ(m) .

23 BRI 7845 500 kg/ m® AR UGk 364 Widk 5
FEAR A (5 FHE, #4508/ T 500 kg/ m® B,
AT T HO0.

MEER 6. 7T A HIL,7E 0325 m A0 63 m H
FRE RN, FTolEiba 1l S5 205K T 4 000, H
FRAE TRAER AT B FEAS VA T 35/ T i It
2 08 m/s, MUINRFA ik Svb s A e s,
LU0 620 kg m’ (ABWKIE 23 4%) N EKF, RN
WLEHYP IR A R TAEVE Bl P, At DAAT 3 B Fh
TR I% & VP BN 620 kg/m’ o 58 600
kg/m’ PLESV R HBINLS R, &+ 45 =
(B2 RN VR AR m, AT ] A& ] CASGHE 2% 2F

6 0.325m

(D

Tab.6 The critical Reynolds number and norr depositing critical

velocity under different concentrations with 0. 325 m pipe diameter

FEEIE ,(z v oy R giw’r)
3.77 100 466 551 1.40
7.55 200 368 629 1.60

11.32 300 284 328 1.70
15.09 400 213 432 1.75
18. 87 500 155 297 1.76
22. 64 600 28 594 1.55
23.4 620 25 860 1.54
4 4 FKREEZRIUT RPNRRH T

SRk FE b BB R S b B ARTE RS,

DRI e FAN S S . Bl 2 v s A . BHEL b

T AL Bk &7 N <620 kg/m”® B, 0. 325 m
8

B, A AW E B KN 176 m/ s, /N4
IEFLE 2 08 m/s, METE A B R, AT BUE 2498k
BTG I o E DR/ IN i 6 R B, AR AR L AR X I TR
TG AR FOE 2 b, BB 75 ARAE I 5 5 v ok
F 4 000, X T 0. 63 m EAE, Kk S VRN <620
kg/m’ I, I A PAFE B RN 2 05 m/ s, L&
R BT S T 2. 08 m/ s, ARIIE 22 A %, A
RAEIAR, TSRS S, ARSI 4 & R
i T AERT BESR BLA i K. R 6 5K 7 1, 4
Lrvb R <620 kg/m” I, BN 42 R I LR A
g3z KT 4 000, W R AT 00T AR s R0E R 19

I 5 AN R AL, AT B 22 R AR A2 T & BE O B
7 0.63m

Tab.7 The critical Reynolds number and nowr depositing critical

velocity under different concentrations with 0. 63 m pipe

F19k fiE Ly o BEL A A

P ey WREEC gt
3.77 100 904 391 1.63
7.55 200 714 573 1. 86
11.32 300 551 158 1.98
15.09 400 413729 2.04
18.87 500 301 037 2.05
22. 64 600 17 755 2.02
23.4 620 15 964 1.63

A=vb

MEEHR 8 Al 4, T 0325 m R, SVEN
620 kg/ m’, HERIE N 1. 75 ~ 2 08 m/s B, ¥JK
F5XF i FEAS T T S, T A R PR
AL 75 mlse FBL BN 0. 325 m, H 0 E <620
ke/ m’, BREIR AT E 1. 75 ~ 2 08 m/s 2 [AJBE/T I
o KT 0.63 m 4R, HIE <620 kg/m’, Hiik
TN 2 00 m/s B, 55700 BE R I S AN iR T
ik Y, BT LI MIZAE 2 08 ~ 2 20 m/ s Z[H]
HEAT R

Tab.8 The calculated values of nomr depositing critical nondeposition velocity under the two different pipe
diam eters with different delivery velocities with two different pipe diameters

HNEWIE (me s

/(ke* ur) 2 20 2.08 2.00 1.90 1. 80 1.75
d=0.63m d=0.325 m d=0.63 m d=0.325m d=0.63 m d=0.325m d=0.325m d=0325m
100 1.70 1. 40 1.63 1.28 1.63 1. 40 1. 40 1.4
200 1.95 1. 60 1. 86 1. 46 1.86 1. 60 1.59 1.59
300 2.07 1.70 1.98 1.55 1.97 1.70 1. 69 1. 69
400 2.13 1.75 2.04 1. 60 2.02 1.74 1.74 1.73
500 2.14 1.76 2.05 1. 61 2.05 1.75 1.75 1.74
620 1. 66 1.54 2.02 1. 60 2.02 1.51 1.50 1. 49
KFIREME - 161 °
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LEEFTR, BN 0325 m M0 63 m [ AL

Bk BHON: SV E YN 620 kg/m®, kit VE

00512~ 00629 mm, Dot KH0. 14 mm, %iik
9

FOHE A AL 1. 75 ~ 2. 08 m/s f12. 08 ~ 2. 2 m/s
Z I AT AT o 2R 9 N TR X M L i 16 R
TR SR .

Tab.9 Calculation results of higlr efficiency transport in two conditions

K% R B km

) s TR LBE Ly AH & AHRbEiE S
T R/ m I e
AR 256 et i 0.325 279 2.08 4.15
0 325 m BRI = AR finik 0. 325 620 2.08 2.85 5.7 8.95 116
0. 63 m 1% i = AR Kk 0.63 620 2.2 4.51 9.01 34.72 737

W AHED R R 2 bR R LR AR Ve A Ak i 0L 1 T HEVD SR T 3

MR 0 325 m, VRN 620 kg/ m’, FHE
792 08 m/ s I, &R =, 50 m 7K Sk B B
N2 85 km, 100 ACkHNEE A S 7km, HHD =
N8 95 Jit, LLARVAR IS fe A Hin ik 50 1) H HEVD &
m T 116% « MEREN0.63 m, FIEN 620
kg/m’, ViE A 2 20 m/s B, %k 0% &, 50 m
ACLEHEIE B N 4. 51 km, 100 m /K LHikFE B N
901 km, HHEVDE N34 72 Jit, /& 0 325 m BfE
I BCREIEN 3 88 i, [RINT FAS Ut B i R 1%
L HHE B T 737% -

5

AL /NI /K P B i 56 D B itk 18 IE T K
R VO TE ik 2 PTAT I, LA T DU = Rl ik
S5 A 45 F, v] o DL G IR 56 Bl 2R 77 SR 1R
5%,

()&EZ 0325 m M0 63 m &% S
BON: SV BN 620 kg/m® ( H AR KA E Y, T
FERIEAE R ol i), PERARJER 0. 0512 ~
0 0629 mm, Do N O 14 mm, %i% Jii 2 5 7] £8
1L.75~208m/s 1208~ 22m/s ZAHHTIHY

(2)FE VL EHESHCT, B2 0 325 m M s
AR HIALE N K 2. 08 m/ s, 50 m /K Sk Hik FE
B4 2 85 km, 100 m ZKKHIEIEE N5 7 km, HHE
WENG 95 1, 120 63 m A BRIk 45
BN IE 2 20 m/s, 50 m K SRHIERE B 4 51
km, 100 m ZKk4mik e &4 9 01 km, HHFbE Hy
34 7277 to

(References) :

[11  RNGER. F2URME 3B 15 R MRS H B R [D].
WYL K 2%, 2008. (BI Zhi yue. Research on efficiency optimiza-
tion and control for dredging slurry pipeline transport system
[ D]. Zhejiang University, 2008. (in Chinese))

[2] 7. KR B 31 8 T ik o R I 55 4% i) G B2 HOR 1) 0F 7

162 + KFIE#MR

[10]

[ D]. #1755 K%, 2014. ( HE Cheng. Research on detecting and
control key technologies in long distance slurry pipeline trans
portation[ D]. Hunan University, 2014. (in Chinese))

EOW. BRSNS R TE K D) i LS BF 7S] D .
AR R K%, 2013. ( CAO Bin. Ex perimental study on hy-
draulic transport m echanism of particulate material pipeline urr
der com plicated conditions[ D]. Minzu University of China,
2013. (in Chinese) )

TR 2, PhPERR, ZE K0k, SR AT [ A K A R R S
BT J]. 1 #8 7K F, 2011, 27( 2): 3637. (ZHANG Xue lan,
SUN Xihuan, L1 Yong ye, et al. Analysis of test system design
of pipeline hydraulic transmission in the domestic[J]. Shanxi
Water Resources, 2011, 27(2): 36 37. (in Chinese))

Durand R. The hydraulic transportation of coal and solid mate
rials in pipes [ J]. Processing of Colloquium on Hydraulic
T ransport of Coal, London, 1952: 39 52.

ZEPR, EOR, BT, AN FURURL Y RHE K 0 & AN I I SR
HEITE[J). T T, 2014, 34(1): 9 11. (QIN De ging,
CAO Bin, XIA Jiarrxin. Study on noirdepositing velocity of
different particle materials in pipeline by hydraulic transporta
tion[ J]. Mining and M etallurgical Engin eering, 2014, 34( 1) : ¢
11. (in Chinese))

T, B, S5 R A R D TR SRR B i 126 U
W[ 0] & 1, 2015(11): 22-26. ( GAN De ging, GAO
Feng, CHEN Chao, et al.Study on critical conveying velocity of
fult tailings filling slurry of high concentration[ J]. Metal
Mine, 2015( 11) : 22-26.

RHEEE, i, YW, & R ERURE T CUE OB 348 il
FLHCHE IR L[ 0] . PEER IR L RE, 2007, 19(6): 86-89. (LIU
Hat yang, WANG Harxia, LI Weiming, et al. Study on the
critical flow velocity of paste like slurry in pipeline transporta
tion under steady flow condition[ J]. West China Ex ploration
Engineering, 2007, 19(6) : 86-89. (in Chinese) )

W, gkA A, (RREL. FON T 28 0 4 VR 78 K B A S Ak ik
EIE R ARG SR )] P ERE SRR, 1997( 4) : 26 29.
(HAN Xu, ZHANG Qrzhi, TONG Qing li. Study on critical
deposition velocity of slurry flow in large pipeby artificial new
ral network[ J]. The Chinese Journal of Nonferrous Metals,
1997(4): 26 29. (in Chinese))

Shook C A.Some experimental studies of the effects of partr



¥ MEe MNERAKERDVEETRAZNEGESHH) T
cle and fluid properties upon the pressure drop for slurry flow #%,2000(1): F4. ( FEI Xiang jun. The physical property of
[ M ]. Saskatoon, Saskatchewan: Saskatchewan Research slurry and its velocity of pipeline transportation| J]. Pipeline
Council, Engineering Division, 1972. Techn o]ogy and Equipmenl 2000( 1) : I-4. (in Chinese))
[11] Vanoni V A.Sedimentation engineering[ M]. Am erican Socie- [19] WAk, B8 K 5k 28 K 2R #iE 7K EEHEVD 35 WA b i B F 7
ty of Civil Engineers, 2014. [ D]. #ra@aRol K, 2012. (CHEN Cheng lin. Application re
[12] RO [E A2 k) (e A s M. /KR B i A, 1980. search on pipeline hydraulic transportation in sediment ejec
(Wasp E J, et al. Solid liquid flow: slurry pipeline transporta- tion and dredging of reservoir with large bottom area[D].
tion M]. Water Conservancy Press, 1980. (in Chinese)) Xinjiang Agricultural U niversity, 2012. (in Chinese))
[13] WaspE J,Aude T C,Seiter R H, et al. Heters hom ogeneous [20] HEEE, m e, Rk, 55 m ik BE 4 R D Rl A T a1k B A A
solids/ liquid flow in the turbulent regime[ J]. Advances in WFF[I]. &A1, 2014(10). (GAN De qing, GAO Feng,
Solid Liquid Flow in Pipes and Its Application, 1971: 199 CHEN Chao, et al. Numerical simulation study of high density
210. total tailings slurry pipeline transport[J]. Metal Mine, 2014
[14]  CEEEZ, PN il B TE D R AR A AT ] . B (10) . (in Chinese))
VUK F) B, 1980(2) : 51-60. (JIANG Sir i, SUN Dong zhi. [21] faTik, ERERE, A0HAE, 5. 0 KA Mk ROE T N e 2 A
The research of high concentrations of sediment pipeline EHIGE AL E S ()%% 2012, 27(2): 295298. ( HE
transport and its basic characteristics[ J]. Shaanxi Water Re- Cheng, WANG Yao-nan, ZOU Wersheng, et al. Research on
sources, 1980(2) :51-60. (in Chinese)) humanoid intelligent multi modality control of flow velocity in
[15] sk, TR, 4, 2. VEKE E KRR S it mineral slurry pipeline transportation[ J]. Control and Decr
ARBEFLT] . PEACR MR BUR S 4 BIRFL A, 2010( 12) - sion, 2012, 27(2) : 295298. (in Chinese))
230-234. (ZHANG Ying pu, WANG Yir bao, HE Wir quan, et [22]  FA& & K PE S BORS i % Al Ak BT DY vk BH K2,
al. Research on anti clogging technology of muddy water pipe- 2015. (WANG Dong dong. Optimization design of long- dis
line conveyance and irrigation system|[ J]. Journal of North tance iron ore concentrate transportation pipeline[ D]. Sheny-
west A& F University: Nat. Sci. Ed., 2010(12):230-234. (in ang University, 2015. (in Chinese))
Chinese) ) [23]  GKEARZE, HEEH. RS HE B RHLELET L)) . HRRHE, 2011,
[16] BRAFRAR. SR 1 HE S8 TH R Y T ). M R ), 1991 27(1): 60 62. (ZHANG Jijun, GUI Xiacli. Study on the
(1): F11. (FEI Xiang jun. A model for calculating hydraulic wear mechanism of slurry pipeline[ J]. Gansu Science and
parameters of coal slurry pipeline transportation[J]. Journal Technology, 2011, 27( 1) : 60-62. (in Chinese))
of China Coal Society, 1991, 16(1): F 11. (in C hinese) ) [24] FBOCE. ARMAR LA E 4 £ R E NIZ47 I 7Kt
[17]  BRAEAR. AR TG 0 AT A 70 [ J] . B 2% 4, 1997( 5) HARFPERT AL D). K 5 B Tk %%, 2015. (ZHENG W err hui.
532-536. ( FEI Xiang jun. Study of nondeposit velocity in slur Study on flow velocity characteristics of pipe vehicles under
ry pipeline[ J]. Journal of China Coal Society, 1997, 22(5): different volume and surface area ratios running in pressure
532-536. (in Chinese)) pipeline[ D]. Taiyuan U niversity of Technology, 2015. (in
[18]  SRAR1R. SRR 5 B I T ). Bl E A 5% Chinese) )

KFIREMRE 163 °





