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Analysis on the optimization of suction sump of Pumping Station
under the influence of sediment
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Abstract: Taking Pingshantang Pumping Station as an example, measures for fluid meliorating and sediment
deposition controlling were put forward based on the analysis of the original flow regime in the pump sump. The
numerical simulation of the pumping station before and after rectification is carried out with the application of
FLUENT software. The results are based on the two—phase flow theory, and the standard k—¢ turbulence model
along with DPM sediment flow model were used during the simulating process. The result shows that the flow regime
in relevant areas has been improved significantly after taking the combined optimization method of lifting the bottom
plate height as well as adopting a water pressure board. The problem of sediment deposition has been alleviated, and
the average sediment content decreases by 75%. The sediment accumulation almost disappears in pump sump. The
research results could provide certain reference value for the improvement of the flow regime of similar pump sumps.

Key words: suction sump; sediment accumulation; sediment—laden flow; numerical simulation

PR R KRS, KA e O et ZRVPTRE R, Je b K iR B EdE— 2 ok 1 ik
RAFRYR ISR o R N TR AS BORFIR ELEE M 7Kt A /KU B U A M < — 5 T, SRV A B TE K
IR BB GRAS , FEME AR B AR . RIEE Wil RN [l e DI AR, M sk b ik 7K W

Ifs HER: 2023-01-28
EB B : XIER(1996—) , 55 A1, FZWFFE 7 [l /K FIK L TAR . E-mail : 516019550@qq.com



5 810

U S R ke S R U 7

TR, B AARFTRAS s 73— 7 T, Je UK Ptk N
B, PeVP R il S RN A S U SR Y
A, 51 A WL RS, oI P i R s AT e A
RGN 7 et gzt o ik, Bt
TR 3 B Sl R K 5 VD Y (R, Bk B AF 5
HEZK L PAALAS , 3 HH USRI AT B D i T
S HAY R IR SO S A

ARSCLLA 2l TR N ], SR PR EASAU 7
AT HR TS , I3 AR O B4 48 s A it
TR FHRENE IR TS

1 BEEIEE

S L i BOK S s 67 T4 M Th 4 + TL % S5 A F
B 22 1], BT 10 m'/s, 3l B Ak sk K 35
IR 4.062 m, #EAKIBKIR 3.462 mo X TRERLA 4 75
900ZLB-85 AU 4L , AL &4 2.5 m¥s. FIHIX
A S50, FIFH Fluent WK 400F , 47 & U6
VPRI Al A P AR ORISR
1.1 HHEKRERARE

2% TR 7Kt P 7K 4 ) R I 1 3 Sk
RS RSP AR, HIR A ACGR S, i h
2B F A RAMR A, KT I 2 6] 44 A1 HAE
H, BOATE AN TR o~ T RED
12 HAERE%

L ISV TOL S U R 440 g/, R
VTSR 650 g/, J& e it /N T 10% 1 ks
UL, Ve VD TR 1 g SR AR 8 2 3 OB B E L
STAE TR ( Discrete Phase Model , DPM )

FIFH Fluent #4785 DPM AR, S5
MEAH L )3 B2 M 3, 7E 3 RE 2 B TS I A B R
FREF (PR VD) A TAREAEL . WAOAR SO 43 e e 4 i
B A TCI VP IE K 00, 50 Hr & U T .

K H Fluent Jii T84 5387 , $EHL Realizable
k—elim A o 77 FEHE G S e 5 SIMPLEC 37
T R i Bl B S R A B — Bl AU X A
e R
1.3 BmRE&H
13.1 FkkAE

HE TS ARYE TARRSCPR , B K 11 otk o
WS B BT i ] BRI AR 10 000 ks,
T ORI o OB L A s AT 4 KL
MO E 4 Al R T BERE DS BR A HK
TR L E K TS, A 55 7K 4 i %) B T 22 7T A
TR Ay [T (AR BE AT, SR FH PR I BE AR | G % | MRS S

AEH0.57,
132 ARIVKRE

AN FETE AR TIRGE R HH rosin—rammler £ 1]™,
R L AW IRNR 2T A, DPM ORI A
WREHUN 6.5 kg/m’,
1.4 JUAEER Mg 5

K H UG NX10.0 37 - 1L 3 A K A4 4
SRR F ] ANSYS Mesh Z00E %143 BIA% . %43
B, FELE A 52 2 b A T g Ab B, JE e B8 E | L
T[] 7K 3 7K 7 308 A Sk A TE M SR R 4 i =
B, SR AR EICR T 300 J7 I, 2 | K BT
[ K 4R e TR o AR SCSE B 4 1l I A% £y
30077, TR ULIE 1,

10000 (m)

2500

Bl HEMNES

2 WEERKNSH

21 FHAKIR

K T O0S 2 A1 Jo B AR it e oK AL T8 .
BU K WA TAEHRMCA XOY 1, 204 e B 5 4~
Wi (&12) « T ZRFIEWT I (Z=3.40 m) | T2 HFE B
11 (2=2.0 m) BRI E 3K JZREAE T (2=0.9 m) , [7]
B EE X KA IE IR AR S 2= 0 R, 2% RGN ) b 78
PAASFEAE T, 34 /K T0048 20 4 9080 T (Y=2.3 m,
Y=4.6m),

B2 HFEETE

2.1.1 KRFANE@ASEIH
B 3 MG AR TOU T, & RRE A BT 1 1437
T e G A K



202348 H

Y
3 8 8 8 8 & 8

(b) LA, Z=20m

s .@N\

N

Y
8 % 8 &8 &8 & 8

(d) HERE, Z=09m

X
(e) EEZE, Z=2.0m

50
45
Velocty Magniude(mis, 40 Velocty Magniude(m/s)
08
054 3B
048
042
03 %
03
25
-
20
0
15
10 {
5 s
1 0 L
20 30 40 -10 [ 10 30 40

(f) BEZHE, Z=34m

3 BARIARER&EEEESR

FH 30T L, K TS TAE /K IR A B 24k,
JUG )2 e SR A A R T A AR T 3t X, 2R IO i
TR RS K TR, ZRI AT R BAE
HE7K 5 BEMIE B2 | 2R o K IR HEK SR
Bt
2.1.2 HYINEAZELSHT

DT I 2 & L& 4, R B 4 0T R0 K AR A
KTV TAEH G AR AL, T2
L Sy [ B NG ) < o8 55 o) T L AT
%o KIAEBA R BE TS, ) L W] fER ], 76 BE
AT BRI R R () 7 1T [R5

(a)¥Y=23m

4 BRI RAFERLE

(b)Y=4.6m

LR MK T T O 1 R B s TR ]
R, BEK T H: R K L S A, HLAT AR R (o]
UL DX KR 0 T e T ) o B R B, B
Ab R JZE TR Y, W S AL 5 15 SR A R K A R 25
Pt Al s 332 2 B0 I AERT, R g e
ok BEHR G BT LA P D7 [ A DX R
L DRI, TR A It 15 RS 3

22 giRbIR

WRIGIIATEORE, 856 TRESEPR, 1l 4 = b ML
A RIFE S & U T a7 (S b5 650 g/m’) .
Z TR PV ROk B AR ok, 1 5 1 pLZH
B BT, X VR VA T VA B M T A LR A R
T T T B ISR
221 BT EF LR B

PV TR KR iz 8 oA DTG S
A R AH G, PR 26 Fluent BEZSSRA# o )5 FH Fluent
BHORASE A R R AR IE A A . BEHLZ=0.1 m
7=0.2 m.Z=0.3 m 3 PIKFHREAEWT IR 20 i T T
PIVED 53 AT SRR BT L . I e=0 s TR Bl =
1=3 600 s, HH LA— ] T=1 200 s WLEL YR V078 25 ik
o SRR EILE S

B5 RMHFSFHRE(t=3600s)



5 810

U S R ke S R U 9

Bl 6 MK XS R < B . 25600 A R
W 2= AT AL, AR R AR I A it i, Je VD e T /K T
BN (o3BT A, R AR AR IOR HE KA A
HEARHLASAE | TRE 2 At R o 4 2 R S5 A Ak o >4 T
F22i 1200 s Ji5 , e /Ml 1S9 A IR L B ™ 5,
HEHLBRHREAC S e v ki o5 , ™ Ho% A
TR A A 25 . [T K b S5 Fa Y8 L
W T RGBS . XS HBUK T EA K
W, B EEORIE I, it R I, A — 2
fbo MPIEHE T 2 400 s J5 , Ye VDA )X ] A9 IR
RS P T 2% - HEAR R ORIV B 35 0 v AR A5 AH
KAGFRITE T T, (B1 % 4 S 3UBAE R IR
T YRR, KR RS T 2 KR o TR K I A
o S PTIR R — 20 A I AR X sk e v
TR P C 2085 240 kg/m®, /NER 3 X 28 8 it

32

°°a=sasas=s:s§

-10 0 10 20 30

(g)Z=0.1m, t=3600s

Eo ik

(h) Z=0.2m, t=3600s

1960 kg/m', XL IBIAE T EE TR I EKR
222 AL R H L

B X6F 2 ALLE AR PR O T T A P ) A, ELR F 4R
PR B MI AR 1 77 SCHRIH R o 850 7 iR e v
IR B GR , [R) B X 2 K b A A8 [ 1R SR A 7
T () DR AR B b s

W SCHIFIE &I, 6 o B ISR FG T A B 55 /N
a7t A B 5 VA RRURE B AAUAH OG5 T > 6 T AR R A
10°)5 , 46T TP 16 SR BB BE IE AR OG0 TH AR 1
R, R 7% T 1 O B VD IR IR, SEFARAAAR
SIS B, FE KA T 1 K b R A 0 AL
RORTI G . 25575 18, RIBCK AR B MU AR AR
Tt7.50, [6] B 76 2E 7K 3 FF 3 m Ak i ik 4500 Fe 7K Al
(FHAKRE 1.6 m) A AL, TALHIEA &R
HEWLET,

2
g

T T T

Cr3aBRERESB48S

3aBR8RE5883

on

(i) Z=0.3m, t=3600s

REZE



10 TP

K F

202348 H

223 hALF E R AT

] 8 k2R 2 & B A it S5 Je Vo o A = T
3B B8 BT, A L5 R U S I s8R
BE, RABEIMEHRZSHGAEE)S, —F
AT R T 1 2 46 W /K O 19 50 7, a2 DR T i
UG AT RE s o5 — 7 10, — & B2 B b HI0s T 3 K
T A Ak K O T AR, B R T AR, AT A A

Gr AR TR BN IR R G o AT DL, 4 AR TR B AR
[0 =SB i 0 U1 157 NG 1K 1] B 3
[F] B SR FH RS K Al 465 440 5, 18 T atE Kt A 48 1)
TR JZE K It I, AL IR BRI R 5 3 T W Y
il . AE P 3 600 s J5 , 48 K43 X I 0k v
KT 60 ke/m®, AN J& Ul A Hij 45 34 7K Be V-1 e b ik JiE
B 1/4,

' AR TE

TR

E7 AR HERE

20

(g)Z=0.1m, t=3600s

(b)Z=0.2m, t=1200s

(h)Z=0.2m, t=3600s

!
¥

[_BBEEEN |
°UIIYNERELERS

I

1] -
GBREREEEES

35

[N
cos

(i) Z=0.3 m, t=3600s

B8 MFRDSIHE



5 810

U S R ke S R U 11

S T S UL SR R 5 A AU A
R, 43 B BE A WA A3 0.5 m K HE TR 1 m B 4L
PP T 7KV 1) )RR DT AT, 46 ] tecplot 3k 12
JF S0 R4 7 5 05 R AL T T 1 0 FE A

9N, RO WA, R LR A 3 i e fe | 2
AR E] N, e V0 S0k v B 6 I 1a) A8 A - Fa , I
UR AR RARAKT- 2R AT TR VDR B AN JE el T 1Y
1/10, RSB ..

T = BE2RE - BE2 %R

B FIREE / (kg-m®)

-1 1 1 1 1 1 1 1
500 1000 1500 2000 2500 3000 3500 4000

t/s

(a) Kim2

B9 WiE-EHRIREXT

6or —=—WEURLE —— BiEIRR
50 F
~ 4f
E
&0 30 F
ool
¥
% ool
%i‘
il
-10 1 1 1 1 1 1
500 1000 1500 2000 2500 3000 3500 4000
t/s
(a) WrHE1
3 & i

A B A AL ) 7 2 X L 2 3 7K A
T S 7K U VYR FR A TR, B0 T B B R
TRt , e TR A DU E58

(1) R HIE S 40 T AR = B2 I8 X (4B A
ANEE T 10°) , A LUA 8822 i e U0 7 I0E X Y
A

(2) KRR M 25440 , W DA X6 1l 4 T G
DX IR 2 T, I8 [ R 7 (R R VTR R I 42 .

W GEEE TN R A Ja 3 U TRT i A i (R 96 BRAR AL
P —E NS HE M.

SE W

(1] TRAAR 2501, EoRo8 A5 TR X Rl aib K v
T R PE R SE I [) ] T R AE 2 i (A SR FR AR
2022,50(2):11-16.

[2]  F&HR, BEART, X548 S5 RO IR ZE 3l /K 3
TEKJIHERERSZ R [T ). HEED LI T4 ,2011,29(1) :
77-81.

[3] KRB, KER I, BT RRA [ 5 9 AH A 0 1)
SRR = AR T ], Al AR 24 , 2013, 44
(1):48-52.

(4] BCRARSCH, 4T, 45, LT DPM BB Y g0 R

JE T AR R S T ST ] R AR K AR
2016(7):103-106.

[5] Magesh Thiruvengadam, Yi Zheng, Hai Lan, et al. A diesel
particulate matter dispersion study inside a single dead
end entry using dynamic mesh model[J]. Int. J. of Mining
and Mineral Engineering,2016,7(3).

(6] XUBTIH, mifl B, A AL S0, 45, A 5 7E K it 4 Ak
(EAEAULT ). HEREDLAR TR~ 41, 2010,28(3) :242-246.

(7] ZE800, KU, 2Pt , 4. RAYAEHG 0 ] 7K Fi A4
LoKIeARLI]. AR REIRRIA:,2011,29(7):132-135,145.

[8] Rondang Tambun, Katsuhiko Furukawa, Masayuki Hira—
yama, et al. Measurement and estimation of the particle
sizedistribution by the Buoyancy Weighing— Bar Method
andthe Rosin—Rammler Equation[J]. Journal of chemical
engineering of Japan,2018,49(2):

(9] TRAFZR, XUBHEE: , T [, 45, o B [0 Fir i g A A
P VB IR BRI HEGE [) ], T 24l CF AR B
f2),2017,45(5) :398-405.

[10] gkttt %. 35 ANSYS-FLUENT LU T 520t i
FEPEATBETELT ). AR AL, 2020(7) : 78-82, 86.

(U] IRAFEAR, B, XU, 2. RALAE 0 1E [ Hi it B
BEAFFE [T ] U224l (2R L 2018, 51(7)
577-588.

(12] P& AR, EmeTt, 55, i HEK Sl mi it He K A )
REPUCR L) ] TR, 2013,41(5) : 357-360.



