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Numerical Simulation of Water and Sediment Movement in Screen Filter
Based on Coupled CFD - DEM
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Abstract. Water and sediment movement in filter is complex and changeable. In the beginning, local
blockage on filter element caused by non-uniform distribution of sediment affects flow distribution which
will change tracks of follow-up sediment. Using CFD — DEM ( computational fluid dynamics, CFD;
discrete element method ,DEM) method to simulate flow field and sediment distribution in Y-type screen
filter, the resistance characteristics of filter and its influence on the movement and distribution of
sediment were directly reflected. Results showed that the obvious backflow, vortex and viscous flow in the
whole flow field led the uneven flow rate which was higher in outlet area and lower in inlet area, with a
difference of 39% . Filter element was responsible for 90% of the total pressure loss. Flow condition was
changed significantly with time, while sediment deposition appeared in the order of outlet under area,
outlet upper area, inlet under area, inlet upper area and finally blocked the whole filter element. Among
the four face areas in the filter element, sediment deposition was the least in outlet upper area which was
at high flow rate while most in inlet upper area which was at low flow rate. So appropriately raising the
flow section of outlet upper area with a better performance can improve the filtration efficiency.

Key words: Y-type screen filter; water and sediment flow; CFD — DEM coupling; numerical simulation

0 3= SR LA 48 ) B P R IS SO AL ) A
= ﬁﬁﬂw«ﬁgzﬂx b T A 77 3 K A 25 49, 3 5
Y R S R R T bR UL B SR B AR P 2 R TURE , S A R G P R

efs H . 2017 -08 —31 & H . 2017 —09 —21
HE4TH: BFHRB¥ES T H (51379024 51769009 ) 147 ] 1 K 2 &5 J2 IR A A B S ) % 45 % 19 (RCZX201434)
TEE B MR (1976—) , 55 @42, W4, ELAF WK FEM IS 5 & W5, E-mail ; limingl 6900@ sina. com



304 & A Hl

W 20184

B Z— IR AR SR F N B2 DL B TR R A A
RUEM G W, TR FH AT T 2 I 05, 725K
{23 M7 75 1T, o0 A 0 25 00 i 3 T A% 2 R 23 A T K
AU AS A B RGBT AL 5 BT Y VL - BT A B
el T XM A R M N RS, &
BUREANUE 5% 26 9T R 240 5 T B Dl i L T
AR RN S8 R EBOT 54 Z2 AL B A
8 5 AL I X e 0 8 X PR A 5 o A R K
1, SCHR [4 - 5182 0 T 0 o U8 A8 T A 6 S
B AT PR RS PR NFIIK T RE T A vk s SCHRL6 -
TIUATG KB 45 6 1 49 03 B 0 7 15 3] 1 vk
KSR R A

{5 b3 7 2 E0AS B LAKS o HL 50 B4 £ B A3 A v
Kiadl . MEEITENE AR L)€, CFD — DEM #4
ARG 2 A FHELA K2 9, # e CFD SR A
() 5 AH 35 4 78 CFD — DEM R F B 89T 7 1 Hertz
Bt B ks SR A, DL I e B4 B B EE
VDR AR iz 2 5 K2 3, B I8 T ¥ kLig 3
I 7 2 R 5 0 E 0T RE L U A O 0 2 A
HEREAR L # . B, A SCLL CFD — DEM
ALY ARG S U g 9V R Y i3 3l R A A
S50 T 43 BT s 0 45 A T SRR o R PR BE L LA
U/ RN N ) AL AR e

1 HERMTTE

1.1 REWMEISHFAENE

K1Y B g 4% 1 LT S5 s IR, &
TR SIS KPR nEEREEEE S
8, 08 )2 F ) G 2L R A A B O 180 wm i 2]
1 DEVDRL A, B AR e B b LA A R B S R
JERIAERT . 25 I3 080 i 25 40, [a) i Sy 1 98 20 1 A
B R AN 2 i /i 14 G J5 5 BE T 25 4 AR B
BB, O T ARUETHIORT BE , SR 45 4 A RO RS 7 M
Ak T s P AR LADRAIE T+ 3005 5, JF R4 1T WK G G 1
R, A S — S 4.4 x 107495

1 PR AR AT AE [ S R B R, I R A
ek — e SRk B A A KA
VDRI PO R 59 A B 1 m/s, i U 9 B 1 N
5% , A HAZ N 16 mm JEAR N BIE , BT LA H K )
42 D BN 8 mm, Y FR IR 7 0 A& T
PR AU 8 i U 56 88 IR DAL , B TAT R I o4
BETH] B XL
1.2 HERBSHMTENESE

Y 75k A PN U AT A A R R T 6 ) R
A, 25 TE VDR B JE 1 e 5 D 0 BE THDRLARE B2 RO VR

58 mm

43 mm

B Y RS R g 4 1 s A
Structural schematic of Y-type screen filter

Loglk 2. 988

Fig. 1

B2 RS AL R A R
Fig.2  Grid model of filter

72 W 1 5K ) R
WA T K AR ek R A s i o f o
%+ Vpev =0 (1)
%+Vpg/ﬂj= - Vp + VueVv +peg - F, (2)
Xrf p— KM kg/m’
& PR 53 B
t——F[A] s
v— KA B, m/s
g Sy, m/s’
p—Hi i  Pa-s
F, I, N/m’ 75 AE R B0 P 3R
PRBEL 7 9 A

TEVHF VR AR ) EDEM 42 fit 7 2 B A B A
THRR S X5 VDR R W, AR SCHE T RRCRE— LA B
H R 2468 R 25 Vb R AR AR 2 B i, BT
VDKL 3 JIF B 4 R S, ol T R R B AR

AR A . PRI B S 8 2 IOk [ 12 ],
B8 7 RE T RN
do,
mpd—t’zFHu;p + Y F,, (3)
dw,
L dtl - 2 T,., (4)
R m,—— VR ke

b, —— VDRI m/s



531

W EEH) 4% . 2T CFD - DEM fE-& 04 W id 38 4 K v iz sl B sl 305

I —— W4 kg m’

w, VORI R BT rad/s

G, — WKL S N

FoF T b E A
RUPKLIY T3 A T35, TR
2RSS MOk 14 ]

1.3 FEAHRKFHEE

SRy 5 IR BB ASE AL Y T X ok AR R AT I K
A A [ g A B AL R 0.5.1.0.1. 5,
2.0.2.5 m’/h B ad 3E 4% A9 IR 22 4% A 5 366,
21 093 46 961 82 746 129 201 Pa, — &M T, K
Sk it ug i 2 L R N

Ah =kQ* (5)
K Ah——F B Z A BRI 1K, Pa
Q_Aié\?ﬁii ,m3/h

ke x—— 55 3 U R 2 F A i R G BB

3 25 A BB 5 2 (5) SR A e A8 v A
LB R AR =21 092077 Y RELH
R* =0.99; % b E R4 56 F Y R mdiE S
FE 35146 1 52 B 45 5% 7T LA 2% B0 15 2 4 LA 4 IR 119
AR H A SO TR T U B P 5 vk
5 B LR MR T, b A 4 UG % R A B 2 D
JE RS (LR , DR TS 1005 S B ) — 2 B %

2 HREHMH

2.1 FEFBARZSW
2.1.1 DA

B34 2350 1 m/s 35 KRS T i 3 & vh
TR P R O T S R o KR A T ST R
VS Uit B i b N P S R U e R TR 97
I, 32 3k g i 45 R T 345 i Sl BEL T s e, —
Gr KA WAL, 55 —#B o K P47 BE T Rt 7
A I, 5 558 RN Y IR AR K R R N S T A 8
AT e R N O F ol T IR TE M AL
Ak F 2R 48 55 AT, AR U E A L R 2 i T
0L b e e A £ 3.0 m/s. 7 N R B OO
S8 LG T BE T AL 38, S 00 L 100 R g R A 1
IR W BN 0.75 m/s 5 0. 46 m/s, % 2=
H0.29 m/s. T A IEAR KRR B b A% B R Y R
LIS RUY O NS URI NS LE L IR ALY AN
TER) 46 B BE 00 i 0 T B By 7 A SRy R 3 E Y
1% 8
2.1.2 EHhoaow

T UE A AR Sk AR IR AR AR il i g A A5
7= A K S He e, HE rp A0 85 1 4 T8 10 7 R s g 4
R B B R 40 R LA B T R 2T A RO IR

B3 v e 2k

Fig.3  Velocity vector distribution

4 ik
Fig.4 Streamline diagram

BT e R T LA R Uk A T e g — 4> T 4R
bro S b B R A I, A B O R
WY Slg s R4 A T DL R s ) B
M4, A B, C.D & & 7143 %2 10 755,10 953,
1258 3 Pa, ] DL BN I JE ) i Rl A | B S 4k
BN N A R 5, 3k 13 W G JE i BE T RE AR
B b 2 Wl g8 S8 R K 3 7 AR U B B ) AR R . DEER A
PR E TR Apye 9 695 Pa, i G AR R )
90% , H J3 K6 JE J3 6 URRAE U kA B R

FS b i A

Fig.5 Static pressure distribution

2.2 SEBRIDRLEE ST

2.2.1 PRI DU S 2

SR o vk A Jm T AR A AL, e A 6 B R B
YA X AR YD HE (d =200 wm ) TR 3 A7 0 4
IR TR B o 181 7 e B AR R VD LA 14 iz B
A (N =02 t=1s),7] LU BU KLY I8 3 32 %
O3 PSR DL, — ¥ 23 U0 R B K B A A 5
URRAEUE W TiD b B 1 D8 DR A 5, 07 G v SO /N g
3 UKL B K I S AR 25 18 i RS 1 A S i 1K 5 7
— R VD RLAE [ B9 VR R, UKL B R TURRAE A D
T A W 9 BE T8 1] A 1 77 1) 9 8%, B O AR AE A
D0 FL BB AT, 33k — 3o R R /K O 1) 3 £ PR 2 AR AL



306 & A Bl B ¥ i

2018 4

El6 PR REE
Fig. 6 Slice location

7 AREWRZ L A
Fig.7 Numerically obtained sediment particle trajectories
2.2.2 FABLE RIS R I
T T A AR D s R IR 5 U kLo A,
P 8 T 7 K PR T 7 S AR 3k 90 3 DR /IN T 1) g T 0 X
(R R 10 BE T 1] I ) 5 b X (O 3 AR {EL A 7
BAYHER ) AR (N2 45 18] A I8 X)) | [l X
(L 8 R IFIR ) A H T 1)), FAR 4 B8 w85 B 5 3
1A B B R 8 ) 23 O al L2 (GEAR O ) (b1 b2
(GEFRA AT ) 4 AT 5
KO NATHE v =1 m/s A2 T ad 38 #

7
o)
08

(c)t=10s

K8 RIS Uk M A1
Fig.8 Marks of flow distribution and filter structure
LERK 2.0@RK 3. HRK 4. BHK
PN B4 U S VDR YR A AR 1A e =0 s N P88 1 R
PR IR ZE T BRI IR TS, BV FEAR /N, RER o IX
b TR GE A AR 2 0 =0. 1 s i, A A3 Vb ok M
FIE al 55 a2 i b, WA 9a; 25 ¢ =0.5 s i}, B 45 [1]
TG F TR, A& A DO 3 FLR AR TR ] L, N R
PRI S o, U VORI HERRTE a2 &5 b2 X, AR
BRI b T AR & 9 I X Y FE 46 0, O
Z XIS 5 B 2 8 R o — 2 R e, T
bl bt B 7 W A VD RL TR B R 5 T&] 9d v [l 3
7 R A A D A PN B XL T S O
By 5100 A1, U0 AR A B U8 8 OF KR DURRAE b2 s A 1L
Z N i T B 9e Hrifi a5 UL A FEIC W] AR L, i
A% 18R Sl R
18 30 LU AN [ IR 20 0 30 2 1 AT LA B B
U HEAT 32 0] 3 5 e ) DX BOR B P BRI P2
Ui R B, AT T 2 T A R R 2 A
Bl /) 5 WL EE Vb KL o3 A P, AT LR BRYD KL L a2 (al |
b2 b1 fR W A s 1 RS BB DI R BRI AL,
X — i TR A PRE A I A B RS AR A, BT L B TR

Ui

BTN e Y N

e SN Y

ey

to!

e R P
(SN TS N

(e)1=2.0s

P9 il 5 v kL o3 A

Fig.9 Velocity vector and sand distribution in different stages
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