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1.Pressurized water inlet tank 2.Water barrier 3.Sand discharging hole
4.Sand settling box 5. Outlet tank without pressure 6.Overflow tank
7.Bi-directional tilt sheet  8.Sediment channel 9.Sand drainage valve
10.Sand drainage pipe 11.Sand collecting box 12.Pressurized inlet pipe
13.Clear water outlet channel
Note: a is the inclination angle of the thin plate along the width of the
sedimentation tank, (°);and # is the inclination angle of the thin plate along the
length of the sedimentation tank, (°).

A1 #HEFERLTeEHTER
Fig.1 Schematic diagram of the structure of new anisotropic flow
sedimentation tank

KPR AT IS #E 7K 3#E N et K A8 & BEA DT
IR, AEUTIDHE A SEELEIDUTRE AR D 2 1, 0 BRI
Vevb — B U AR A BE 7 170 R B HED SLHR Y, — 8
ORI AR B8 RE D7 1) ¥ PRV A HE Y, IR ARSI
IR T, XN Jed R R TR T 7
BRI KT W AR P vy i 5 T VD A A I e A
FER KIS, 2 95K MREERH . B R m
WU R A B HEYD, IR IR (EIAS
WA R FLE B HED L BE D), ATITHEDE RO IR T,
A E KA AR S bbb i R o Bk K IR 1T DR T

)

Ja, UIERSIEAT . AN IEHE %, HEDE IR
HAKM (2.5 em) [ PVC 18, HAEEIE F&EBRIR
BEHIEE . HTEDESHKMEAKKHER, HE
TE KRR AT seEl s YD, AN 50t

1.2 REEE

SRR B S R DT W R B 1, R L)
TPV DR R BT X L, B B e ik Ok
K B CARDT BB HIE)  (SL/T 269—2019) , %FX%f
PRV FERIAR dsg=0.021 mm. EA 45 L/h 5K
Wt TR pvbits, Hytb B R~ K
100 cm, %4 8.2 em CHFEINTHIME, A5 B HUE A
10cm) « LAEEEN 28 cm, FHar 4 N 1 Fith. AT
o b AR [ B2 RAH 1) 455 Ak B e 0 4% 0 B 7 28 S i) o v
W (5D | JRAR BRI (153 FRR
ACERZIE Db (0 53t MiREReE, A uibit
HIUTVP AR SN R RS AR R, B %8m0l 100
10 1 28 cm: A H@EKFRAITE & KA AR
A, Heb, FEEKEK 20cm, % 10 cm, & 50 cm,
VORI & 10 em, BJEAR LK 5108 10 f12.5 cm
RIIE A o H KK 20 cm, 58 10 cm, & 50 cm;
FER i R AT B KU TI, K 6 cm, FJKYE 2 cm,
FEVR 2 cm.

BV IAE N GG AR 15N AE
KR AR, R BN 0.4 cm [ PVC HREIE, FEAR
NAT VYR, i 20 em, KIIEHR 100 cm C5f 2
JFERKA 112 em) , SRS UTHE 56 B A FE J7 A1 1)
WA AN a=60° F p=45° . M5 H AR (4%
HIRFERIN) Z BRI R T iE/KIEE, % 1 cm, HRSUT
Wit A s QBRI TT oA L) Z AR R 1 Jeh It
JHIE, %8 1 mme [T 5 I STV FE B3S JE X AR AR,
{H 153t AR VTV It A B AN 58 P 7 m R — e A
I S HEBK A E . SUPMeRHIE A Rif. B
91 em HIA LIS

VO STRN CR N s TR (i MR N
AR ARG EE S min U 1 R BERE A K AL ST IR
TFRE TRV AR, Wik N TR
KPR BT Hi b rp P35 5], K I A UTvD
Wb, FETTFN IR AR, BRI EED
FEFIHED EHEA D R, B E “TEK” WERATCE
HZK I 22 Vi A HE AR FE I A
1.3 RENFSWESRE

WIS TEF B A K F K S5 BOoK TR =N (iR
M) AT, TR AHEEE . M BT GFE.
R FHZETHK A R B HE AR, N 258 Ji5 1
FEIR 43 e HE K C R F RS2 KRR, FRS N 0.001 g
FRURS 28 BT FERR H KRR R, NPT BB ik iR E 25 B
HEK RIS VD S S, (kg/m?) 5 AR STk
25T DT RIDEERZE 7 (%) o KRR T8
FEAON, FEORFRI 0 ZI B2 SR AE R AR A TR — =1 B2
WIIEAT 1 h e KA BRI AR S B, RS
FE PRV AL SIS, A0 e RIS AT K (B



92 Ll T2 (http://www.tcsae.org)

2021 4

HW D o vl mRIRE, FHRREERE
3K, BOFEIE.

S= (m#tﬁi%k Mok )P (0
(px - IOW)V)H’[
= % x100% (2)

R S AVEKEINIREE, kg/m®s V w AEETIR KRR,
m’s m o NHEFSAIVE KR &, ke m wod NHETRR
MK R, ke p NIBDHEIE, kgm’s p, NEEIH
KR, kg/m’,
1.4 RIEIR

R TSPt ) T gyt iR, 12
FHizwIAs B, % I 1AL S YTy el R . AR
e LI NI R VIVEARE, 58 3 re 58 X ik vt
IR S VPR BE T 5~30 kg/m?®, [k, 454 TRAES2PR,
VK SV B 5. 11 kg/m®; BRI R, 15
L AT AL BRSO N 45~360 L/h, gl St b &
(45 L/h) 12, 4. 6. 8 f5ik$ 7l TolmE, 25lh
45, 90. 180, 270. 360 L/h. 36 LI A%0N 30 4.
1.5 SRCERIRE

TARSZEEPCTIR, TR S AR v CRiAR/ N
T 0.05 mm) B BRI S, AR P X RS AA
TUUSHAITEUR, 51K FEBL RS AR 272 A H s ™
FIVARR, TEVR IR fE SR K ER B & 2 g dT. Ak, N
PROF AL S Ayt AR S bR TAEHRAR /N T 0.075 mm
AILHRTRLYE VD IR, 158K 3 A AR R DA TS
HARZ/NT 0.051 mm FIEURL 5 87.7%, /N T 0.025 mm (1]
Wik E 56%, /NT 0011 mm BIER 5 28.7%, /NT
0.005 6 mm AR5 15.1%, /NF 0.001 6 mm FIE0RL &
4.6%, TRIERIAZ dsg=0.021 mm, VeVbBRL B4 N
90% 112 doy=0.054 mm.

2 RS9

2.1 HERRERDEFFE

B 2 ARG I R 2 K & T i KD T s L
KIBELE . B3 RIKEEN S kg/m® UiiEA 45 L/h T
TSP B IR I 5L

FERBE R AR, 15Ut S K h A
FE KR EAN Db R R LD A R BURREARCRE T
BEIX 7Rl T 2 MR TR X TE], KR S PIBE A A -
iz e, MY B TR, FEVE SRS 5% AL
AR AR UL S AR B AT, %D TS A AR A
5 BT [R) YA ) AR R o B AT EEAR A i v B0
Wy, e AT AT AR A,
Pe b S AR 5 A U DK T IR, Ao A iasE)
TR vbiEIE GECHOY 1 SRIIEIE) DU
FRMATOPAAIEH (B 2a) , J5 I iERIE & 28
Iz RE AT S B e vbAE 1 S eibiliE AL
TERCT B “Wa” (B 3a) « DEIRDEHDALE
VERERIDRE s IRK” I RR e - A I R T R B

FARERATC S B R (B 3b) o B3 W EA
H A i b I A T I R KR S DI AR

W
Sediment
curtain

Sediment

7> P iz B
trajectory

Sediment
trajectory

||Sediment
P curtain

b. I S 9Tvbit
b. Sedimentation tank IT

a. 1 5Pt
a. Sedimentation tank I

N/
Vb iz sl
ediment
trajectory
c. II Sytibity
c. Sedimentation tank ITI
T SO F R R, EAECR R R TR, BRI
I RURL o

Note: Solid arrows indicate the direction of water flow, right-angle arrows

indicate sediment deposition paths, and black dots represent sediment particles.
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Fig.2 Sedimentation tank sediment flow generalization diagram
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Fig.3 Test picture of sedimentation tank I ( flow rate 45 L/h)
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Fig.4 Trajectory and force analysis of sediment
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Hydraulic sediment characteristics test and mechanism analysis of a new
type of anisotropic flow sedimentation basin

Li Lin*?, Fu Hailin*?, Tan Yihai'?, Pei Jiansheng?®, Zhang Jun'~
(1. College of Hydraulic and Civil Engineering of Xinjiang Agricultural University, Urumqi 830052, China; 2. Xinjiang Key Laboratory of
Hydraulic Engineering Security and Water Disasters Prevention,Urumgqi 830052, China; 3. Xinjiang Water Resources and Hydropower
Planning and Design Administration, Urumgqi 830099, China)

Abstract: River sediment concentration is often high in the inland area of Northwest China. It is necessary to set up a sediment
basin in the main diversion channel of irrigation areas, in order to settle the sediment before the turbid water enters the drip
irrigation belts. A new anisotropic flow sedimentation tank can be used as a promising treatment facility for the secondary
sediment, due mainly to high sediment settling efficiency, and low ratio of water consumption, particularly on the removal of
fine and ultrafine particles. However, a systematic investigation is still lacking on the settling characteristics and mechanism of
new type sedimentation tank. In this study, a series of experiments were performed on the new anisotropic flow and bar-shaped
sedimentation tank under different treatments of flow rates and sediment concentrations. A new tank was also set with the size
of 96 cm length, 10 cm width, and 110 cm height. The results indicated that the settling efficiency of sediment was
40%-88.53% when the flow rate was 45-360 L/h, and the median size of sediment particle was 0.021mm. The settlement
efficiency of the new tank was about 1.2-2 times that of a bar-shaped one in the same volume with a slanted or a horizontal
floor. The amount of sediment settling to the collection tank per unit time was 1.3-2.3 times that of the bar-shaped one with a
slanted floor. The sediment deposit was 1.8 in the new tank, 26 times that of the bar-shaped tank over the same running time.
The desilting period of the new tank was only 50% that of the bar-shaped tank, indicating that the new sedimentation tank
presented a relatively higher settling efficiency of sediment. An analysis was made on the stress of sediment movement on the
plates that inclined in the length and width direction. Among them, the dip angles with the width and length were defined as o
and f, respectively. The first-order nonlinear differential equation was established for the sediment movement on the plates.
The velocity and acceleration of particles in different sizes were then calculated along the plates inclined in two-direction and
only one direction at different moments. It was found that the velocity of sediment movement on the bidirectionally inclined
plate was 1.6 times that on the unidirectional one. Specifically, the velocity and acceleration of particles along with the
inclined plate with the great dip (¢=60°, f=85°) were 1.4 and 1.5 times than that with the small dip (a=60°, f=35°) in the new
tank. Additionally, the velocity and acceleration at any moment on the two-direction inclined plate were greater than that of the
one-direction one, where both increased with the dips. In mechanism, the settlement efficiency depended mainly on the flow
rate, o and f. It increased with o and S but decreased with the increment of flow rate. Furthermore, the greater a and S
contributed to better settlement efficiency, particularly when o and § were acute angles if the difference of topographic height
was great enough during the engineering design of the new tank. If the height difference was small, a and £ should not be less
than the angle of sediment repose. The findings can provide a sound reference to optimize the structure and design application
for a new type of sediment settling basin with the anisotropic flow.

Keywords: sedimentation; experiments; sedimentation tank; water-sediment two-phase flow; anisotropic flow
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