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RN R EEE o VDR R — R — OB R RS T A Bt , A G HE VD R TE v A5 2 B IR
A, AWERALE O RE IR, T B E AT HEVROR o 45 BHL DR AR e v A R T D4R R Y — B B HE VD
3, A QU R TR AU AT B, 22 10033 B TRE 2% Y0 30 T 30 B AS [ o J52 K O I B JRE S, e e — A B A A
B BB 7 AR 45 S RO E T 5 A E O TR0 i BB N B B B v L, 7 ALk D R IR B TR VD BT RILZE o AR SCAE
AKAE R IT R T RACRL i v A TE S, RO R TR [ S AR RS DB HES X He s, 2R BV O
LG 22 WU HES A B, 57 3 o ) — 21 1 DR R S8 AR, X LUIS BV UM A HEVD ROCR s TR A S i v A
BOE R T AL 50 TE AN [RIE VD CAM Vb RE 7 AN R Bl S0 T XoF i 8 2 X  3 S0 4 vb, IE W OL R R AR I s 2
i VDA T e e HE A, 2GR HE D, Hil TORRIEY O Ia AT, BTt ik O R AR 2% Ho A
FRYIE W B T3 MO A o A SO 25 R W], 45 BE AU o b A7 3 1) 2 5 HE VD W JBE 1T 3K 400 ~ 700 kg/m, 38 15 T
JFF kS 5 28 100 kg/m®s Wi AR BUR 22 D00 HES Y 1.5 4

KGR RPN R ACR b YA E s bl KRR
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FEIL T REZEWE S EE . YRR, 7K E RO R Z I ™ E A Je v i) &, P8 oK
FIFB 2012 45 U8 A G b, 1l PE A 731 JE K R BUR K 16.20 12 m®, (5 K B AL 45 47.65 42 m’ 1)
34.00% ; BE T4 1019 FE K P B PE 45 404342 m*, W BUE 25 137542 m’, M % 34.00% "5 1t 4
1992—2002 4F B 74 45 3L 45 222 JRE K J2E IR R VD IR T 40 %, B A G il 442 m™ . PR VD IR T B
W7 KERTEE . K . R ERSTA G LR KRBLOR, kA TREEIE. &AM R0 K
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ZEHEYY . AR B . HEVIR L R D RS RISV A SR G, (A AR
HA —a il FVa R, 2. AR Bah ., s 4455 b, fELUAERA O 8k
Z U b /N KO A R, 7K 2 25 R S U R A AR 2 RO 4P K IE B s 7T 38
)i e i) H K )i 2 —

HE VD R 18 2 AR KRR, A K bR WK Sk 250 R 1 I B B R VD HE )
TR — BN AT DU B e T, dedr s AR, Sy SO e A — e i RAEk, HEY
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) e AR v O v A 8RR P ) HE R G R K R HE VD IR 1T R A 1 A SE AR Sy
li) A fe B 40 AT — i Bl A AR A R T S A B — U L A R A — R () ) S
L2 N i T W3 G I N 1= £ R 1 S R 1 PO R 1= (g 2 { W D | R4 Y B B N
XHE Y HFRA W R R, BUAHEDEE o 2 A BEVD FL B E O WY HES A 2k v fLATC AL
f Jey B A Sk B R B, A TR TE T Ui i R Vb fL g Bl R R v LG R e, = NI ORI,
VB T A RS L K R BN S A HE VD AL A R AR R R R R D SLHE VD RE R B
B S Vb DR 2, RUBESE A B AR R R OA B A A R HEVD ROR o BT 0 BUA HEVD R 38 A7 7 B4 1)
B, EXERE TR IER G, ARG ARG S, DL A AL
Ui 2RV TE K TR BEL AR S S BT I, DROK RN A A R VD L A I A K Sk R AR
M ] 8 25 A~ AN [ 1) 2 v FL R AT A () AT i b OR , SE BRI AR ST HE YD s RN il T 4% Ak v
FLARE ST, RIS A S o 1 B2, S 2 0 At VD AL i R R o AR SR SR RE D A A R 2
EHIE A SHE RGN B I T = KRS, o R RBOR AT IS, (R R T A% SRR T8
JPHES D FLA LA, — 2 W S AR HE S D 20 AT A5 4 A0 S A o

2 Rt

2.1 ZEMEAWREHED RS (RALE Branch, KB AR BrA) S AW HY R & WK 1,
F ARS8 5 R 36 mm . 68 mm Fll 102 mm (9 3E VA4S | 3R T45, DL SR 1148 DU 3@ V3 F ORI 348 08
TEU A ARG o T RS RUK AT HE VD A i, I O N B A5 A R B
IKEE FUEHE AL, IRE A T R
APV DR EPV R, E 2R, B

B AR, SR D, AR A Rt
PAEHECRS B BN d, B R TS A ol

. N i Vi
HEOMEER h, W e whl %

tan (@) =24 /(D - d ) (1 ErEEmE
_ . . o o v ol HIBRA]

Horfadt/NF RV TESK T IR MB, BRI it ik 11
WRVE T, I H R B v LR A7 8 — s R ! T
I 7K ' U i K T

CAETE— ML e T #EA A, B % T

— I . B3 4 B T, R O EAR N Dy, BEANT 2SR DR AR d, JERE
R R R B VTR IR, 22 DD a3 A B K I R RO BB 2, I 1 R e AT — A E
BET, AN HE VA AN TR (9 75 ) i 3 DK AR B9 e % B IR T RS T2 20, S B A% Ak 1A 31 S04 i
SFH I H 4

L (D)

K2 BivbE it E P30 PO I R
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4 HE VA — 2 XA, BRI (1P 40 cm,
M L B T RE 20 emo W KA 5 A B 2 4L,
[[] ¥ 100 em, JCASZEILHR AR AT E
22 #HOFIRF HE S B h D R E % E (Se-
quence, fAIFR SefH) XJ i IR S T A K E
O v UD S T A R, UE O HES R UG
BT EEED ., W EWABHRY RGE XTI,
M E HE 5 R HE VD RS R A A BT 8 AN T,
Bl 4 7R . B4 GLFF HE B 0E 110 oy G 8 A

JBE B A GE N AR 4 B M 36 mm, 57 mm,

82 mm. 102 mm MY ¥RVE LR, BYAFIE LR 2N O, M DR FEE 210 mm. KR
H4.17 Ls, BSOS, AP SRR E R 0.521 Ls, it nl LIrE 54 S 18 P 19 3
HO(ME D), B 0.447 ~1.02 m/s, R FIRBWP MRS WE, RPDESREENASRE,
AR B E, FESbRET P i TR O E IR AR, &3 08 ARESRSFE—EE
5, SECEPR S SRR AT

1 A GUEIE N A BT E

i H A 1 2 3 4 5 6 7 8
JHEiE B A% /em 3.6 3.6 5.7 5.7 8.2 8.2 10.2 10.2
11 B /em 10.2 10.2 25.5 25.5 52.8 52.8 81.7 81.7
WA /(LIs) 0.521 1.04 1.56 2.08 2.61 3.13 3.65 4.17
JBE 8 PN 9L 3 /(m/s) 0.511 1.02 0.612 0.817 0.494 0.593 0.447 0.510

23 KEADBEIARSGE K AEK TS 354 210 emx80 emx90 em BI/K A th i 17, EE ARG B L
FALKRE R b, PR 15 mV/h(4.17 L/s) . SRR 10 m, P22 kW WK . 72K )2
A B AR, WK DR IR SR e, AR T BCE AR, Y O R DUOR AR A I AR
A . U RGESIEOKE . BIRE . B8 — BRI R B R Ge, Al fp2efgihis e s AUl
WAL HEVD 2 G 2 A B VD 10 8 Ak, KR R 2 e O AL B wh VDA 1 R SRR 1

H KR AE R BRI W, Dy =020 mm, SMERMS= [D,/D, = J0.35/0.12 =1.71 , HFL £k
WK S5, 100
24 MEBARMAZ WEANFEEQERANE |
195 Vb i M e 2R AT, BRI B 5 R E

(DEWE: ERRE Fumi sk FEAETL,
51 ELAR 20 mm B K TE, JH 2000 mL A %
—JE B I (1] [ o 4 BT KA i 29 2000 mL, T 3E i
KA YRR, BT ARE SR S T

(2)JRFRHIE - KAl P BEAT | 10 A B 10 421kl 0
& (Ground Control Points, GCPs) 7 k5 #fg I == H = 4
e o R BE T AL I I A 3 1 SR R A R
W, kB R B S T2 0.3 x0.3 m®, [ B A R
KECHN 80%, HAHIAIFAEE I 29 1405k . B JH UG B S GCPs AL FR 5 A Agisoft PhotoScan Professional
BAFERAR 1.4.0), KAz shkE 45 #) 5 1 (Structure from Motion, SfM), #R 38 2 40 F F 1% S i H AR HL
(112 ) Z HOM B br 9 2505 2, SRIBCH XN B AR 9B = 4R s, AR R DA S R S )
MEFRE, 29N 0.005 m.

A,
X

60 -

40 |

INTHRARE 43 /%

20

10.0

KA /mm
5 a5V e ih £
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()M . G TF IR BTKRE N K L, & U 05 TR 5 /K AR E 2 min J5 TT IR AR
M, HEETUREARE RSN, SALENRLEA2h WBRAHRIEHARETEK, %18
Fe K8 PR KHE S, SR 5 0 2% AL U0 TE B0 ool s <1 R T PR 8, AR 4B A5 B

3 K%

31 BrARKAR FHOME D RGBT T 440K (Br01 ~ Bro4) o & 4 Ui 50 o 72
L/

(1)BrO1: K VD 2 HF 8 O B, MK HE D INE K, A v 16 487 3 I Dk 11 45 7
Fgs R v, % S, My 2 Fi VPR DL 80 mm I R EIKT- . L2 18 ok 2= ¥ it K AL (FE K
FETE 50 mm) , FFJE VDR IIE LU R Sk ZIF AR5, K AL i th 2 A KR iy BBk 4, Db
DLRERN VD, 58 I IR S K T B AV 29100 ke, VB REIEELEZY S min, & 6 R i B0 o B2 BE A,
HorbE 6(a) AR FLAT B GO, Bl 6(b) . B 6(c) 2 il ik B TR A FT . il 2R A7 P A 20

(2)Br02: 7& BrO1 A5 i vb i b, MK JE D 4 3E N 58K, B0 KEE
e, ULWIE B RS IE N JOE JE o BrO1 350 i 8 Be v TP (BT U s R SR AR YD R S ) . 2%
K E B KAL, BshKIEIZAT; B4749 37 min B R IEE DGR, KR B R Sk
T B vD L A2 AE I R R VDAL U AL T B R SIS AL

BARAMRIAF

s

(a) HEDE AR EAFOL

(e) B R & VDK S KA
Ko ks

(3)Br03: MWLM, Y m S VKB R A2 JE R, % D gle vV L% . Br03 41350
JETE BrO2 41356 JE Al TR, Bl BHLZE A A2 K DTl , AE45 D H BrO T A B, B VK I 40 B
S, HAR KRS Bro2 41 AR .

(4)Br0O4: KW A 5500 510 7 5 Bro2 41K AR [R], B Fe o il i, 3K 5 K 44
vk 80 kg, JMyL A MBI EFLEZ 5 min.
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32 SeHIRKEAR

(1)Se01: 58 8 18 A U 5 F 30 V0 3 58 AR T 3F 148 DY g B2, DK RS M 11 i 11 48T 3 N T
K, AT S B VD B2 50 mm, AFAHIE IRV, B vb R % S 3 0 Z R 00 YK AR IE /A
MY RE . Mo AP RS, RSNy RV R DL E VDR 80 mm RO o Ak K EE i K
A UL A OV AL B VD A AR AN DU TE TR TIE K . A DY . YK ALk BBk
DL I IOK o R Bk AEE AT RS e b A 1R o iU i, 5 BrO1 A AR [A] .

(2)Se02: 352 B N AIR BRI, 44 18 Se01 411 56 £ /K A8 o 38 FE Al A4 U =1 e U111 B2 IR 32 72 U
o MUKW K, &3 08 SAKat S, RUIEN#EY, #0808 E. K2R
JE iR s K S, B IF R 5 KK EZ A0 A 80 kg VD, VP HHE 29 5 min, J5E VPG IR
I P AR E L BT, 5 Se01 4 —3 .

4 I gE R

41 BrARBWER WK WNERD, RIS AR AEE . KRG NAEE XS, 1
VI NG RS RSV & 2 T R T D B A TR R NS i A 5 - 2 N {9 T S o L L 9
U P 2 R K s g, AU A SRR S HOKE R, m s VORI AT i HER IR . RSP
JE I FR B 5 VKR K R s Sl S VKR AL, R B R GE ALK R TR IR BE R R T K
o

HT PR B2 IR =4 5 = R U IR 3BT, BrO1 41056 45 o5 TR Mg B DL 7(a) , 0 F A8 45 5 DA
22 BRI TN HRUCON A1—A8. M Ha] LU M A i 8 A 1A IR N = iR R A, BARIEA —
B, OIS BE TS A BRI AT, A AR RE FE IR . AR AR MR R A U A AR UL 7(h) ¢

Z/m

(a) M=k (b) %Rk H
E7 BrOl 41Kk 5

WISV RN R R, RBFLA10min UG, SVECEA KL, K4 E
700 kg/m’ BN, BEWIEEAS RGO KREBCOPA, ol - R AR E , R 8 TR

BrO2 i 50 /& 7F BrO1 (9 S i b3k vb 1w J5 647 00 iR50 . AE38 47 2 37 min LA, PR AEAE TR
M, (S WK A T R A2 EK O IR B, S UK R R R, AR A ZE A2 HE
B, R AR, RBUES LA 9, R LE R R, W HE YD FLE 8 8 % & vk v ok
T, AAEIK R IUB T AR R A T L W SR TR B B VDK, WA AT RE R R A i A E L MR R
S vb M R, fEA2HEVD OBHEZ R, RS U KBURFFLE 600 kg/m’ 2247, A2 HF 1145 BH %
TS RPRE, RENSS5HEAMP RIS, SR BRI, FHLZR 250 kg/m’.

BrO1 i 50 R AE K F s ATl R pomvd, 76 WALl 7 b Bl ) S V0 1T 5 BrO2 a8 56 W2 76 O 8% V0 T
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1000
—6— Bi01 —5— B2 —o— Bi03
—2— B4 —0— 501 —A— Se02
. C\s—a_o———/ﬂ\g
= 600
)
=
i)
& 4001
Rand
B M
o . . I | .
0 20 40 60 80 100 120
[ [] /min

B8 AUl Uik o v AR fhid

F UG AT 0 R B, SR AE v v R R R o A v
s R4 B R0, 18 Bro2 41550 A2 #F 1 P %€ 2
B, Wf T FERE BTN ECEYE) AR

R, WIH, I H RN ﬁ
BrO3 i L T 4 BrO2 ik %, R RBUE S S 50'3

BrO1 AL, {H % ¥0 & 1L BrO1 /), DL 8, JLJgIH —
B WBUOE B D T L 5 2 kRSP b T 04,
RBEE R TF IR, Zoah WK B0, A P R B
WIEWE S, KR TR A RE, =
Tl L 22 01465 0 7K A T 9 VD R, B o v
REAR, 5 VD i 4EHF7E 400 ~ 500 kg/m’,

BrO4 1256 76 12 50 7 7K M8 P4 f 70 05 5 3 LA I
SV R BT ek . KR, MK 19 BO2AIKI S AR D
7D 80 kg IABURTIEA LI 10(a), 52k B LA 10(b) . & vk b Br03 413K 56 A7 W1 5 14 fin (L 1
8), HEFFTE 600 kg/m’ IR, HA/NF BrO1 L2, X F 8L i TRV %508 22 57 = A i 25 3L

TEFE 7— & 10 MBI b, AT LU B 2 A B b S0 @ T, 2 W0 (U 10E AR A AT P 7
7 0 S 1€ TS £ R A TR RA A T 0 VD RE T B A R L, R B D A — R
Vo A5 AL IR HEAK L B4 Ve, TR AR T Sk ot i v TR A

(b) A EkIEl

10  BrO4 £H Uik 56
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42 SeHIXIBER SeOliXI MW AL IE S BrOU RIS M, FUEJE LU 4 1 R Wi w451 . W0 %
W1, eI T 05 Je Vb AR AR BRI AR, & v R/, 7E 20 min 5 KBRS LE 100 kg/m® 22 A
(W 8). F 11 MRBRIEIES, 7 LirEBA W8 MR, BLAMB2UE & E giiE%, N B3—BS8
ME VR B 0, TR T — AN B MR A K T8 Bh IR 21, 55 W A B8 SR 1A IR A e K i 2 R
530 9 TR L K TR T e Sk A K R R ST AR AL, R DR T A B G, PR KLY
VBN, BT VbOR B S, I W I Ak 1

11 Se01 2085 A = 4 1 ¥ [&]

Se02 i 25 1 55 SeO1 AL, HZ R AT 0] 4 3R Z 24 5) A 80 kg e b ¥b it BUE 25 fnn 1&
12(a), FmELWE12(b) . NP LG RGNSV B RMERFERE, KEE 40 ~ 110 kg/m’ Z 8] 8 (0L
Bl 8) . REMAN SR Se0l A I 2, (Bl TRV FUFB J A o, [ B 2 v 32 38 o fi e v
R, ZH5IEHRMIRIE—F W0, 1l Se02 R K & Vb & BKME T Se0l IRI (10 & v, WA
SIT/R o I LI ], RVDIRIRAE LU B AL, BRI E T R 4T 0, HEI R4 kD
EREMEKIZAT, Ml A i i DTS, HEV RG0Im i 0 s, D RE I REAR, S
FEARIT M A, BRSO LA E O B K R LA B D 1 R AR Bk s kg gE, XORP T
B C E I bR R 5 28 B BT R, 7E BrO2 IR ER T, A2 HE AE BRI S R, OF
R XA AR BE T (A1 F A4) (0 1E 3 328 17 1 AT AT 52 0 o

Z/m

(a) M=l (b) FrLk

B 12 Se02iX 5
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AR A T T e Sk A K Rl R 2 R, B A R A L SR IR S A R B ), B
T 1 HE 118 R VA A2 B 10 B 7 Sy A 0t U R BEL g R A B R 1A S N 1 SR R BEL D, AE 4 DA Y A
&, R sk O B O B i 4.7 A, LA LA P 13, AN R CVE B O A L Q.
YNGR S I R VE AW R

Q, =0.785xe "™ (2)

R 2 R W] LAAE R Se 2 YRR (0 — AN E , BRT b v R T U R R MR 1A A Oy =K
Ty FEACREE B T, T R R )RR PR RO, R AR . G A T AR T R VD Ak Bl
WHE, RV E N, B BRERE, NI S N, RI Y YR R R 2
AT, B R BB 094 9 I R TR YD R B A A B e R R E

MR A SC Se H R B0 25 R, WRKIAIS AT, 28 10 oh v R Y o el 5CR AR T 5 O R
B, A e 30wl v JRi o] R FA L SR HE A A 22 HE 100 R X LS BT Y S B S A A HE
PROR

0.5
Y =0.7579 + 057X
0.4 +
R2=0.996

= 03
RN
4
m@ 02

0.1

0.0 L

0 1 2 3 4 5

P13 A R S TR B E R

4.3 HREIREFE AR A A5 2 B p R IR 2 0 45 R 2 B AT LA S R U S R AR S e R R G
F, LA vb BT R s A TS A SR L 2 S 14 (a) (2K A T8 B R, vh e - R R B K20 0.15 m
e LG B S BEA S, e B R THSEE E A REAR ISR il I 2 A AR o AT L, AR AR HE 1 Y
Br 41 of il U 2 49 K F 00U HES 1 Se 4115 3 7E BraAl Uil g of, BrO1 55 BrO3 kil s <F A U K, Bro4
DRI S e TR BB /0N, BrO2 [N 35 2E 1 A2 Bk 1AE T s bl s <1 AR BRUdR /N 5 7 Se ZHUCIK B 1, Se01 i
Wil O < AR AR R, T Se02 iy TR BN b By BURE 22 W Al o s <0, P AR o D 2
PR AR B /NI o I Br LN Se ZH UG 36 (9 - S (B0, 79 3 ol O < AR A FEAEL WL 14(b), AT LA Y
TER I 0.05 ~ 0.15 m BSE BN, B Uit 5 19 ol il 3 21 S Se 2H Ui 46 il O <1 89 1.5 % ¢

F2 AHUR RS (¥fii: m?)
5 % /m BrO1 Br02 Br03 Br04 Se01 Se02
0.00 0.000 0.000 0.000 0.000 0.000 0.000
0.02 0.011 0.010 0.009 0.010 0.010 0.009
0.04 0.024 0.021 0.020 0.020 0.018 0.016
0.06 0.041 0.035 0.037 0.034 0.027 0.024
0.08 0.062 0.053 0.058 0.053 0.039 0.035
0.10 0.085 0.073 0.081 0.075 0.053 0.048
0.12 0.110 0.095 0.106 0.100 0.069 0.062
0.14 0.136 0.119 0.132 0.127 0.088 0.078
0.16 0.162 0.145 0.158 0.155 0.109 0.095
0.18 0.189 0.171 0.184 0.183 0.132 0.115
0.20 0.217 0.198 0.212 0.211 0.156 0.137
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0.20 0.20
0.15 0.15 }
Ef( ——Bi01 Ef(
0.10 |
£ —a— B2 i 0.10
—o— B103
0.05 | —a— B104 0.05 F
—a— Se01
—0— Se02
0.00¢© . . + + 0.00 & . .
0.00 0.05 0.10 015 0.20 0.25 0.0 0.5 1.0 15 2.0
TR m? TR AR
() T2 FR (b) A/BZHIR Mk s AR L

14 ol =) B e 2 AE AR B0

5 iRy

TE 22 V0] b AG S B0 e DR DR o Y AR X A K P £ B, I R el T8 A K R TR A B Y
BAESS o ATAER,  ph D ER IE DRI W BRI A2 BB 2 00, (H AT b R T 7 A% 2E 1Y R E
M FP HES , — 5 T R AR Sk B K, o5 — T L Ui R AR R, JR T g S /D T 3 i IR
B, KA I i AT ZR Y T RSk A O R T A e T, 3 A (R A R b BE A AN AT
N AN U €)Y &8

S5 BHL B SR e v A T R — iR B 1 Z2 0 11 nh VA TE AT B DTS, R Z AR TE T A U TE B
AR Ay B 2 AL 10 B T 5 3L 20 T B A [ A JBE 1) 5 1w i B R, DR — R A R R Bl
BH MRS s 7EA DB E BB Ry Vb B, By 1k Bk 1A B

oAy 56 UE 45 BEL g AR A o v b A ) P YD ROR AR SCHE KRR b AT TR TS, IR TR T AR )l 2
PFF B 4% GE R 18 22 0 DU HE S A il i, LI AS [/ 90 56 26 18 R R Geas AT & vb AR AR X kv 1
Tl s 21 00, B2 R R

() PR MG 3 s 3 /0N 3 S O T A W9 R g A B AR R 22 Bk IR HE 1) 0 o ) B T E a4y i R
AR P S RIS R, AR HED S RE s E TR 8t i, & A 4 T
BTt O REIE W 247, FaE HEVD VR EE 20 100 kg/m®, il I 2} 42 v o2 TR i 8 10 B

(2) ZERH A AU HE 51 07 G2 AR B R AF, IERRE B0 84S LN BEA RCHE VD, R H BLIA 34 B
2, FasE HEVD MR R 3k 400 ~ 700 kg/m®s 25 5 VPR AR FP R 1) B — BV TV, 2 S B0 RE T iR
¥, AR AP D R AT s BRYCEIE B HE 0 Ah, BERURLHES vh U0 T 2 3 50 00 A T A R TS
F o, JEASHARL, REI& I DK SR AL, HEVDRCRA Y .

(3) S5 BH 7 B ASCIRL oo il s <1 1A AR 240 S TPy HE B o B s <1 P B AG) 1.5 4% <

WRIEA SR AR 7, ZHE0 A RS R b —AE a0, R SE i 4 ik 1 =l
4 BEL g AR 5 B0 e 3 B RORT o RS2 PRz T, RS R S RT AR B B 1 OO ek B A S, i
U SURIUINEE 278 DR EIE

B2, g i EAA L, SFRL B0 ehvb A I BT A5 B, RUARRER, Gl N R | R
RO SRR, AR AL G b vb I A 807 5, AT — g )T A T 3R

Z * X #:
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VAR g 3k 11

Experimental study on an equal-resistance

and tree-like branching sediment flushing pipeline system

CAO Liekai', LIU Chunjing’, REN Haitao', DUAN Yanchong', GU Leilei’, LIU Fei’

(1. State Key Laboratory of Hydroscience and Engineering, Tsinghua University, Beijing 100084, China;
2. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin,

China Institute of Water Resources and Hydropower Research, Beijing 100048, China)

Abstract: Reservoirs built on a heavy sediment laden river must confront severe challenges of sedimenta-
tion, and the reasonable and scientific measures to restore and maintain the reservoir capacity are of great
significance to keep the comprehensive benefits of the reservoir. The sediment flushing tunnel has been con-
sidered one of which facilities with one—time construction and can be used in a sustainable way. However,
the different inlet ports in a traditional flushing tunnel are often arranged in sequence, as a result, the suc-
tion capacity of different ports is uneven, which seriously affects the effect of sediment discharge. Equal re-
sistance and tree branch type sediment flushing pipeline system is a new type of sediment remove measure
proposed recently. In this method, the pipelines at different levels are arranged alike as tree branch, and
the rotary flow of multiple confluences eliminates the influence of water flow acceleration at different angles.
It is designed according to the principle that the flow resistance from each inlet pipe to the overall outlet
is equal. Moreover, an up-side down iron pot type shield is installed on the top of the inlet pipe to pre-
vent it from being blocked by the falling sediment. In this paper, a series tree branch sediment flushing
pipeline system experiments was carried out in a water tank, as well as comparative tests based on the se-
quence arrangement inlets under the same conditions. The results show that when the multiple inlets was ar-
ranged in the sequence way, as them in a traditional flushing tunnel, half of the inlets located at the far
end would be completely blocked, making it difficult to achieve the expected effect for sediment flushing.
However, the tree—branch flushing pipeline system effectively overcomes the defect of uneven pumping ca-
pacity distribution of different inlet ports in the traditional tunnel, a state of uniform and stable sediment
discharge in its covered area without blockage was achieved under normal circumstances. When the high
concentration of sediment flow focuses to a certain inlet, which will be blockage gradually. Nevertheless,
due to the independent operation of different inlets, the blockage of the inlet will have little effect the nor-
mal operation of other inlets. The test results show that the stable sediment concentration of the equal-resis-
tance tree branch flushing pipeline system flow can reach up to 400 ~ 700kg/m’, which is much higher
than 100kg/m® in the sequential arrangement, and the volume of the scour funnel is 1.5 times that of the
sequence of multiple ports.

Keywords: sediment removal in reservoirs; flushing pipeline; scour funnel; flume experiments
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