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Model test of flow improvement effect of the permeable oblique sill on the bend in spillway chute
TENG Xiaomin, CHEN Wei, YANG Jinmeng,ZHANG Qinghua, ZHANG Jing
(Collegeof Water Conservancy and Civil Engineering, Shandong Agricultural University, T aian 271018, China)
Abstract: In order to explore the flow improvement effect of permeable oblique sill on the spillway chute bend, we carried out a
model test of five permeable oblique sills (laid at an angle of 45) with a permeable rate of 27 9%, 37 9% and 49. 5% . Based on
the test results, we calculated the water surface evenness and the corresponding improvement rate, the water surface difference
betw een concave bank and convex bank and the corresponding decrease rate, so as to analyze the effect of different permeable
rates of the sill and different flow rates on improving the flow of the bend. The results were as follows. Firstly, the permeable
oblique sill set at the bend could strongly improve the bend flow, increase water surface evenness at the bend, and decrease w ater
surface difference. Secondly, permeable rate could affect the flow improvement effect. Under the same flow rate, the smaller the
permeable rate, the better the effect of the sill on flow improvement. T hirdly, the effect of the sill on flow improvement would
vary with the flow rate;the effect was more obvious when the flow rate was low. Regarding the im provement effect on the w ater
surface evenness at the bend, the different permeable rates or flow rates did not make much difference.
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Fig. 1 Sill layout at spillway bend
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Fig.2 Permeable sill design
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Fig.3 The layout of water level measuring points

(2) M A% 25

ARG 3 1 e ) RS, SR R LT Y
FAMW AT A1 E-magC AL H 18 1T iR 56
TiEe FKIRINE: R 2 oA IEZK S A BRA
FIAEFE ) SX40- 1 RBUR KA AR, K5 N 0 01 mm.

2

2.1 KAKEHR 5 H AR

T AL T ME RS TE B K AL LR A A R B AE T,
AT A BT T K IR AR AR A, T R KR B & T R
TKIR, M R [m) 7K THI U RS, B K AN 5] . 2
TH B ERME B H 1, 28 T MG MK R,
I, AT S T KA A R T FH A S T TR K TR 3205
J5£ 5 TE K 35 20 FE $ s L 5 25 30 1 I e KoK T
7 B BT T B KOK TR ZE BRI 4 S FEhn R R B,

(1) Z5TE A TR T35 5] B

5 AT K RIS S0 B IR 25 T B Wi 7K T
I35 )1 o, (1) TH A

W= [1- 2—}}] x 100% (1)

X Wi EIE | BT K ST BE( %) ; ah N
A R TI AKALI AHKIRZE P (B ( mm) ;
hi N5 IE; R K mm)

Ahj~hi 3% 2) 3R(3) T

S hi- Iy
Mby= (2)
._Zlhji
W=t (3)

A b N E ;BT 0 S SE I KR B ( mm) 5 n
S TE 7K ORI B B

FHES SE A Wi 7K T 3505 BE R~ B K e e #
L BoK i A1 i, B

_:,ZLIWjo

Wo=" m (4)
KA Wo REE j MW KIS E (%) ; m HE
TEAE W T 2

L AT TR /K TRTSA) 5 58 S 125 3 B A T %
RUKIRIF 5500, AR 100%, Ui B2 T8 A
W T 7 0 BR 57 5, 2 W T %% R UK IR A (R I, Wo =
100% »

(2) Z5IE R THIK 5] FEIR M .

FHES TR W T ZK T 35950 FEHE % R e S T
BRI S L3 WA AT AR S K A L, S TE A
T ] A I P 4 S R

KFITREMR  » 173



F 16 % B E 98 H1- mAALE S AR A& 2018 F£ 10 A

B Hem e 100% (5)

b BONRE T K I35 ) FEAR =28 (%0 ) s Woe NH
AR A O T R W T /K T 35050 BE (% ) 5 Won TG AR B
L N REWT T K T35 515 (%)

(3) &5 T T M0 R A AR T

LS T e /KT ZE A2 253 % M T TR [T R K
TRE ™ R KIR 22 )i KA, R VS TE W KR S
ST, ] B K T ZE R G 1 0, 4 T 2B

AH wa= max {lhji— hi2l } (i=1,2, . m)(6)
o AH w29 %5 TE 1 W7 TV R B OK KT 2
(mm) ; hj A TES j AR AL Y5 KR ( mm) 5
hio NS TS j ME T THIAL ™R KR (mm) o

(4) 25 TEAE BT U1, K T 22 BRI .

LIE B ERER B 52— & B W Y 5
KT 22, [R] ek, FH BT T 10T ¢ e 7T 22 PR IR O e ok
A TC AR BN 2538 BT K T S

4 150 m3/h

N WMOO% (7)

b N 25 A W 1 1Y 52 KT 22 PR 2R (%0 ) 5
N ATEREINTY 2 KT 25 ( mm) , Aha= hai— b
Ahne NA BN, BROKTH ZE(mm) , Ahe= ha— he;
ot NTE RV T 7K ( mm ) 5 B 9 TG R 7 R 7K IR
(mm) ; ha A FHE M KR ( mm) ; hea NA RHE M
K ( mm) .
2.2 KAKEXRSAH
2.2.1 THEAEHEEZRERR

(1) Z5TE A Wi 7K 1 2 0 2 45

A 56 o0 R I K N 0427 9% 37 9% -
49. 5% J TR 5 B B, i &8 5080100120
150 m*/h 25 5 PP S & 7518 & bR WA [F W
TR KR B e AR 48 5000 & 45 IR, 2 &
150 m’ / h 150 T, A 638K 26 5 TR 4 0F T 25 5%
41"y SR BB T /K T 2k, LI 4.

Fig.4 Water surface line of vertical profile of concave and convex banks at the bend with a flow rate of 150 m3/h
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Fig.5 Water surface line of the bend cross section with the largest water surface difference
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Fig.6 Histogram of average water surface evenness of bend cross section
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Fig.7 Relationship of water surface evenness increase rate with flow rate and permeable rate of oblique sill

B 7(a) B W, FEA FE KR AR, BRI
B Q= 50 m'/h BKZEN 49 5% HTEBLAN, BEiE K
SRR, KT 3550 FERE 23 S i/ s, AN KAl
X SIRERE iR K. KA MBS ANE KR
HEAT L, 25T R T T /K THT 35 20 32 i R A AR IR
& Q= 50 m*/h I 2. 8%, Wik Q= 80 m*/h I Ky
5 3%, & Q=100 m’/h A 4. 0%, i Q0= 120
m’/h BN 6. 0%, i s Q= 150 m’/ h B4 5 2%,
W 377K AR ANIZS /KRR 2 TERE T T 24050 B4 v
FHZEAKR; IWE 7(b) & 2, 3F 7K A 7 & A H
i, B A A K, K T $850 B B v R DN, T
B 50 m’/h I, T T K T 5 AR B . R4S

FM A K A R M O /K 3 &) B &
K KZEAH N, 1BEKE Q0% WA 14 9%, 5 KZE
27. 9% N N 15. 4% , iFEKZE 37 9% NN 15 9%, i3
IKZ 49 5% 8 18 8%, i B i K bk K, AN A
T S PR R K
2.2.2 KEEXREHRR

(1) 25 MY R KK 22

R A B0 F A 538 Wi KR, %X(6) THE
53 AT R R R KT ZE 18, i) AN ERE:, AN
[F)3Z5 7K 28 25 A TR 25 A IR 1M1 e ROK T2 (L
J7E, W 8.

KFTIEHAR - 175 -



F 16 % B E 98 H1- mAALE S AR A& 2018 F£ 10 A

8

Fig. 8 Histogram of maximum water surface difference at bend cross section
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Fig.9 Histogram of maximum water surface difference reduction rate at bend cross section
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Fig. 10 Relationship of reduction rate of average water surface difference with flow rate and permeable rate at bend cross section
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