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Table 1 Model parameters B4, em
FFR w b s W P i P,
A | 0 13 2.6 7.8 7.8
A 2 1/16 13 2.6 7.8 9.33
A 3 1/8 13 2.6 7.8 10.8

AR5 I I S 1 X R 2 R 3 N DR, A 453 AN, s 2, HEREAET UB KR 1, Ak
138 A s HFR /KT XS 1T, A i 120 /NG HEREZH A 5 AR X I, A5 195 /NI e, 2 i) )
ST BRI B KR EER 1 om YO IR N, X3 3 S 4 5 Tt RS A DX SR A B AR oA ) XA T 7 0 %
I LA Qy,, (30, 45 F160 L/s) . JiEHE S(0°, 0.25°F10.5°) AMHEREHSE (0, 1/16 F11/8)3 FhAS LN T
7 IR T (R 2) o BAE L DX 32 SRR AR A5 e, 7RSS oD B A SR ME A, BT IR ZE
Ko FTFIE, AREH PSR ESL—BEERM 0.9, W32, FRKRREEEFFIGREE, AT ) i) 5
50 s, FRAE 5 000 BRI (u, v, w)



53 1 B, 45 BB £ I 2 A M R 467

I I I

30F

20F

10 (e \l T
. S
SN PR
= o

-10 1 |

C
_20._
-30 -
0 10 20 30 40 50 60 70 80 90
X/cm

B2 s A

Fig.2 Layout of flow velocity measurement points
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Table 2 Test conditions

T Qpon/(L+s7h) S/(°) 14 W
TH 1 45 0 0 0.9
TH2 45 0 1: 16 0.9
TH3 45 0 1:8 0.9
T4 30 0 1:16 0.9
TS 60 0 1:16 0.9
TH6 45 0.25 1:16 0.9
T 7 45 0.50 1:16 0.9
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Fig.3 Flow velocity distribution of bottom layer under working condition 2
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Fig. 6 Longitudinal velocity distribution behind the weir
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Table 3 Relative area of longitudinal and vertical negative flow velocity zones under different working conditions

A/A A/A A /A
w Qpon/ (L= s71) $/(°)

1) T[] ] T [1] NG| Ea|

0(LH 1) 0.15 0.38 30( L 4) 0.14 0.39 0(LH2) 0.13 0.42

1:16( T-#.2) 0.13 0.42 45(TH.2) 0.13 0.42 0.25(LH.6) 0.14 0.21

1:8( T.H.3) 0.11 0.25 60( T 5) 0.10 0.41 0.50( T.%.7) 0.14 0.25

HIIEL 7 AT ULHE S R A 2 AN S RRRAE . (D PN 32 %y 3 1] 630 2 DXl (1) R ) LRI R A
4, B G ITEHRR ORI s (S T HE A S 2k b, BRSO IR 1/8B by @ HEU HKHE O
e ] RO R () ) o B 7 (a) —T&1 7 (e) FIEE 3 T, RESEIER, a m f 3 X 0 ARG 4
TV Ul )s | JH O3 4 X R0, T v i DX i T 30 Bt S T R, AR 7 () — 1 7 () Al 3
R, B UG O, i 0 AT DX e AR PR R A A e B B, L i 7 3 4 o (S

40
30

40
30

O I O AR A
R by €

-
-
I

=30
00110120 130140 150 160 170 180 100 110 120 130140 150 160 170 180 100 110 120 130140 150 160 170 180
x/cm x/cm x/cm
(a) W= (b) W-T.1%2 (c) W-TH3
40r_ ) 40 40

307~ = 30 30

ylem
(=]
)
1)
+
)
)
1)
!
4
!
L

L A

100 110 120 130140 150 160 170 180 100 110120 130140 150 160170 180 100 110 120 130140 150 160170 180
x/cm x/cm x/cm

(d) O~ T5L4 (€) Opov~TBL2 (0 Qnon-THLS

[ N AR A B
[ B A T T T A T T T}
L A T A B A T A A A N TR Y
4 BT L T I e R

L L

100 110 120 130140 150 160 170 180 100 110 120 130140 150 160170 180 100 110 120 130140 150 160 170 180
x/cm x/cm x/cm

() S-T-H2 (h) S-T0L6 (i) S- 57

w/(cm's™)
-8-7-6-5-4-3-2-10 12 3 4

S R 9 5 Y 0 e

Fig.7 Vertical velocity distribution behind the weir
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Fig. 8 Longitudinal turbulence intensity distribution behind the weir
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Table 4 Average value of longitudinal, transverse and vertical turbulence intensity at the bottom of region III

o,/ o,/ Qon” o,/ o,/ o,/ o,/
w S/(°)
(em-s™1) (em-s™1) (L-s™1) (em+s™) (em+s™h) (em+s™1) (em+s™1)
0(TH 1) 117.44 30.83 30( T 4) 299.55 35.42 0(TH2) 134.95 36.30
1:16( T4 2) 134.95 36.30 45( T 2) 134.95 36.30 0.25( TH.6) 258. 69 47.06
1:8( T 3) 286.76 46. 68 60( T 5) 170.41 48.21 0.50( T8 7) 372.60 62.99
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Fig. 10 Turbulent kinetic energy distribution behind the weir
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Experimental study on the effect of arm slope on turbulent
structure of weir-flume combination

LIAO Wei'*, ZHANG Weile’, WANG Wene’, WANG Kun', GONG Zhao', WANG Fangfang’
(1. China Three Gorges Construction engineering Corporation, Chengdu 610095, China; 2. Key Laboratory of Agricultural Soil and
Water Engineering in Arid Areas, Ministry of Education, Northwest A&F University, Yangling 712100, China;
3. Nanjing Hydraulic Research Institute, Nanjing 210029, China)

Abstract; The weir-flume combination facility is advantageous for flow monitoring in mountainous areas. The sedi-
ment distribution behind the weir and the downstream erosion can be affected by arm slope owing to the changes in the
hydrodynamic characteristics of the weir-flume combination facility. To further explore the influence of arm slope on
the flow turbulence characteristics of the weir-flume combination facility, the bottom flow characteristics under differ-
ent flow rates, bottom slope, and arm slope were analyzed based on the hydraulic performance test. The distribution
law of velocity, turbulence kinetic energy, and bed surface shear stress were obtained, and the mechanism of flow
energy dissipation and erosion was revealed during the operation. The research results show that the arm slope affects
the lateral flow distribution. The increase in arm slope causes the water flow to be concentrated in the middle, and
the flow behind the weirs on both sides is strengthened, which increases the risk of retrogressive scour. Compared
with the Reynolds shear stress method, the modified turbulent kinetic energy method is more suitable for calculating
the bed surface shear stress behind the facility. The larger values of the bed surface shear stress are mainly concen-
trated in the area behind the weir on both sides. Large-scale vortex structures are mainly focused on both sides of the
flume outlet, while other vortex areas are distributed in the area behind the weir on both sides. The increase in the
arm slope and bottom slope leads to an increase in turbulent intensity and turbulent energy on both sides behind the
weir, which intensifies the energy dissipation of the water flow under the weir and effectively improves the energy dis-

sipation rate of the facility.

Key words: weir- flume combination; arm slope; retrogressive scour; flow measurement; turbulent fluctuation;
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