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Experimental Study on Discharge Parameters of Polygonal-line
Low-head Practical Weirs of Sluices
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Abstract ; [ Objective ] At present, the calculation methods for the discharge capacity of polygonal-line low-head
practical weirs at sluices (such as the discrimination of the submergence limit and the calculation of the submer-
gence coefficient) are still incomplete, which brings considerable inconvenience to related engineering design. This
study aims to investigate the submergence limit discrimination and submergence coefficient calculation of polygonal-
line low-head practical weir flow, and to propose corresponding discrimination criteria and calculation methods.
[ Methods | Hydraulic normal model tests on the discharge capacity of polygonal-line low-head practical weirs at
sluices were conducted. The model conditions included a weir height T<2.0m (T=0, 0.5, 1.0, 1.5, and
2.0 m), a ratio of weir height to crest length 7/6<0.4, and a submergence ratio h ./H,<0.96, where h_, was the
downstream water depth referenced to the weir crest, and H, was the total upstream head above the weir crest. The
model scale was 35.5. [ Results] (1) Under the experimental conditions of this study, the critical submergence
limit (h/H,) of the weir flow ranged from 0.748 to 0.787, which was lower than that of the broad-crested weir
(0.8), indicating that the polygonal-line low-head practical weir at a sluice was more susceptible to submergence
than a broad-crested weir. As the weir height T and 7/8 increased, the critical submergence limit decreased corre-
spondingly, and the difference between the critical submergence limit of the polygonal-line weir and that of the
broad-crested weir increased accordingly. (2) Under the same submergence ratio h /H,, the submergence coeffi-
cient ¢ of the polygonal-line low-head practical weir was smaller than that of the broad-crested weir o,. The abso-
lute value of the relative error 17 between the two increased with increasing T', 7/8, and h /H,. Compared with the
geometric parameters of the polygonal-line low-head practical weir, namely the weir height T and the crest length &,
the variations in weir height T had a relatively greater influence on the relative error . (3) When h /H, ranged

from 0.8 to 0.96, the relative error n ranged from —1.5% to —=7.6%. (4) Based on the weir height T and submer-
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gence ratio h /H, the relative error 7 can be obtained from the n - T - h_/H, relationships shown in Table 4 and
Figure 8. The corresponding submergence coefficient of the polygonal-line low-head practical weir could then be cal-
culated using the formula and applied to discharge capacity calculation. (5) The results were validated by multiple
hydraulic model test results of sluice projects. The discharge values calculated based on the present results were in
good agreement with the measured values, with the absolute value of the relative error between the two being less
than 1.5%. [ Conclusion | The findings of this study can be applied to the calculation of discharge capacity of po-
lygonal-line low-head practical weirs at sluices under the conditions of T<<2.0 m, 7/6<0.4, and h/H,<0.96.
Further in-depth studies are still required on the discharge characteristics of polygonal-line low-head practical weirs

with 7>2.0 m and larger ranges of 7/8. The proposed method has relatively high calculation accuracy and conven-

ient application, and can provide a reference for the design and operation of similar projects.
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Fig.2 Schematic diagram of polygonal-line low-head

weir profiles
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Table 1 Shape parameters and discharge coefficients of

overflow weirs for model tests

Iy Z T/m 8/m T/6 m
A 0.0 11.8 0.000 0.359
B1 05 13.0 0.038 0.363
B2 ’ 9.8 0.051 0.367
Cl1 1.0 12.0 0.083 0.369
C2 ’ 8.0 0.125 0.374
D1 L5 8.3 0.181 0.378
D2 ’ 5.8 0.259 0.384
El 20 7.3 0.274 0.389
E2 ) 5.0 0.400 0.395
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Fig.4 Schematic diagram of discharge pattern and

hydraulic parameters of broad-crested weir
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Table 2 Discharge test results of polygonal-line

low-head weirs for selected schemes

HE 1T/5 Z/m Z/m Hy/m hJ/H, o oy 1/%
12.50 13.75 6.05 0.661 1.000 1.000 0.00
13.00 13.76 6.06 0.743 0.997 1.000 -0.26

13.50 13.88 6.14 0.814 0.977 0.993 -1.63
A 0.000 14.00 14.19 6.37 0.863 0.925 0.943 -1.91
15.00 15.11 7.11 0.914 0.784 0.803 -2.40
16.00 16.06 7.95 0.944 0.664 0.682 -2.65
17.00 17.04 8.85 0.961 0.565 0.582 -2.92

13.50 1490 594 0.674 1.000 1.000 0.00
14.00 1495 598 0.753 0.989 1.000 -1.09
14.50 15.10 6.11 0.819 0.959 0.991 -3.23
Cl 0.083 15.00 15.39 6.35 0.866 0.904 0.938 -3.65
16.00 16.23 7.10 0.915 0.764 0.798 -4.26
17.00 17.15 7.94 0944 0.646 0.678 -4.62
17.50 17.62 839 0.954 0.596 0.626 —-4.78

14.00 15.82 5.73 0.611 1.000 1.000 0.00
14.50 15.83 5.74 0.697 0.998 1.000 -0.24
15.00 1592 582 0.773 0977 1.000 -2.29

E1 0.274 15.50 16.15 6.02 0.830 0.928 0.980 -5.31
16.00 16.46 6.31 0.872 0.867 0.923 -6.08
17.00 17.29 7.07 0.919 0.729 0.784 -6.89
18.00 18.18 7.92 0.947 0.616 0.664 -7.26
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Table 3 Test results of submerged characteristic values

of polygonal-line low-head weirs

h./Hy=0.8 X7

S o =1.0 % g
FE Tm o 16 ey
Zim  Zm ” 0/ % s/ o) m
A 0.0 0.000 13.38 13.84 0.984 -1.56 0.787
Bl 05 0.038 13.87 14.47 0978 -2.14 0.775
B2 ' 0.051 13.83 14.42 0977 -2.23 0.771
Cl 1.0 0.083 14.35 15.04 0.971 -2.89 0.766
C2 ' 0.125 14.30 1498 0.970 -3.01 0.762
D1 15 0.181 14.80 15.55 0.963 -3.68 0.759
D2 ’ 0.259 14.75 1548 0.961 -3.80 0.754
El 20 0.274 15.24 16.02 0.955 -4.51 0.753
E2 ) 0.400 15.20 15.96 0.954 -4.62 0.748
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Table 4 Test results of % of polygonal-line low-head weirs
with different 7 /H, and T values

n/ %
ES T/m
h./Hy,=[0.80, 0.90) h./H,=[0.90, 0.96]
A 0.0 [-1.50,-2.50) [-2.50, -3.00]
B 0.5 [-2.00,-3.00) [-3.00, -4.00]
C 1.0 [-3.00, -4.20) [-4.20, -5.00]
D 1.5 [-4.00, -5.50) [-5.50, -6.30]
E 2.0 [-5.00, -6.60) [-6.60, -7.60]
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Fig.9 Schematic diagram of cross-sectional layout

of Longchuanchang sluice
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LA o H IR o 1Y p=-7.9%, X (4) 155
Z TR S r B 0 =0.387, (1) 715 3 fLIF
0, =3034.3 m’/s, 5 52 bRt i 3 0529 m’/s i

P& o

6 %4 &

FTHE R T<2.0 m BA ) 5 TS 8 2
P T/ BT I 47 2 0K 52 P 3 i e 77 3L 95 F
FE AP FEATER TRUARR S FH e 7 S 352 5 FR 4 ) R 2%
FBOT SR B bR A S T vk . R
ZHER

(1) PreAUERbE IR F B AR R (h/H,y) /N T 58
Tl -5 B 5 BR Cho/Hy ) o, ((h/Hy ), =0.8) ,
HAR IR 2 B XHERE T\ 7/6 {63 KM Ko
H TR 2RI HE (h/H, ), B SRR 2%, AR L
SETRER) T M T/6 13 B Pr R BUKHE (h/H, ),
EIHES %

(2) T PR AR AE T, [/l — W 8 BE b/ H BT
SIURIR BRI o /INT SR o, —F IARXHR
2% HEXHERE T.7/8 ./ Hy W35 R FEAA T 2
BT\ 176 By, T WZEAERT 7 B AR .

(3) fE TRE N by, Al AR SE PR i T, 778,
h/Hy, #3% 4 FE 8, fi(4) T AR 1 rk 2
(ERHEHE B R E o 6, W T HAMER RE 153

(4) ARG AT Pr B AR HE T 04 0 ~
2.0 m.8 N5.0~13.0 m, X} 7'>2.0 m AN[E] 7/8 1)
Prek BRI e 1 5 — 2D IR AR ST
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