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Fig.2 Cross-sectional view of the aqueduct
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Tab. 1 Water depth measurement table for different parts
o 3501 Bk i /m MK fir/m
Wi/ (m'es™)
C1 C2 C3 C4 C5 C6 C7 C8 Cc9 C10 Cl1 Cl12 C13 Cl14 C15
18 3.76 3.72 3.68 3.68 3.36 291 291 2.9 29 2.88 2.88 2.86 2.86 2.84 2.81
15 3.48 3.44 3.38 3.36 3.00 2.56 2.56 2.47 2.47 2.44 2.44 242 2.40 2.40 2.38
12 3.08 3.03 3.02 3.02 2.82 2.36 2.36 231 2.31 2.30 2.26 2.21 2.19 2.17 2.15
9 2.74 2.68 2.64 2.6 242 1.89 1.89 1.89 1.89 1.89 1.88 1.88 1.88 1.87 1.84
6 224 223 215 216 1.79 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.37 1.36
o HEEBOK B2 /m 11 Bk it m
Wit/ (m*s™)
Cle C17 CI18 C19 C20 C21 c22  C23 c24 C25 C26 C27 C28 C29 C30
18 2.8 276 273 270 264 260 258 256 254 253 250 250 2.77 3.68 3.75
15 2.38 2.36 2.33 2.31 2.31 2.28 2.26 2.25 2.21 2.21 2.16 2.16 2.49 3.35 3.41
12 2.15 2.14 2.12 2.11 2.08 2.07 2.07 2.02 1.97 1.9 1.83 1.72 2.18 2.89 2.92
9 1.84 1.82 1.82 1.80 1.79 1.73 1.73 1.67 1.64 1.62 1.54 1.46 1.37 2.35 2.39
6 1.36 1.34 1.33 1.33 1.32 1.31 1.29 1.24 1.22 1.13 1.12 1.09 1.04 1.90 1.99
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Tab. 2 Uniform flow depth calculation

W/ (m’s™) 18 15 12 9 6

BARAKEmM 2317 2.016 1.706 1.383 1.037

Il FAK R /m 1318 1.167 1.006  0.830  0.634
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Fig. 3 Channel and weir modeling
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Tab. 3 Calculation results of roughness of different slope models

Weps 1.0%(BEYE) 0.5%(BESE)
Pt/ (m'es ™) 18 15 12 9 18 15 12 9
B51 5K B m 0.043 9 0.0390 0.033 8 0.028 2 0.055 7 0.049 3 0.042 6 0.0355
P (mes ™) 1.206 3 1.131 6 1.044 5 0.9390 0.950 8 0.8952 0.828 8 0.7459
GRS 0.008 008 0.008 080 0.008 170 0.008 297 0.007 975 0.008 037 0.008 13 0.008 287
W RE 0.305 3%(Ilfi H34) 1/1 390 CHERE I )
i/ (m'es ) 18 15 12 9 18 15 12 9
Y595k B m 0.066 2 0.058 5 0.050 4 0.041 8 0.1127 0.099 0.084 5 0.069 2
S (mes ™) 0.799 8 0.754 4 0.700 5 0.633 5 0.469 9 0.445 8 0.417 8 0.382 6
HES 0.007 945 0.008 016 0.008 104 0.008 239 0.007 906 0.008 0 0.008 088 0.008 204
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Fig. 4 Relationship between roughness and changes

in flow rate and slope
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Tab.4 Water depth measurement table for different parts (corrected values)

o i1 B K fi/m 2 K fiE/m
Pt/ (m'es )
Cl1 C2 C3 C4 C5 Co6 C7 C8 Cc9 C10 Cl1 C12 C13 Cl4 C15
18 349 345 3.42 342 312 270 270 269 269 267 267 266 266 264 261
15 3.21 3.17 3.11 3.09 2.76 2.36 2.36 2.28 2.28 2.25 2.25 2.23 2.21 2.21 2.19
12 2.82 2.77 2.76 2.76 2.58 2.16 2.16 2.11 2.11 2.10 2.07 2.02 2.00 1.99 1.97
9 2.49 2.43 2.40 236 2.20 1.72 1.72 1.72 1.72 1.72 1.71 1.71 1.71 1.70 1.67
6 2.02 2.01 1.94 1.95 1.61 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.23
o M £ B (i/m 1B fir/m
Wi/ (m'ss™)
Cl6 C17 C18 C19 C20 C21 C22 C23 C24 C25 C26 C27 C28 C29 C30
18 260 256 253 251 245 241 240 238 236 235 232 232 2.57 3.42 3.48
15 2.19 2.18 2.15 2.13 2.13 2.10 2.08 2.07 2.04 2.04 1.99 1.99 2.29 3.09 3.14
12 1.97 1.96 1.94 1.93 1.90 1.89 1.89 1.85 1.80 1.74 1.67 1.57 1.99 2.64 2.67
9 1.67 1.65 1.65 1.63 1.63 1.57 1.57 1.52 1.49 1.47 1.40 1.33 1.24 2.13 2.17
6 1.23 1.21 1.20 1.20 1.19 1.18 1.16 1.12 1.10 1.02 1.01 0.98 0.94 1.71 1.79
30r K 8, R P K IR I AT S, WA IE R
25t e T i 3 8] R Ay e AR A L R B I A D A
2 20| At H.0.006 5~0.007 5 FRIGHEA TARALL, AHii e 18 m's
g ), BEFREMR 0.007, AR KL S ESCEIEE
N15rF
x?ﬁ%& K TTZE X L R ULIEL 8, P rh 25 K TR A AR 200
o IS
10 r .y . > N P vvs N —
- AR FAASC I IS A TE T 52 nT AT Y
05 1 1 1 1 1
6 9 12 15 18
T/ (mdes™)
B 5 (EEEEUETITEER
Fig. 5 Comparison of measured values and calculated values
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Water surface line model test based on roughness rate determination of
organic glass in a certain canal

XU Zelin', SONG Zhigiang', YAN Fei’, TIAN Guodong’, WANG Feihu', CAO Cheng'

(1. State Key Laboratory of Eco-hydraulics in Northwest Arid Region, Xi’an University of Technology, Xi'an 710048, China;
2. China Railway First Survey and Design Institute Group Co., Ltd., Xi'an 710048, China )

Abstract: To address the issue of variations in normal water levels across different segments during the operational
phase of the canal characterized by a gentle slope and curved trajectory, a smooth organic glass material was utilized
to simulate the water surface line in model tests conducted on the canal. The experimental approach adopted a
normal distribution model and was formulated on the basis of gravity similarity principles, employing a geometric
scale ratio of 1:40.

The outcomes of the experiment indicated a notable disparity between the water levels recorded in the flume
model test and those calculated using the uniform flow formula. Specifically, the measured water level surpassed the
calculated water level, prompting an investigation into the underlying causes of the elevated measured water level
and the attainment of precise water level estimations within the spillway. This study employed a tripartite
methodology encompassing model tests, theoretical analysis, and numerical simulations.

The analysis of various factors influencing water levels in the aqueduct model test revealed several key aspects.
Firstly, the curvature of the aqueduct impacted the flow pattern, resulting in elevated water levels. Secondly,
discrepancies in roughness ratio scales were observed, with the model's roughness being excessive, leading to
heightened head loss and subsequently increased water levels. Lastly, the discrepancy between the actual aqueduct
section, which featured a reduced water area, and the rectangular section utilized in the uniform flow calculation
formula contributed to the rise in water levels.

Subsequent roughness determination tests were conducted on the smooth organic glass material utilized in the
model test, and the obtained roughness data were scrutinized. A water level correction method was later devised

based on the calibration test results and the uniform flow calculation formula to rectify situations where roughness
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ratio scales were contradictory, thereby correcting the measured water levels.

Furthermore, a three-dimensional finite element numerical simulation study was conducted to analyze the water
surface line of the flume. The accuracy of the numerical simulation was verified against the data obtained from the
flume model test, affirming the efficacy of the proposed water level correction method for addressing dissimilar
roughness ratio scales.

The study revealed that the water level at the bend of the fishway was 8-10 centimeters higher than that of the
straight section. As the distance from the bend increased, the water level gradually decreased until it aligned with the
calculated water level, indicating that the bend no longer influenced the water level. Additionally, the water level of
the aqueduct's cross section design was 4-6 centimeters higher than that of a rectangular cross section. The primary
factor contributing to the substantial disparity between the measured water level in the aqueduct and the calculated
water level for uniform flow was the dissimilarity in roughness ratio scales. The roughness coefficient was not
merely indicative of wall surface roughness, but was also influenced by hydraulic factors and water flow
characteristics. The surface roughness of the polished organic glass plate ranged from 0.007 9 to 0.008 3. The data

indicated a decline in roughness as flow rate rises, and conversely, an increase in roughness with steeper slopes.

Key words: aqueduct; model test; waterline; organic glass; roughness rate determination
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