2025 4 8 A Kiz A2 Aug. 2025
F8H R GTH Port & Waterway Engineering No. 8 Serial No. 637

5”-'_-|E i L3R 1¢THH7EIEIﬁD7kszjj¢#E
HEERFR"

FRE', B M, F8FY, A
(1. ERZERF THEFR, T 400016; 2. ERZABRF, BdkAKEHEFLE, ER 400016;
3. fB N KA BRI AT IR, Wb & 420 253000)

WE, TALOKALA AL %45k, S LRSI AT, Lo RAZFHR—BRTEZALE, bt
S+ v ASARB AL AR e, AT d sk B R e T TR UL @ ALK R AR AL, R RAEM SN Tk AR AR ER
LR EEEEAEH TR AHEGEAIE, FFRATEMKAAF, KREBZAAH, AZTER, T LAILAN
B X AR ETMN LD RIRAGREE, AT, K@, AR R DAZAG S HGH 0, AR, L L TR
{5 £ A MR B R B MR K MR, MIUART O R MR, AT WML A EE KRR, MRS TIEHIEK Mg
X, RILORBRATE®N, ULAE, LAATHBAME K, ANATHHEALRBRGRERKHNEFBARES
EHYMRAENHARE, ARABTTERBEZAFHE T TAZILH RS AFEE, TAHAFILACREEZRAFIE
B st 3B AL B AR R o 69 BT AR ARG,

EEER . dEEER; D, BAUKAEM; BIAY,; HIAEM

FESES . U6ll; TVI33.2 XRAPRERD: A XEHS: 1002-4972(2025)08-0127-11

5]

Three-dimensional numerical simulation study of hydrodynamic characteristics

at open channel confluences under unsteady flow conditions
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Abstract: The flow dynamics at river confluences exhibit complex three-dimensional characteristics, which
are further influenced by the daily flow regulation of upstream hydropower stations. These factors result in flow
conditions at confluences that are more intricate than those in typical river reaches, with notable impacts on
navigation at river mouths. This study addresses navigation flow conditions at river confluences affected by daily
hydropower regulation, utilizing numerical simulations to systematically analyze the hydrodynamic variations at open-
channel confluences under unsteady flow conditions. Using navigation-related hydraulic indices, the study
examines the effects of unsteady flow periods, flow fluctuation amplitudes, confluence angles between main and
tributary streams, and tributary discharge on key hydrodynamic parameters, including longitudinal water surface

profiles, water level fluctuations, water surface gradients, flow velocities, and flow field distributions at the confluence.
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Findings indicate that the water level difference between upstream and downstream decreases as unsteady flow
periods increase but rises with higher tributary discharge. Water level fluctuations decrease with increasing
confluence angles and increase with larger flow fluctuation amplitudes, while the water surface gradient at the
confluence increases with greater flow fluctuation amplitudes, larger confluence angles, and higher tributary
discharge. Furthermore, the area of crescent-shaped high-velocity flow zones responds differently to various
influencing factors during rising and falling water stages. This study clarifies the hydrodynamic processes at river

confluences affected by unsteady flow conditions and daily hydropower regulation, providing a scientific foundation

for understanding unsteady flow propagation in confluence zones and its implications for navigation.
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Tab.1 Summary of grid calculation data
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Rt im TA (Ls™") ARl R %
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0. 025 106. 240 0.375 12.0 1.25
0.010 1 269.000 0. 075 56.0 0.25
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Tab.2 Correspondence between sampling time and unsteady flow time

Tls I f 1 f 1 ts ts t; fy t t
50 150 155 160 165 170 175 180 185 190 195 200
100 150 160 170 180 190 200 210 220 230 240 250
150 150 165 180 195 210 225 240 255 270 285 300
200 150 170 190 210 230 250 270 290 310 330 350
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Tab.3 Model validation conditions
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Fig.3 Temporal variation of flow rate in
unsteady main stream flow
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Fig.4 Comparison of water levels at the confluence
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Fig.5 Surface flow velocity distribution at the
confluence area at time 7, of unsteady flow
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Tab.4 Calculation of typical daily amplitude variation
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Fig. 6 Flow-rate duration curve of unsteady flow

of the main stream
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Fig. 9 Variation of water level amplitude at typical

measurement points under influence of different factors
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Tab. 6 Maximum slope along the centerline of confluence channel under various influencing factors

E[3EVER AR 7 iR R R itk AR IR AR K AL/ SR S/ SRR
JE /s ek %0 gl ek %0 ) ek %0 (L-s™") OB /%o
50 20. 816 1.5 20. 765 30 15.137 7.5 7111
100 20. 765 2.0 27. 876 45 20. 765 15.0 13.318
150 20. 816 2.5 37.109 60 30. 450 22.5 20. 765
200 20. 775 3.0 44. 029 90 46.761 30.0 32.234
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Fig. 11 Three-dimensional flow velocity distribution
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