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Fig. I Whole region and main size of a model (unit; m)
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(a) e=0.1 (b) e=0.2 h (c) e=0.3 (d) e=0.4 (e) e=0.5 (f) e=0.6

P2 AS[RPAEXS T RE I ] ] DX RGN T RS (T=120 s)
Fig. 2 Grids along middle section of a spillway under different opening ( 7=120 s)
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Fig. 3 Water surface profile along middle section of a spillway at e=0.3 and e=0. 5 at six total opening times
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Fig. 4 Comparison of water surface profile along middle section of a spillway
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Fig. 5 Velocity distribution along middle section of a spillway
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&, IR FEBCEAR X T il DX B 35 X, Y T RS G ) 7 BRI 3o i v~ 45 s i I Bl =22 496 K
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A i X5 0 A AR B R X A T & D sh B
FFIAEHE] T3/N(T=3~15s) ;e WH/NG, AP /NTFHABE ; BEE W11 A3, AP UG K, 24
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Tab. 1 Pressure on the floor of ogee section and stilling basin

T=3s T=10s T=15s
‘ P P AP P P AP P P AP

0.1 2 400 1 800 600 2 450 1 900 550 2 600 2 000 600

0.2 2 400 1950 450 3 700 2 200 1 500 4150 2 100 2 050
0.3 3 850 1 950 1 900 5550 2 250 3300 5 600 2 350 3250
0.4 4950 2 100 2 850 5 600 2 250 3 350 6 050 2 600 3 450
0.5 5 300 2 300 3 000 6 250 2 700 3550 6 500 3100 3 400
0.6 5700 2 500 3200 6 500 3 050 3450 6 850 3450 3400
0.7 6 350 2 550 3 800 7250 3 200 4 050 7 100 3650 3 450
0.75 6 350 2 650 3700 7 800 3 400 4 400 7 400 3 800 3 600
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Fig. 6 Variation of maximum pressure on the floor of anti-arc and stilling basin with time
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ML 6 Hha] & T AR T 32 1 5 S R RS . 24 T=3 s I, [ T2 o T s K iy b
FE T Sy i X KR BRI H] 9 200 Pa, BEREFLSE B985 X R A HATZY 2 400 Pa, 22K K 6 800 Pa, i /1
b5 AR X R 3242498 4 000 Pa,, 1% 53 /NP RPFE S B R 7 B9 FE 5% 2540518 4 100 F13 600 Pa,
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T UETE T3 LR KGR AN BE AR, SEBRERAE R T R N AN S AR R i I S K e R A R, 5 )
I R E2E AP RTREXT KUK 1 R AR s 1A 3, ISR BBURH N 114 B 4P 15 e o

F2 0 T=30 s I i G HE AR O TRD b PTI0 A5 (x= 0. 442 F10. 702 m) AR5 S0 s 55 445 SR fi o
L, BN TF R A R A RHR 22 5 K2R 6. 8% , 3 BERL 45 SR HER

F2 HERPERERIGERITLE

Tab. 2 Comparison between the simulated and model test results

JE5) P/kPa
S
T=5s T=10s T=15s T=20s T=25s T=30s
x=0.442 m 0.21/0.22 1.09/1. 04 1.76/1. 82 2.11/2.22 2.43/2.52 2.51/2.58
x=0.702 m 0.67/0.71 0.77/0.74 0. 86/0. 90 0. 83/0. 87 0.85/0.91 0.82/0. 88

T /7 HE 20 3 A BB RS R AR R 4528
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K 6 BRI AT R B AR5 1 HE IO ] 1] 5 S 88X W) K ST, 45 1 K T 2 S i e e s
LR E AR SRR ARG RS e i oA 5 a5 R SR g b B A o3 el DX 35 X R i TR X 3
#5334 TR B LR/ I I KL A A P s A 13 i ol IX e R K e ik 5 T A5 B ] Y
RFR IR JRAR AT RE I LS
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Analysis of hydraulic characteristics of unsteady flow during
opening of radial gate located on overflow weir

QIU Chun"?, YUE Shu-bo’, LIU Cheng-lan'
. Sichuan College of Architecture Technology, Deyang , China; 2. State Key Laboratory of Hydraulics
(1. Sich Coll Archi Technol D 618000, Chi 2. State Key Lab Hydrauli
and Mountain River Engineering, Sichuan University, Chengdu 610065, China)

Abstract; The RNG «-& turbulent model and dynamic mesh technology were applied to simulation of the unsteady
flow of the flaring gate pier and the stilling basin during the radial gate opening. Six different total opening times
were used to achieve the detailed hydraulic properties of different opening velocities. The opening velocities of the
radial gate were homogeneous of every total opening time. The relationships between the opening velocities and
pressures, flow velocities and other hydraulic characteristics were obtained by using six corresponding total opening
times. Hysteresis effect was apparent while the total opening time was relatively small, and a water surface profile
corresponding to different relative openings was also lower than those of other total opening times. The maximum
flow velocity appeared at the ogee section of the overflow weir at the opening process no matter which total opening
time was. The maximum velocity and the pressure on the impact region were much larger than the corresponding
value at a constant situation. The slab of the ogee section and stilling basin was divided into three regions according
to the distribution of pressurs; the relationships between the maximum pressure and the opening velocity was
obtained. The velocities and the maximum pressure on the impact region in the stilling basin were much higher than
those corresponding to the constant conditions while the opening velocities were relatively lower. The maximum
pressure and differences between the maximum pressure on the impact region and an average pressure of the
adjusting region increased with the increasing of the opening velocities, and fell to a normal value after long time. A
gentle increase in pressures and other hydraulic characteristics would appear under the lower opening velocities. The
water surface profile and other results of numerical simulation were in good agreement with the model test data,
which shows that the numerical method is reliable. The analysis results can provide an important basis for operation

of the similar radial gate located on the hydroproject.

Key words: 3-D dynamical numerical simulation; opening process; unsteady flow; dynamic mesh; radial gate;

stilling basin



