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Tab. 1 Size parameters of blocks

2N S Bl
K/em 4.0 5.0 6.0 6.0 7.5 9.0 8.0 10.0  12.0 10.0 12.5  15.0 5.0
Bk Fi/em 4.0 4.0 4.0 6.0 6.0 6.0 8.0 8.0 8.0 0.0 10.0  10.0 5.0
B/cm 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 5.0
BRIk EHAR/cm 5.0 6.0 7.5
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Fig.3 Discharge curves at inlet
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Fig.7 Comparison curves of horizontal drag force coefficients of blocks and sphere
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Fig. 8 Effects of length-height ratio on horizontal drag force coefficients
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Fig. 10 Effects of different width-height ratios on block horizontal drag force coefficients
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(3) YHARTEKR T 1047 e F I, B Je 38 R, AR -4 B0 R BOEIRUR 1, Je i 45 T 391, 7KK
LR IPIES S 6T\
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Numerical simulation of influences of underwater riprap blocks’
shape and size on horizontal drag force coefficients

YANG Changming', YAO Chi', LAN Yan®, ZOU Rui’, HUANG Jinsong*

(1. School of Civil Engineering and Architecture, Nanchang University, Nanchang 330031, China; 2. Yellow River Institute of
Hydraulic Research, Yellow River Waier Conservancy Commission, Zhengzhou 450003, China; 3. North China University of Water
Resources and Electric Power, Zhengzhou 450045, China; 4. Department of Building Environment and Engineering, The University of
Newcastle, Newcastle 2308 , Australia)

Abstract; The horizontal drag force coefficients are the important mechanical parameters to study the effects of
water flow on the scattered underwater riprap stones of the Yellow River dam buttress. And the flow velocities, the
root stone size and the elevation angle of the root stones in the water have different effects on the horizontal drag
force coefficients. Based on experimental data and FLOW-3D numerical simulation software in this study, RNG £-
g turbulence model, VOF method and FAVOR technique are used to simulate the horizontal drag force coefficients
of the underwater riprap blocks under the action of current. Compared with experimental results, the results of
numerical simulation are coinciding with the experimental data. The simulated results show that the model is
reliable and practical. On the premise of verifying the reliability of the numerical simulation results, the influences
of distinct block sizes and different angles between the blocks and current on the horizontal drag force coefficients
are analyzed. The numerical simulation results show that when the length-height ratio is not greater than 3, the
horizontal drag force coefficients fluctuate and then tend to be stable with the increase of the block length-height
ratio. When the length-height ratio is not greater than 3, the horizontal drag force coefficients increase with the
increase of the length-height ratio. With the increase of the block width-height ratio, the horizontal drag force
coefficients increase first, then decrease and finally remain stable. When the angle between the blocks and the
current increases, the horizontal drag force coefficients decrease first and finally increase, and the minimum value
appears at the angle of 3 degrees. The results of this numerical simulation can provide a reference for the study of

the root stone erosion at the Yellow River dam buttress.

Key words: numerical simulation; FLOW-3D; horizontal drag force coefficient; block size; angle



