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Fig. 2 Vertical flow velocity distribution
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Fig.4 Drift distance for single particle rock
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Tab.1 Parameters for rock group with equal particle
diameter
P/ BER/ sencEY Ben Y #H5orRk
kg kg Filit/kg KifE/m  HE  (XXYXD
1~50 6 625.8 33.129 0.288 200 TXAXT
1~200 7711.2 97.610 0.413 79 4X4X5
100~200 6 785.1 147.502 0.435 46 4 X3X4
200~300 6 939.0 239.276 0.557 29 4X2X4
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Fig. 5 Falling point distribution for rock group with equal particle diameter
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Fig. 6 Photos of falling point distribution for rock group from physical model tests
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distribution area
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Y JLA% S kg XA /m? A /m? W2/ %
1~50 38. 69 35.722 7.67
1~200 25.29 28. 835 14.02
100~200 17. 90 18. 396 2.77
200~300 13.79 13.395 2. 86
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Tab.3 Mass and particle diameters of rocks
He 7 BAS / Homl Yo 2 Hef 3 Pef 4 Pefi 5
kg Fifk/kg WA /m  Fih/keg KA /m Fift/kg  RAE/m il /kg RfE/m il /ke BA% /m
1~50 16. 258 0.227 19. 181 0.24 33.129 0. 288 37.463 0. 30 50. 000 0. 330
1~200 5.000 0.153 24. 387 0. 26 97.610 0.413 126. 439 0.45 190. 000 0.516
100~200 100. 000 0.416 103. 000 0.42 147.502 0.435 173. 442 0. 50 195. 000 0.520
200~300 200. 000 0.524 218. 480 0. 54 239.276 0. 557 256.962 0.57 278.552 0. 586
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Tab.4 Number of rocks for different particle diameter combinations
HA M2 HE 3 WA AR
Yo Jiak
a1l #ms a1l Hms Has Hepl a2 s a4 A s i3
1~50 100 100 86 29 85 15 29 84 14 58 200
1~200 40 39 31 17 31 16 16 15 16 16 79
100~200 23 23 16 13 17 12 5 17 4 8 46
200~300 15 14 7 14 8 6 6 6 6 5 29




%4

FNEE, FENAEA AT BT ES BN

399

P G s kg 1~50 kg MALE 1R
100 AMHefr 1 A 100 M3 5 AP A B, A
4N e ER RS NS 1 3A5
4, AR5 RBOBHE /N, W3R 5, B H A B
H R BT 5] s NS E L, NS 1 3

%5 FRKBALMTHAYRH
Tab.5 Non-uniformity coefficients for different rock
combinations
Yot HLRS / FHARK

kg aa1 dAs2 HA3 dad

1~50 1. 450 1. 270 1.269 1

1~200 3.373 2.700 2.690 1

100~200 1. 250 1. 046 1. 045 1

200~300 1. 120 1.063 1. 031 1

g
= 8
6
4 - o ¥R
o | o3
A5
0 12345678910 0 12345678910
Z/m Z/m
() BB 1 (b) &2
A9

M5 3, AL I WAL 15 B LE, 415 4 T ik
AR AR ) B A O Sk A 2

TR BLEK G 15 m RERE 1.5 m/s F5EL
N /12 WA T REAT. B 9~12 O 4 RO [A) HLA%
A R 4 B AR AR 20 5 T H A5 B A e A RE
TEJE IR b B 7% s A 25, IR T DL Y A4
e AR 2 G T 3 B RV A AT SR B
ASHUI BT | B3 241 & J7 KB ARG 0 A T 25 172
P BEA BB AE AT LA

% 6 NARRLAR AL T 3T A A Hefr B 1Y
B e v 2R R B0 9 HOH 98, 2K R 1] 9 BT 98
AR ) 37 BT 5 70 301 Dby B A A 9 i AE K AL 7 18] A
e BT R U5 18] b e R A s R B /0N A s 22 ] ) 22
(EL. OXF TR [R) RS B B 9 L Bl I 1 A2 4k L K
U i) 47 RO S AR ) 4 IO 5 2 B H BRI 1Y
AR LA

16
14 |
12 |
E10-
8 = 8r
6 6
4 o¥a1 o Hh2 4+
ol olh3 wHa4 oL
AHUAS o B3
0 12345678910 0 12345678910
Z/m Z/m
(o) &3 (D HE4

FREEAEFRTARY 1~50ke WA BHARK ENERLIF

Fig. 9 Falling point distribution for rock group with specification of 1-50 kg under

different particle diameter combinations
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Tab. 6 Diffusion breadth
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HE1 42 e 3 HE 4 HE1 HE 2 HE 3 HE 4
1~50 6.39 9.14 9. 30 9. 80 5.61 7.86 8.62 7.29
1~200 7.00 7.20 8.75 8. 04 5.91 6.99 8. 10 7.17
100~200 7.16 8. 34 8.70 8.16 4.77 7.70 7.64 5.58
200~300 5.76 8. 11 7.44 5.63 4. 85 7.90 7.45 4.76
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Numerical simulations of drifting of rock groups
with different particle diameter combinations
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Abstract: Riprap drifting is a problem encountered frequently in the actual projects of river channel
regulation, bank protection, submerged spur dike construction and pier scour protection. A particle-
laden flow numerical model is built by coupling computational fluid dynamics (CFD) and discrete
element method (DEM) to analyze the drifting of riprap particle in water flow. Comparisons are
carried out with experimental results of physical model to verify the numerical model. In order to
investigate the effect of gradation on the drifting of rock group in water flow, calculations of riprap
drifting of rock group with different particle diameter combinations are performed. The distribution
pattern and diffusion bound of rock group falling point on bed, drift distance and distribution area are
analyzed. The results show that for the rock group with the same specification, the better the
uniformity and continuity of the gradation of rock group are. the larger the average drift distance and

the distribution area are.

Key words: coupled CFD-DEM method; fluid-particle interaction; riprap; drift; diffusion





