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Fig.1 A schematic diagram of particle motion

Solid lines represent suspended particles and dashed lines represent

bedload particles
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Tab.1 Setting of particle parameters
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parameters value
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poisson ratio of wall
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shear modulus of wall
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coefficient of restitution between particles and wall
R # 5 0.6
coefficient of restitution between particles
TR % 5/ (kg/m®) 1.05x10°~
density of particles 2.65%10°
LBV B) BRI R H 0.1~0.9
coefficient of sliding friction between particles and wall
LB R 20 BE AR AR AL 0.01~0.09
coefficient of rolling friction between particles and wall
Kif/mm 1~10
particles’ diameter
ARl 1~3

length-width ratio of particles
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Fig. 11 Variation of sediment transport ratio with suspension indexes
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Tab.3 Verification of particles incipient performance

HER AL P Wi AU HEBNH %

relative roughness _ slope number of particles in motion _motion ratio

FEX R P W

relative roughness

&y HEBNH /%

slope number of particles in motion _motion ratio

0.000 3 0 272 30.3 0.001 0 2 0.5
0.005 259 28.7 0.005 164 18.3
0.01 432 48 0.01 328 36.5
0.0147 520 57.7 0.014 2 457 50.7
0.02 425 47.2 0.02 245 272
11 _ . . .
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Fig. 13 Verification of sediment transport performance

BT U AU o3 A B HETS D0 AR T % R SR Y
O AN, B TR IR AR

HeAh, R TP AEE A H 37 B Al 1 44 ) ik 9
A G — R, R IR A RS A O 25T
WL AATIERE . i TIPA AR MBS A SR
i, BB B AR R, T U R G 57 4
B TE PR PR A I AR AN S R WG .
5 PERE U (LA A% B 5 (0 BH B S AR, T B
UM AR TR 3% T AR X RLRE TR BE - 45 0 AR IR 3R
UESS S, el A 3 TR RS B AR, 3 R R T
TEFURLAES 3l J7 T A Bk B O B, X R
IR B T RUE i DG 1 SR G A 45 H K a2 37 A
PR B RAS , AT B o 22 B A4

SE M

[1] Midilli A, Kucuk H, Dincer I. Environmental and
sustainability aspects of a recirculating aquaculture
system[J]. Environmental Progress & Sustainable
Energy, 2012, 31(4): 604-611.

[2] BEUE, X, HIERR, 5. LIALTER KA HI 77 58 < B
TR 5B R & ML), A5 4H, 2013, 37(11):
1750-1760.

Huang B, Liu B, Lei J L, ef al. The research on key

Wang W, Lu Q G, Gu HT, et al. The oxygen-enriched
capacity experiment of micropore aerator[J]. Journal of
Fisheries of China, 2010, 34(1): 97-100(in Chinese).
TR, A g 5, . Ol TR BE T BH IR 635 Ut 38 3 AT R
PRI, KIRMFBEBEHE, 2010, 27(4): 32-35.

Wan J, He J J, Wang Z. Velocity distribution characte-
ristics in smooth open channel with adverse slope[J].
Journal of Yangtze River Scientific Research Institute,
2010, 27(4): 32-35(in Chinese).

Song T, Graf W H. Velocity and turbulence distribution
in unsteady open-channel flows[J]. Journal of Hydraulic
Engineering, 1996, 122(3): 141-154.

Coleman N L. Effects of suspended sediment on the
open-channel velocity distribution[J]. Water Resources
Research, 1986, 22(10): 1377-1384.

k2L, Ve bR ShRE K4 — A ). KRR, 2012,
43(12): 1387-1396.

Zhang H W. A unified formula for incipient velocity of
sediment[J]. Journal of Hydraulic Engineering, 2012,
43(12): 1387-1396(in Chinese).

INEAR, BRI, VL, 55 VEKAER 5o LA b B 5[],
JKF AR, 2012, 43(1): 99-105

Sun Z L, Shao K, Xu D, et al. Fractional bedload trans-
port in turbid waters[J]. Journal of Hydraulic Engineer-
ing, 2012, 43(1): 99-105(in Chinese).

MR IG, BRATE, /NG, 5. AN R A BT B R
AR THE[T]. TR 23], 2008, 29(6):
957-959.

http://www.scxuebao.cn


http://www.scxuebao.cn

956

Ko AR

43 %

[10]

[11]

[12]

[13]

[14]

[15]

QuY P, Chen S Y, Wang X P, ef al. Discussion on the
numerical simulation of ax-symmetric jet with different
turbulent model[J]. Journal of Engineering Thermoph-
ysics, 2008, 29(6): 957-959(in Chinese).

Wanik A, Schnell U. Some remarks on the PISO and
SIMPLE algorithms for steady turbulent flow proble-
ms[J]. Computers & Fluids, 1989, 17(4): 555-570.
HALT, 2508, IREE 0. 2 T Behi- Rk B H 7R R
BB B B BUE AR L[], K J7 K AR, 2015,
34(9): 46-51.

Xiao B Q, Li R, Rong G W. Eulerian-Lagrangian
simulations of suspended sediment deposition in open
channels[J]. Journal of Hydroelectric Engineering, 2015,
34(9): 46-51(in Chinese).

Tong Z B, Zheng B, Yang R Y, et al. CFD-DEM
investigation of the dispersion mechanisms in commerc-
ial dry powder inhalers[J]. Powder Technology, 2013,
240: 19-24.

Chen X, Li Y, Niu X J, et al. A general two-phase
turbulent flow model applied to the study of sediment
transport in open channels[J]. International Journal of
Multiphase Flow, 2011, 37(9): 1099-1108.

AR, AR/, T 4L, 25, T CFD-DEMAE & 17K 71
AL % 7K V0 18 3 = 4E BUE B[], R BB,
2016, 47(1): 126-132.

YuL M, Zou X Y, Tan H, et al. 3D numerical simulat-
ion of water and sediment flow in hydrocyclone based on
coupled CFD-DEM[J]. Transactions of the Chinese
Society for Agricultural Machinery, 2016, 47(1): 126-
132(in Chinese).

SR, A, R, &5 AR SUAMEUBTRLE) /)
SRR SR [7]. RALHLI AR, 2016, 47(S1):
249-253.

Yan Y F, Meng D X, Song Z H, et al. Particle kinetic
simulation and experiment for flute-wheel feeding

machine[J]. Transactions of the Chinese Society for

http://www.scxuebao.cn

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Agricultural Machinery, 2016, 47(S1): 249-253(in
Chinese).

FRIE, AR, RS, 55 R AF RSB 1 5)
MR E AT [I]. JEVPHIEAL, 2017, 42(5): 31-35.

Cheng Y, Zhang G G, Wu Z S, et al. Comparison of
entrainment probabilities in different incipient motion
models[J]. Journal of Sediment Research, 2017, 42(5):
31-35(in Chinese).

Wang X K, Wang Z'Y, YuM Z, et al. Velocity profile of
sediment suspensions and comparison of log-law and
wake-law[J]. Journal of Hydraulic Research, 2001,
39(2): 211-217.

Bai Y F, Xiao J, Yu L. Kernel partial least-squares
regression[C]//Proceedings of 2006 IEEE International
Joint Conference on Neural Network. Vancouver, BC,
Canada: IEEE, 2006: 1231-1238.

INEMR, TR, FAAE, 2 AR S B B F ().
IR 2R, 2016, 47(4): 501-508.

Sun Z L, Zhang C F, Du L H, et al. Transport rate of
nonuniform suspended load[J]. Journal of Hydraulic
Engineering, 2016, 47(4): 501-508(in Chinese).

Jeong G S. A sediment concentration distribution based
on a revised prandtl mixing theory[J]. Journal of Korea
Water Resources Association, 1997, 30(1): 3-13.
ERIRE, VLI, B JE T e S m i (1 2 B bkl 7 H
ik R H B[], vHELER RG24, 2010, 16(1):
140-148.

Wang L P, Jiang B, Qiu F Y. Multi-objective particle
swarm optimization based on decision preferences and
its application[J]. Computer Integrated Manufacturing
Systems, 2010, 16(1): 140-148(in Chinese).

Zhou X, Shen J, Li Y G. Preference-based multiobjective
artificial bee colony algorithm for optimization of
superheated steam temperature control[J]. Journal of
Southeast University (English Edition), 2014, 30(4):
449-455.


http://www.scxuebao.cn

414 P W, A LLCFD-DEMA HER ) 7% A HETS 1 R M3 It 1k 957

Pollution discharge performance and bottom slope optimization of
aquaculture tanks for intensive pond aquaculture

SUNDi, LIUFei’

(Key Laboratory of Advanced Control for Light Industry Processes,
College of Internet of Things Engineering, Jiangnan University, Wuxi 214122, China)

Abstract: Because of improving resource utilization and reducing environmental pollution, IPA (Intensive Pond
Aquaculture) technology has been widely promoted as a new breed aquaculture technology. In order to improve
the efficiency of pollution collection and discharge in the process of aquaculture, the method of constructing
negative slope bottom is used to reconstruct aquaculture tanks. By establishing a two-dimensional simplified
model of aquaculture tank and combining the CFD-DEM simulation and KPLS (Kernel Partial Least-Squares
Regression) modeling method, a model that can reflect the relationship between the vertical velocity distribution
and the bottom slope was established. On this basis, the model of the particle incipient velocity and the single wide
suspended load transport rate in the tank was obtained by the theory of sediment motion. After setting up two
performance indexes of particle motion and transportation, the DP-MOPSO (Preference-based Multi-objective
Particle Swarm Optimization) method was used to get the optimal bottom slope. The optimization results show that
with the increase of the bottom roughness, the optimal gradient is slightly reduced and the range is about 0.013-
0.015. The simulation results show that the optimal bottom slope can effectively improve the moving probability
and the transport capacity of particles, and for the rough surface, the superiority of the slope bottom is more
significant. It shows that it is reasonable to optimize the discharge performance of aquaculture tanks by constr-
ucting the bottom slope to change the flow structure.

Key words: intensive pond aquaculture; CFD-DEM; flow velocity distribution; particle movement; equipment

optimization; numerical simulation
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