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Fig.1 Geometric model of hydrocyclone
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Fig. 2 Grid division in the flow field
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Tab.1 Factor level of orthogonal test

K [X % Factors
Level d/mm  d/mm  B/I(°) himm I /mm
1 90 26 18 160 210
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Tab.3 Orthogonal test of L, (4°)

415 Number F# Factors
d /mm d /mm BIC°) h/mm ly/mm
1 90 26 18 160 210
2 90 28 22 170 290
3 90 30 26 180 390
4 90 32 30 190 490
5 100 26 22 180 490
6 100 28 18 190 390
7 100 30 30 160 290
8 100 32 26 170 210
9 110 26 26 190 290
10 110 28 30 180 210
11 110 30 18 170 490
12 110 32 22 160 390
13 120 26 30 170 390
14 120 28 26 160 490
15 120 30 22 190 210
16 120 32 18 180 290
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Tab.3 Orthogonal test results
. PR 48R Evaluation indicators
Nt T 1 BAR
Pressure drop /Pa Separation efficiency

1 40 358 56.5%

2 39342 38.7%

3 40722 36.6%

4 37 467 43.5 %

5 30 060 40.1%

6 26 995 53.0%

7 38 287 40.6%

8 42901 42.9%

9 34241 39.1%

10 39 005 26.5%

11 21957 40.2%

12 28753 51.2%

13 35196 39.6%

14 26 364 41.8%

15 31573 43.5%

16 22 645 38.4%
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Tab.4 Extreme variance analysis results

2

d /mm d /mm BI(°) h/mm [ /mm
Parameters © v Y
K_l 39 484.750 34 963.750 27 998.750 33 440.500 38 459.250
K_2 34 560.750 32 926.500 32 432.000 34 849.000 33 628.750
J 3 Pressure drop /Pa K_3 30 989.000 33 147.250 36 069.500 33 120.500 32 929.000
K_4 28 944.500 32 941.500 37 488.750 32 569.000 28 962.000
R 10 540.250 2 037.250 9 500.000 2280.000 9 497.250
K_, 0.438 0.438 0.470 0.475 0.423
K_2 0.442 0.400 0.434 0.403 0.392
SRR _
Separation efficiency K, 0.393 0.402 0.401 0.354 0.451
K_4 0.408 0.440 0.373 0.448 0.414
R 0.049 0.040 0.095 0.121 0.059
Pressure
Contour 1
7.504e+04
6.464e+04
5.424e+04
4.383e+04
3.343e+04
2.303e+04
1.263e+04
2.224e+03
-8.178e+03
—1.858e+04
[Pa]
® ()] (k) (O] (m) (n) (0) 1)
4 ENHHz
Fig. 4 Pressure distribution contours
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Fig. 5 Tangential velocity contours
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Fig.7 Tangential velocity and pressure contours on the monitoring planes
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Fig. 9 Pressure distribution before and after optimization
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Fig. 11 Numerical simulation and test results

5 Z5i

AR SCHESE T K JT e A 09 = 4E B A N R
BRI, 3B 1 TR i ) 32 BE LA S RO R e
L RURE ) 73 B 28R R i I g 1A
B A b, Il B E A IR A T T
ittt , ZEMR BT 45E

(DR SCEF R R 56 H M IR IR B R K, it IF
DAL T — Rk S lie i o g5 a3 o B E AU AN
WYL, s T HE S B0 IR IR A 7 B AL
WA, IFRE T REA S S ZER
w105 FH TR IR A R K — PR AR AR BRI 4 1A T
FAIT, BEA R BRIE VD SFTTTEPE ORI .

(2) 7K FI T A% B A5 A S B0 Wi i T
SR O FR A i L ) LA > HE AR > HE B BE >V T
IR > IR U ELAR s /K T @I 4% 45 1 240
Xt TR ) 0 B 2S8R AR 2 O 2R+ i D A A TR

http://www.shhydxxb.com



1426 SR I I S N

¥k

33 %

JEESHE A S BORK B> TR U T BELARSIRUR H EAR .

(3) SEAAL R 7K T THE it #5481 7 e R 1) e
IR0 FE YA BT s ORI 00 o3 B AR P i o Y
JOE A #4579 T2 0 T EL AR R 120 mm ISR N ELAR N
32 mm HEF R 187 i Ui A A AR EE A 160 mm
FEBLK BE N 390 mm B Z5HI ST, Wi 1 B
FEAR T 9 842 Pa, X 57 5H F& /K UL UE 14 [ {4 oA )
53 B RCRAE = T 12%.

(4) N HE Bl i it i 75 28 7 S e b B i L R
SR 5 T R 2R T e A8 P A Bk R R S B
FERERY 25 5 Py BRAL R IR A e BT 254 =
BORMEE 1T S 500 52 g B S AL, LSS 30 B
B 2R T Y R K A BEASCR o

SE Wk
[1] LIU W C, XU B, TAN H X, et al. Investigating the
conversion from nitrifying to denitrifying water-treatment
efficiencies of the biofloc biofilter in a recirculating
aquaculture system [J]. Aquaculture, 2022, 550:
737817.

[2] LIPJ, WANG C, LIU G H, et al. A hydroponic plants
and biofilm combined treatment system efficiently purified
wastewater from cold flowing water aquaculture [J].
Science of the Total Environment, 2022, 821: 153534.

(31 fhaadle, Xkt Wik, 5. BWKEHIE R BIES R

FER KA PR GER LR G OK BT (], IR R
2, 2022, 31(1): 170-180.
XU JB, LIUY S, SHI Y H, et al. Comprehensive water
quality evaluation of freshwater concentrated continuous
ponds and aquaculture tail water treatment system [J].
Journal of Shanghai Ocean University, 2022, 31(1): 170-
180.

[4]  FETuE, XS0, BRI, 5. 47 U0 B X FRA R K

AT TE B A0 TR R TR 45 A SO S BRI IR TR SR R ()] B
MR, 2023, 32(1): 150-162.
WANG X F, LIU W C, FAN L P, et al. Bacterial
community  structure  and  its  relationship  with
environmental factors in the purification channel of
aquaculture tailwater in Tiaozini reclamation area [J].
Journal of Shanghai Ocean University , 2023, 32(1): 150-
162.

[5]  RANJAN R, MEGARAJAN S, XAVIER B, et al. Design
and performance of recirculating aquaculture system for
marine finfish broodstock development [J]. Aquacultural
Engineering, 2019, 85: 90-97.

(6]  Fysihk, 1M, WRmg, 5% . RADNK)™ SRIHRKIE K
ST R RACR 1], R 741, 2023, 38
(6): 1013-1019.

http://www.shhydxxb.com

[10]

[11]

[12]

[13]

[14]

[15]

KE R L, XU H M, CHEN X, et al. Killing effect of ozone
on Aeromonas hydrophila in aquaculture tailwater []].
Journal of Dalian Ocean University, 2023, 38 (6): 1013-
1019.

SR, REERE, A, A5 3FPuEREX b E I 5 R K AL
BACR M2 (], AR bl R il 2024, 43(2)
56-63.

LIANG Z Y, TAN H Q, ZHENG Q, et al. Experimental
study of filter media filtration for pond captive tailwater
treatment  [J].  Journal  of
University, 2024, 43(2): 56-63.
LI S H, LIU Z M, CHANG Y L, et al. Removal of coke

Huazhong  Agricultural

powders in coking wastewater using a hydrocyclone

optimized by n-value [J]. Science of the Total
Environment, 2021, 752: 141887.

ALVES D G, DA SILVA J T T, QUINTINO D B, et al.
Desander mini-hydrocyclones applied to the separation of
microspheres and sand in  non-Newtonian fluid:
Efficiencies and drag analysis [J].
Purification Technology, 2020, 234: 116131.

BICALHO I C, MOGNON J L, SHIMOYAMA ], et al.

Separation and

Separation of yeast from alcoholic fermentation in small
hydrocyclones  [J]. Separation ~ and  Purification
Technology, 2012, 87: 62-70.
SWAIN S, MOHANTY S. A 3-dimensional Eulerian-
Eulerian CFD simulation of a hydrocyclone [J]. Applied
Mathematical Modelling, 2013, 37(5): 2921-2932.
CENZ L, ZHAO J G, SHEN B X. A comparative study of
omega RSM and RNG k- & model for the numerical
simulation of a hydrocyclone [J]. Iranian Journal of
Chemistry and Chemical Engineering, 2014, 33(3): 53-
61.

ZHT, B, AR, 4. BT CFD Y 3% FH K R [
T8 Wit 43 5 e B L G I ()], Rl TR R,
2019, 35(11): 182-187.

LIJP, WUK, HE X Y, et al. Numerical simulation and
validation of solid-liquid cyclone separation device for
aquaculture water based on CFD [J]. Transactions of the
Chinese Society of Agricultural Engineering, 2019, 35
(11): 182-187.

SRR, RN, 2RIk, 4. M TSR K A B R
W6 O U s K B0 0 R K B AR (T Al TR A
#f%, 2022, 38(20): 49-58.

ZHANG J, LIU A S, LI L, et al. Hydrodynamic
characteristics and separation efficiency of the series
cyclone separator for pond aquaculture tail water treatment
[J]. Transactions of the Chinese Society of Agricultural
Engineering, 2022, 38(20): 49-58.

LEE J. Practical applications of low-pressure hydrocyclone
(LPH) for feed waste and fecal solid removal in a
system [J].  Aquacultural

recirculating  aquaculture



5 AR, A K RN AR I AR S S S5 Aa AL

1427

[17]

[21]

(23]

[24]

Engineering, 2015, 69: 37-42.

THIEMSAKUL D, PIEMJAISWANG R, SEMA T, et al.
Effect of hydrocyclone design in microplastics-water
computational ~ fluid ~ dynamics

2024, 22:

separation by using
simulations [J].
102034.

LI F, LIU P K, YANG X H, et al. Purification of granular

Results in Engineering,

sediments from wastewater using a novel hydrocyclone[]].
Powder Technology, 2021, 393: 751-763.

ZHENG Y B, SONG T, NI L. Numerical simulation
investigating the impact of regulated underflow rate on the
performance of a cyclone with split flow[J]. Separation and
Purification Technology, 2024, 345: 127312.

VDR, skasnh, M, & T IESS IR m =415
B A A Ak S RE A (0], AL THLAR, 2018, 45
(5): 622-625.

JIANG M H, ZHANG B B, XING L, et al. Structure
parameter optimization and separation efficiency analysis of
the three-phase hydrocyclone based on the orthogonal
method [J]. Chemical Machinery, 2018, 45(5) : 622-
625.

SENFTER T, FRITSCH L, BERGER M, et al. Sludge
thickening in a wastewater treatment plant using a modified
hydrocyclone [J]. Carbon Resources Conversion, 2021,
4:132-141.

R, REZHL, 2, L BT IR A Y PR B
THAUBESE T S A A AL [T ], B BT R 2224l CH AR
BT , 2021, 44(5) : 577-583.

TANG Z G, SONG A Q, LIJ, et al. Structure optimization
of a two-stage series oil-gas cyclone separator based on
orthogonal experiment [J]. Journal of Hefei University of
Technology (Natural Science) , 2021, 44(5): 577-583.
PADHI M, VAKAMALLA T R, MANGADODDY N. Iron
ore slimes beneficiation using optimised hydrocyclone
operation[J]. Chemosphere, 2022, 301: 134513.
Bz, wahR, RWbE, % JRERRSREE R SN T
WURLEY J3 A MU R T [T]. ol BARAL , 2021, 48(2):
22-28.

DUAN S S, YANG C, SONG X F, et al. Distribution of
suspended fine particles in recirculating aquaculture
systems[.”- Fishery Modernization, 2021, 48(2): 22-28.
YANG Q, WANG H L, LIU Y, et al. Solid/liquid
separation performance of hydrocyclones with different cone
combinations [ J]. Separation and Purification Technology,

2010, 74(3): 271-279.

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

MEEH, AR/INHG, TRISL, 4. BT CFD-DEM & 1K )
e A K Vb as By = BT[], el HLAR A A,
2016, 47(1): 126-132.

YU L M, ZOU X Y, TAN H, et al. 3D numerical
simulation of water and sediment flow in hydrocyclone
based on coupled CFD-DEM [J].
Chinese Society for Agricultural Machinery, 2016, 47(1) :
126-132.
ZHANG ],

Transactions of the

ZHANG N, WANG M H, et al
Hydrodynamics of waste collection in a recirculating
aquaculture tank with different flow-guide discs [J].
Aquacultural Engineering, 2024, 106: 102395.

ZHANG J, ZHANG Z H, CHE X, et al. Hydrodynamics
of waste collection in a recirculating aquaculture tank with
different numbers of inlet pipes [J]. Aquacultural
Engineering, 2023, 101: 102324.

MOUSAVIAN S M, NAJAFI A F. Influence of geometry on
separation efficiency in a hydrocyclone [J]. Archive of
Applied Mechanics, 2009, 79(11): 1033-1050.

ZHANG J, GAO Y, CHEN C C, et al. Effect of combined
water-jet inlets on the hydrodynamic performances in
square aquaculture  tanks [J].  Ocean
Engineering, 2023, 289: 116234.

SR, TR, ER, AL AR IR AR ER K SR
A RE [J]. IR R A 4, 2021, 30
(4): 702-709.

ZHANG J, JIA G C, WANG Q C, et al. Purification

arc-corner

efficiency of a recirculating aquaculture pond with different
bottom slopes [J]. Journal of Shanghai Ocean University,
2021, 30(4): 702-709.

TIAN J Y, WANG HL, LV W J, et al. Enhancement of
pollutants hydrocyclone separation by adjusting back
pressure ratio and pressure drop ratio [J]. Separation and
Purification Technology, 2020, 240: 116604.

FEEE . R IIBET AR B o3 5 i T A B il 98 T 5
[D]. TkB: ZRALK2, 2014,

CUI B Y. Numerical study on flow field and separating
process of hydrocyclone [D]. Northeastern
University, 2014.

WOFEE . K Iy o e i P BUE A 5 0 A (D], b
g EARILTRAE, 2012,

XU Y X. Numerical simulation and analysis of the

Shenyang:

separation process in the hydrocyclone [D]. Shanghai:

East China University of Science and Technology, 2012.

http://www.shhydxxb.com



1428 SR C S N S SO 33 %

Characteristics of liquid—solid two—phase flow field and structural
optimization of hydrocyclones

ZHANG Jun', LIU Haowei', CHENG Guofeng®, YAO Jingjing', CAO Shougqi', LIU Xingguo®
(1. College of Engineering, Shanghai Ocean University, Shanghai 201306, China; 2. Fishery Machinery and Instrument
Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200092, China)

Abstract: Based on the distinct characteristics of sediment particles in South American white shrimp pond
tailwater, a hydraulic cyclone separator was devised. Employing Computational Fluid Dynamics (CFD)
alongside the Discrete Phase Model (DPM) and the Reynolds Stress Turbulence Model (RSM), a numerical
model for the cyclone separator’s three-dimensional two-phase internal flow field was established. Design
variables, including overflow port diameter, underflow port diameter, cone angle, overflow pipe insertion
depth, and column length, were optimized using an L, (4°) parameterized orthogonal optimization
experimental model. This model assessed their impact on flow field characteristics and solid particle
separation efficiency. Through range analysis, optimal parameter combinations were identified, achieving a
balance between reducing pressure drop and enhancing particle separation efficiency. For example,
parameters such as an overflow port diameter of 120 mm, an underflow port diameter of 32 mm, a cone angle
of 18°, an overflow pipe insertion depth of 160 mm, and a column length of 390 mm resulted in a significant
reduction in pressure drop by 9 842 Pa and a 12% increase in separation efficiency. Physical prototypes were
fabricated and field-tested, confirming the effectiveness of the proposed methodology. Comparison of water
quality characteristics at the cyclone separator’s inlet, underflow, and overflow ports revealed negligible
relative errors between simulated and experimental particle separation efficiencies, not exceeding 5%. These
findings provide a solid basis for optimizing cyclone separators and their application in tailwater treatment in
pond aquaculture.

Key words: aquaculture tailwater; hydrocyclone; orthogonal test method; internal flow field; separation

efficiency
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