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Abstract: Centrifugal filters commonly used in irrigation systems are able to separate coarse-

grained sediments larger than 100 pm. Improving the filter structural characteristics and separation

efficiency of fine-grained sediment has become an issue that needs to be solved. Therefore, a

combination of experiment and numerical simulation was used to assess the effect of volute

optimized design and semi-closed inlets on centrifugal filter separation efficiency and energy

consumption. The results show that, balancing the relationship between the separation efficiency

and head loss, the improvement of the filter structure optimizes its internal flow field, and the filter

head loss can be appropriately increased to greatly improve the separation efficiency of fine

sediment. Compared with a conventional centrifugal filter, the volute-optimized centrifugal filter

synergistically improved the fine particle separation efficiency (22.83%-123.19%) and reduced the

head loss (39.06%-45.98%), while the semi-closed inlet improved the separation efficiency of

particle diameters above 30 um by 14.29%-60.56% and increased the head loss (18.73%-28.16%).

The combination of the two previous improvements and the reduction of the filter volume further

improved the separation efficiency (21.99%-65.10%) but gradually increased the head loss. This

study provides a new perspective for improved centrifugal filters with an efficient, broadly

applicable experimental design for studying the potential implications for highly Turbidity water

utilization in irrigation.
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1. Introduction

The reasonable use of turbidity water for agricultural irrigation has become an effective way

to alleviate the global water scarcity issue (Skaggs et al., 2000). The quality of sediment treatment

directly affects the use of irrigation systems (Zhou et al., 2017; Han et al., 2017; Adin et al.,1986).

However, a relative mature filtration protection has been used for high-sediment water dominated

by coarse-grained sediments (Bové et al., 2017; Li et al., 2015; Puig-Bargués et al., 2013). No

successful and economical solution for filtering high sediment water resources, such as Yellow River

water, which mainly contains fine-grained sediments, has been investigated (Salem et al., 2014).

The slow sedimentation speed of fine sediments leads to large sedimentation basins and high costs

(Tao, 2014), making it difficult to use sedimentation and screen, disc or sand/gravel filters (Qi et al.,

2014; Salem et al., 2011; Capra et al., 2004) to effectively treat high-concentration fine-grained

sediments. In addition, a large number of filter screens are required for fine-particle sediment

filtration, leading to frequent automatic self-cleaning and high energy consumption issues (Zhang,

2015). Therefore, the development of an accurate filtration system to efficiently separate fine

particle sediment has great significance for both the application and promotion of Turbidity water

in irrigation.

Centrifugal filters separate particles denser than water, and are considered to be the primary

treatment facility for Turbidity water irrigation, mainly because their effect is better for coarse

sediment above 100 um; however, their performance for fine particle viscous sediment is poor

(Soccol et al., 1993). In fact, centrifugal filters are the common equipment used for solid-liquid

separation according to particle size and density (Svarovsky et al., 2000) and are widely used in

food, chemicals, textiles and other fields. Under the conditions of a high energy consumption and



low flow rate, the median particle size of centrifugal filter separation can reach 5 um or less (Yu et

al., 2015; Neesse et al., 2015; Vakamalla et al., 2014;Yang et al., 2013).

For example, Williamson et al. (1983) used a micro hydrocyclone of 15 mm diameter under a

high energy consumption and low viscosity operating conditions to effectively separate hematite,

magnetite and silica fume with a size of approximately 2 um. Lv (2015) et al. used a centrifugal

filter with a 10 mm diameter under high inlet pressure conditions to separate median particles > 0.5

um. The diverse performance of the centrifugal filters used in the aforementioned works were

mainly caused by their structures and designs.

In the chemical industry with its obvious input and output benefits, their main consideration is

only how to improve efficiency, with less consideration given to the filter energy consumption. Thus,

the separation efficiency it has been improved by optimizing the inlet form of the centrifugal filter

(Noroozi et al., 2009), overflow pipe (Martinez et al., 1993) and volume (Vakamalla et al., 2018),

as well as other structural and size improvements. However, for the agricultural field the input and

operating costs of the entire irrigation system must be considered comprehensively; that is, the

separation efficiency of the filter and the energy consumption of the system must be considered

(Yurdem et al., 2010).

Therefore, can we change our thinking and increase the separation efficiency of the centrifugal

filter for fine sediment by appropriately increasing the energy consumption and reducing the cost of

the filtration system? At present, a comprehensive research on the improvement of centrifugal filters

and the balance of energy consumption caused by separation efficiency and head loss has not been

reported.

Based on these hypotheses, this study uses a combined method of practical experiments and



computational fluid dynamics (CFD) analysis to study the influence of the optimized design of
volutes and semi-closed inlets on the separation efficiency and head loss of centrifugal filters. The
objectives were: 1) to clarify the effects of two improvements on filter inlet on the separation
efficiency and the head loss of different sediment sizes; 2) to reveal the hydrodynamics of the two
inlet improvements affecting the hydraulic performance of the filter; and 3) to explore ways of
further improving the separation efficiency of fine sediment and the impact of an increased head
loss. This study might provide guidance for an improved method of centrifugal filters for fine

particle sediments.

2. Material and Methods

2.1 Test arrangement

An outdoor filter test platform was built at the Beijing Tongzhou experimental station, China
Agricultural University. This test platform (Fig. 1b) includes material handling devices, water
supply devices, filtration systems, measuring devices and connecting pipes. The test platform
consisted of three different types of filters, including two inlet optimized forms: a casing inlet (CI),
a semi-closed inlet (SI), and a conventional inlet cone type (CK), using the same water source. The
filter maximum flow rate was 50 m*/h, and the main structural diagram and parameters are shown
in Fig. 1a and Table 1:

<# Fig. 1 approximately here # >

<# Table 1 approximately here # >



2.2 Test treatment

2.2.1. Single particle size gradation

Undisturbed sediment was collected from the Yellow River irrigation area (continuous
irrigation channel-Wushen Main Canal), and an ultrasonic rotary vibrating screen was used for the
screening treatment under five different particle diameter ranges (0-20 um, 20-40 pm, 40-60 pum,
60-80 pm, and 80-100 pm) for testing.

<# Table 2 approximately here # >
2.2.2 Gradation of mixed particle sizes in typical irrigation areas

The sediments from the three typical irrigation areas of Ningxia, Neimeng, and Shanxi in the
middle and upper reaches of the Yellow River were selected for making the particle gradations. As
shown in Table 2, five concentration conditions (1, 2, 3, 4, 5 g/L) were set to simulate the mixed
grain size sand-containing water in typical irrigation areas. Turbidity water was simulated with
mixed particle sizes and tested under the conditions of eight operating flow rates (15, 20, 25, 30, 35,
40, 45, 50 m>/h).

2.3 Test indicators

2.3.1 Sediment distribution test and volume fraction extraction

The sediment particle sizes were tested before and after filtration using a laser particle size
analyzer (Mastersizer2000, Malvern, UK). The agitator speed of the analyzer and the shading range
were maintained at 2500 rpm and 10%-20%, respectively. Before the test, 0.3-0.4 g of the sample
were placed into a 50 mL Erlenmeyer flask, few drops of deionized water were added to infiltrate
the sample, and H>O, and sand bath heating were added. One mL of dispersant (sodium
hexaphosphate) and 35 mL of deionized water were added to the cooled Erlenmeyer flask, and the

particle size distribution was tested after standing.



2.3.2 Sediment removal rate

The pycnometer method was used to calculate the sediment removal rate according to the

following formula:

e (D
Ps—pP
V=" 2
p
§ =XV _ PXPs  WamWa o 10300 (3)
4 ps—p  Wr-W;

W, weight of the pycnometer, g, W»; weight of distilled water and pycnometer, g, W3; weight
of the water sample and specific gravity of bottle, g, p; density of water; g/cm?, pg; density of sand
in the Yellow River, 2.74 g/cm?.

The separation efficiency of the centrifugal filter was characterized by the difference in the
water source concentration before and after filtration, with the following formula:

E = " x 100 (4

E; separation efficiency (%), Cz; the filter inlet concentration (g/ml), C;,; the filter outlet

concentration (g/ml).
2.4 Numerical simulation method

2.4.1. Meshing

The NX UG 8.0 software was used to establish an isometric three-dimensional model of the
three centrifugal filters’ internal watershed. (Zhou et al., 2021) The structural parameters of the
filters are shown in Table 1. The ICEM was used as the pre-processing software to mesh the
imported water in the three-dimensional model. The overall mesh is an unstructured grid with a size
of 0.5 mm, where the water inlet and overflow are partially densified with a grid size of 0.3 mm.

The quality of the grid passes the irrelevance test, as shown in Fig.S1.



2.4.2. Simulation model

The RNG k-¢ model was selected as the turbulence model, and the water inlet was set as a
velocity inlet, with the overflow port of the pressure outlet and the nonslip wall. The SIMPLEC
algorithm was used to solve the pressure-velocity coupling, where the difference format was the
second-order upwind style, and the calculation accuracy was 104 The DPM model was selected for
the discrete phase numerical calculation, and the mixed particle size of the sediment was fitted to
the Rosin-Rammler function according to the undisturbed sediment particle data, with a spread
parameter 1.30. The selected density of the discrete phase was 2740 kg/m® of calcium carbonate,
the wall condition overflow port escaped, and the other walls were reflected. The fitted formula is
shown in equation 5. Taking the CI filter as an example for model correction, see Supplementary
Material Fig. S2 for details. Under different flow conditions, numerical simulations and
experimental tests of the head loss, the separation efficiency and head loss fitting of numerical

simulation and experimental test were both within 5%.

Y; = exp [— (:—1)1'30] (5)

In the formula: Yy is the mass fraction of particles larger than the specified particle size d;
d is the particle size, pm.
2.5 Statistical analysis

Regression analysis was used to quantify the correlations between separation efficiency and
head loss. The significance of the independent variable was determined at P<0.01. The statistical

analysis was carried out using SPSS (ver. 17.0, IBM Analytics).



3. Results

3.1 Separation efficiency

The separation efficiency of centrifugal filters of different structures under single particle size

and mixed particle size obtained are shown in Figs. 2, S3 and S4. Compared with the CK, the

average separation efficiency of the SI filter with the semi-closed inlet and CI filters with the casing

inlet were increased by 47.36%-257.55% and 22.83%-123.19%, respectively. Moreover, a

significant (P < 0.01) correlation was found among the 40-100 pum particle sizes, where the trend

was Esi>Eci>Eck, and as the particle size increased, the separation efficiency difference of different

filters gradually decreased. When the particle size increased from 40-60 pm to 80-100 um, the

separation efficiency of SI and CI filters were reduced from 2.86 and 1.43 times to 2.05 and 1.21

times, respectively, compared to CK filters. Under the conditions of a particle size of 40-100 um,

the separation efficiency showed an obvious upward trend. The separation efficiency for sediments

in the particle size of 0-20 um ranged between 1.81%-11.82%, with a particle size of 80-100 um

between 18.85%-66.41%, and under a mixed size particle was between 7.26%-40.95%.

<# Fig. 2 approximately here # >

3.2 Head loss

The head loss correlation of the different centrifugal filters considering the different

experimental flow rates and concentrations is shown in Fig 3. Compared with the CK filter, the

average head loss of the SI filter with the semi-closed inlet optimized form was increased by

18.73%-28.16%, while the average head loss of the CI filter was reduced by 39.06%-45.98%.

Moreover, the head loss of three different filters under different particle size conditions had a

significant linear correlation (P < 0.01). With the change in the particle size, the head loss of the



CK, SI, and CI filters did not present obvious changes, reported as 1.70 m-13.78 m, 2.56 m-20.63

m, and 0.99 m-8.28 m respectively. However, the different structures showed a significant difference

in head loss among the three different centrifugal filters (P < 0.01), and ranked as AHs;>AHck>AHcr.

<# Fig. 3 approximately here # >

3.3 Correlation between the separation efficiency and head loss

The correlations between the head loss and separation efficiency of the three different types of

centrifugal filters at 1 g/L and 5 g/L are shown in Figs. 4, S5 and S6. When the particle size ranged

between 40-100 um, under the various flow rates the head loss and separation efficiency of different

centrifugal filters and flow rates showed a significant quadratic correlation (P < 0.05). With an

increasing separation efficiency, the head loss shows a gradual increase at the initial stage and a

sharp increase in the later stage. At the same time, with an increasing particle size, the change of

head loss decreases with an increasing separation efficiency. When the particle size increased from

40-60 pm to 80-100 um, the average regression slopes of the three centrifugal filters of CK, SI and

CI decreased by 65.17%-77.44%, 12.50%-37.57% and 25.02%-55.07%, respectively.

<# Fig. 4 approximately here # >

3.4 Flow and sediment movement characteristics inside the filter

The internal flow conditions of the three types of centrifugal filters are shown in Figs. 5 and

S7. The cross-sectional flow field (Fig. Sa, h, j) shows that the tangential velocities of the three filter

cross sections gradually decrease from the sidewall to the center and from top to bottom. The

average flow rates of the two improved filters SI and CI were 2.20- and 1.47-fold higher than that

of CK. For the longitudinal cross-section flow field (Fig. 5b), the CK and SI filters had secondary

eddy currents on both sides of the zero-speed envelope surface, the short-circuit flow phenomenon



of CK was more obvious, the center point of the secondary vortex of the CI filter part was at the

center, and the zero-axis speed envelope surface was irregular.

For the movement of different sizes particles, there were more particles in the sedimentation

tank within the 80-100 pm range compared to 0-20 um particles under the same number of particles

filled. As for SI filter, the height of the trajectory concentration area in the cylindrical section

gradually reduced with an increase in the particle size and a decrease of sediment particles number

in overflow pipe. But for CI filter, the short-circuit flow effect was more obvious with a smaller

trajectory difference in sand collection tank. As the particle size increased, the chance of particles

depositing in the sand collecting tank increased. Among them, the 0-20 um particle size sediment

only entered the overflow after the cylindrical section and the cone end moved. Silt with a particle

size of 80-100 pm entered the sand-collecting tank, and only a small part was discharged with the

action of the internal swirling flow.

<# Fig. 5 approximately here # >

4. Discussion

4.1 Centrifugal filter inlet improvement effects on fine sediment separation efficiency and

head loss

The optimized semi-closed inlet of the SI filter increased on average the separation efficiency

and increased the head loss respectively. The main reason is that, compared with the CK filter, the

SI had a semi-closed inlet, and an arc baffle was installed at the inlet near the axis, which played a

role in diversion and rotation. As shown in Fig. 5a, the flow velocity difference between the cross

section axis and the edge area was relatively large, pushing the filtered fluid closer to the wall of the

filter. The centrifugal effect of the filter as a whole was strong, and the separation efficiency was



enhanced (Tang et al., 2015), but at the same time the head loss is increased.

The average separation efficiency of the CI filter with the optimized volute inlet increased, and

the head loss was reduced. The main reason is that, the CI filter adopted a volute-shaped inlet for

diversion, which prevented the fluid from directly impacting the wall of the filter after entering the

filter barrel (Chiné and Concha., 2000), increasing the internal flow velocity of the filter and

improving the separation efficiency; but the diversion effect reduced the head loss. Patra et al. (2017)

also showed that a hydrocyclone with a spiral in the cylindrical section has a better efficiency than

conventional hydrocyclones under the same geometric and operational conditions.

The main improvement of both SI and CI filters was their much smaller size, comparing to the

CK filter. Under the same flow conditions, the internal flow rate of the filter increased, which

increased the cyclone separation effect of the water flow, thereby increasing the separation

efficiency (Qian et al., 2016; Liu et al., 2014). However, at the same time the head loss caused by

the frictional force under the action of viscosity also increased. This is also consistent with the study

by Neesse et al. (2015). When the diameter of the centrifugal filter is reduced to approximately 10

mm, under high pressure conditions the separation particle size D50 reaches 0.5-2.8 um.

4.2 Ways to improve the separation efficiency of fine sediments by optimizing the structure of

centrifugal filters

Compared with others filter, the separation efficiency of the CI filter with an increasing volute

inlet increased by 22.83%-123.19%, but its head loss was reduced by 39.06%-45.98%. Therefore,

Cl filter was used as the basic optimized filter configuration. The separation efficiency and the head

loss of the SI filter with a semi-closed inlet increased by 18.73%-28.16% and 47.36%-257.55%,

respectively. Fig. 6a shows that this research added a semi-closed inlet based on the CI filter to form



a new filter structure, CI-SI, in order to improve the separation efficiency. Under the condition of a

flow rate of 1 g/L and a sediment concentration of 50 m3/h, the separation efficiencies of the new

filter CI-SI and the three-structure filter are shown in Fig. 6b. Compared with the SI filter, its

separation efficiency for sediments of approximately 10 um was not noticeable improved, but the

separation efficiency for 30 um particles was further improved by 14.29%-60.56%. Compared with

the CK filter, the overall separation efficiency was increased by 50.24%- 550.17%.

< # Fig. 6 approximately here # >

For the same filter structure, operating parameters such as the inlet flow rate also have a

significant impact on the separation efficiency and head loss (Patra et al., 2017; Zhang et al., 2017,

Vieira et al., 2016;). as shown in Fig. 7c, the head loss of the same centrifugal filter increases rapidly

first and then slowly with the separation efficiency because the head loss generally increases with

an increase in the flow rate. When the flow rate is low, the centrifugal force in the filter is small,

which is not sufficient to effectively separate the mixture, and the separation efficiency is poor. As

the flow rate increases, the separation efficiency increases. When the flow rate increases to a certain

value, the separation efficiency tends to stabilize, or even decrease. On one hand, when the flow

rate is too high, the residence time of the solid particles in the filter is reduced, which is not

conducive to full separation.

As a result, it also leads to a discharge of the remaining particles in the sand collecting tank

with the internal swirl flow (Wang, 2019). Therefore, for the same filter the treatment flow can be

optimized to achieve a trade-off between the head loss and separation efficiency. In agriculture, the

flow of the filter in the irrigation system depends on the irrigation control area and the irrigation

mode, which is relatively constant, but for the same reason we can adjust the overall size of the filter



to achieve a higher separation efficiency with an appropriate increase in the head loss.

<# Fig. 7 approximately here # >

To further improve the separation efficiency and adjust the overall size of the filter, taking the

design flow rate of 50 m*/h as an example, the SI-CI filter was scaled. The separation efficiency is

shown in Fig. 8a, and the zoom height is found to be 756 mm (XZ filter) with the best effect.

Compared with the original 945 mm filter, the separation efficiency was increased by 21.99%-

65.10%. At the same time, compared with the CK filter the separation efficiency of the XZ filter for

sediment particles above 30 um increased by 86.58%-973.71% (Fig. 8b) and its head loss increased

by 27.27%-55.56%, where the smaller the particle size, the more significant the lifting effect. The

increased of head loss will increase the energy consumption of irrigation system. This method is

suitable for areas with high concentration of sand but sufficient energy. In the future, we can deepen

the research to propose a suitable application range of centrifugal filters with different

improvements.

The suitable sediment concentration of the filter is also the main limiting factor for its

promotion and application (You et al., 2004). Due to the large area and high cost of the sedimentation

tank, centrifugal filter is generally suitable for high-concentration Turbidity water above 8 g/L. Sand

and gravel (Solé-Torres et al., 2019), screen (Duran-Ros et al., 2009; Juanico et al., 1995), and other

conventional filters are often used in Turbidity water with a concentration below 5 g/L. However,

for Turbidity water with a concentration of 5-8 g/L, effective filtration facilities are rare (Puig-

Bargués et al., 2005; Capra and Scicolone., 2004). For the new filter suitable concentration pair,

such as 8c, the separation efficiency of the new filter XZ at a sediment concentration of 7 g/L is

better than that of the CK filter at a sediment concentration of 3 g/L. Therefore, the centrifugal filter



can, up to a certain extent, fill the lack of effective filtration facilities for Turbidity water with a
concentration of 5-8 g/L.

<# Fig. 8 approximately here # >

5 Conclusion

(1) Compared with the conventional centrifugal filter (CK), the average separation efficiency
and head loss of the optimized semi-closed water inlet (SI) filter increased by 47.36%-257.55% and
18.73%-28.16%, respectively. The average separation efficiency of the optimized volute inlet (CI)
filter increased by 22.83%-123.19% while reducing the head loss by 39.06%-45.98%.

(2) The separation efficiency of different centrifugal filters increased significantly with an
increasing particle size; however, the head loss did not show significant changes with variations in
the particle size. In addition, a significant (P < 0.05) quadratic correlation was found between the
head loss and separation efficiency for particle sizes of 40-100 um.

(3) Under the flow condition of a 1 g/L sediment concentration and a 50 m*h flow rate, the
casing inlet (CI) can synergistically improve the fine particle separation efficiency and the reduction
of the head loss, and the semi-closed (SI) inlet can increase the separation efficiency of particle
diameters above 30 um by 14.29%-60.56% on this basis, further reducing the volume of the filter

and increasing the separation efficiency by 21.99%-65.10%.

Acknowledgements

We are grateful for the financial support from the National Natural Science Foundation of

China (51790531) and National Key Research Project of China (2017YFD0201504).



Compliance with ethical standards

Conflict of interest: On behalf of all authors, the corresponding author states that there is no

conflict of interest.



6. References

Adin A, Alon G. Mechanisms and process parameters of filter screens[J]. Journal of Irrigation &
Drainage Engineering, 1986, 112(4):293-304.

Bové J, Puig-Bargués J, Arbat G, et al. Development of a new underdrain for improving the
efficiency of micro irrigation sand media filters[J]. Agricultural Water Management, 2017,
179:296-305.

Capra A, Scicolone B. Emitter and filter tests for wastewater reuse by drip irrigation[J]. Agricultural
Water Management, 2004, 68(2):135-149

Chiné B, Concha F. Flow pattern in conical and cylindrical hydrocyclones[J], Chemical Engineering
Journal. 2000.80(1-3):267-273

Chu LY, Chen W M, Lee X Z. Effect of structural modification on hydrocyclone performance[J]
Separation and Purification Technology, 2000, 21:71-86.

Cruz O C, Jose R Z, Barreto A C. Efficiency of A Hydrocyclone of "Rietema" Geometry for Pre-
Filtering of Water for Irrigation[J]. Engenharia Agricola, 2010, 30(4):637-645

Duran-Ros M, Puig-Brgues J, Arbat G. Performance and backwashing efficiency of disc and screen
filters in micro-irrigation systems[J]. Biosystems Engineering, 2009, 103(1): 35-42

Han S Q, Li Y K, Xu F P, et al. Effect of lateral flushing on emitter clogging under drip irrigation
with yellow river water and a suitable method[J]. Irrigation and Drainage, 2018, 67(2):199-
209.

He F Q, Zhang Y H, Wang J G, et al. Flow patterns in mini-hydrocyclones with different vortex
finder depths[J]. Chemical Engineering and Technology, 2013, 36(11):1935-1942

Juanico M, Azov Y, Teltsch B. Effect of effluent addition to a freshwater reservoir on the filter
clogging capacity of irrigation water[J]. Water Research, 1995, 29(07): 1695-1702

LiY K, Song P, Pei Y T, et al. Effects of lateral flushing on emitter clogging and biofilm components
in drip irrigation systems with reclaimed water[J]. Irrigation Science, 2015, 33(3):235-245.

Liu Y, Yang Q, Qian P, et al. Experimental study of circulation flow in a light dispersion

hydrocyclone Science Direct[J]. Separation and Purification Technology, 2014, 137:66-73.



Lv W J, Huang C, Chen J Q, et al. An experimental study of flow distribution and separation
performance in a UU-type mini-hydrocyclone group[J]. Separation and Purification
Technology, 2015, 150:37-43

Motin, A, Bénard, A. Design of liquid-liquid separation hydrocyclones using parabolic and
hyperbolic swirl chambers for efficiency enhancement[J]. Chemical Engineering Research and
Design, 2017, 122:184-197

Neesse T, Dueck J, Schwemmer H, et al. Using a high pressure hydrocyclone for solids classification
in the submicron range[J]. Minerals Engineering, 2015, 71:85-88.

Noroozi S, Hashemabadi S H. CFD simulation of inlet design effect on deoiling hydrocyclone
separation efficiency[J]. Chemical Engineering and Technology, 2009,32(12):1885—-1893.
Patra, G, Velpuri, B, Chakraborty S, et al. Performance evaluation of a hydrocyclone with a spiral

rib for separation of particles[J]. Advanced Powder Technology, 2017, 28(12), 3222-3232.

Puig-Bargués J, Barragan J, Cartagena F R D. Development of Equations for calculating the Head
Loss in Effluent Filtration in Microirrigation Systems using Dimensional Analysis[J].
Biosystems Engineering, 2005, 92(3):383-390.

Puig-Bargués J, Lamm F R. Effect of flushing velocity and flushing duration on sediment transport
in micro irrigation driplines[J]. Transactions of the ASABE, 2013, 56:1821-1828.

Qi Y X. Experimental study on the treatment effect of gravity sedimentation filter pool of river drip
irrigation on river cement sand [J]. China Rural Water and Hydropower, 2014, (4): 15-17
Qian P, MaJ, Liu Y, et al. Concentration distribution of droplets in a liquid—liquid hydrocyclone and

its application[J]. Chemical Engineering and Technology, 2016, 39(5):953-959.

Skaggs R. Drip irrigation in the desert: adoption, implications, and obstacles[J]. General
Information, 2000, 25(2):716-716.

Soccol O J, Botrel T A. Hydrocyclone for Pre-Filtering of Irrigation Water[J]. Scientia Agricola,
2004, 61(2): 134-140

Solé-Torres C.arles, Puig-Bargués J.aume, Duran-Ros M , et al. Effect of different sand filter
underdrain designs on emitter clogging using reclaimed effluents[J]. Agricultural Water
Management, 2019, 223(20):105683.

Svarovsky L. Solid—-Liquid Separation, 4th ed[M]. Butterworth-Heinemann, Oxford, 2000



Tang B, Xu Y, Song X, et al. Effect of inlet configuration on hydrocyclone performance[J].
Transactions of Nonferrous Metals Society of China, 2017, 27(7), 1645-1655.

Tang, B., Xu, Y., Song, X, et al. Numerical study on the relationship between high sharpness and
configurations of the vortex finder of a hydrocyclone by central composite design[J]. Chemical
Engineering Journal, 2015, 278:504-516.

Tao H F, Yang H H, Ma Y J, et al. Influence of flow rate on flow velocity distribution in gravity
sinking and filter tank for drip irrigation with river water[J]. Transactions of the Chinese
Society of Agricultural Engineering, 2017, 33(1): 131-137

Vakamalla T R, Koruprolu, V B R, Arugonda R, et al. Devel-opment of novel hydrocyclone designs
for improved fines classification using multiphase CFD model[J]. Separation and Purification
Technology, 2017, 175: 481-497.

Vakamalla T R, Koruprolu, V B R, Arugonda R, Mangadoddy N. Development of novel
hydrocyclone designs for improved fines classification using multiphase CFD model[J].
Separation and Purification Technology, 2017, 175:481-497.

Vakamalla T R, Kumbhar K S, Gujjula R, et al. Computational and experimental study of the effect
of inclination on hydrocyclone performance[J]. Separation and Purification Technology, 2014,
138:104-117.

Vakamalla T R, Mangadoddy N. Numerical simulation of industrial hydrocyclones performance:
Role of turbulence modelling[J]. Separation and Purifi- cation Technology, 2017, 176:23-39.

Vieira L G M, Silva D O, Barrozo M A S. Effect of inlet diameter on the performance of a filtering
hydrocyclone separator[J]. Chemical Engineering & Technology, 2016, 39(8), 1406—1412.

Wang H L. Advanced hydrocyclone technology for Liquid-Solid separation [M], Beijing:Chemical
Industry Press, 2019

Wang Q, Lu L, Zhong G X, et al. Numerical study on seasonal transportation of the suspended
sediments in the modern yellow river mouth effected by the artificial water and sediment
regulation[J]. Journal of Ocean University of China, 2019, 1:20-30.

Williamson R D, Rott T R, Kumar H S, et al. Use of hydrocyclones for Small Particle Separation[J].

Separation Science and Technology, 1983, 18(12-13):1395-1416.



Yang A Q, Li Z M, Lv W ], et al. On the laboratory and field studies of removing fine particles
suspended in wastewater using mini-hydrocyclone[J]. Separation and Purification Technology,
2013, 110(23):93-100.

You Zai-Jin. The effect of suspended sediment concentration on the settling velocity of cohesive
sediment in quiescent water[J]. Ocean Engineering, 2004, 31 (16): 1955-1965

Yu J F, Fu J, Cheng H, et al. Recycling of rare earth particle by mini-hydrocyclones. Waste
Management[J], 2017, 61:362-371.

Yurdem H, Demir V, Degirmencioglu A. Development of a mathematical model to predict clean
water head losses in hydrocyclone filters in drip irrigation systems using dimensional
analysis[J]. Biosystems Engineering, 2010, 105 (4), 495-506.

Zhang WB, LiCM, CaoF. Effect Evaluation on Sediment Treatment of Drip Irrigation Project

for the Yellow R iver Water [J]. Transactions of the Chinese Society of Agricultural
Engineering, 2015, 5(4):107-109.

Zhou Bo , Hou Peng, Xiao Yang, et al. Visualizing, quantifying, and controlling local hydrodynamic
effects on biofilm accumulation in complex flow paths[J]. Journal of Hazardous Materials,
2021, 416(1):125937

Zhou H X, Li Y K, Wang Y, et al. Composite fouling of drip emitters applying surface water with
high sand concentration: Dynamic variation and formation mechanism[J]. Agricultural Water

Management, 2019, 215:25-43.



D P—

E = i a
Inlet Inlet Inlet
== 1

p=)

=
5 7 [PHE =

CK SI Cl

Fig. 1 (a) Three kinds of centrifugal filter structure; (b) Centrifugal filter test platform layout
diagram, among them, 1~3: tested centrifugal filter SI, CI, CK; 4: reservoir; 5: floating type stirrer;
6: submersible pump; 7: electromagnetic flowmeter; 8: diversion butterfly valve; 9: overflow
sampling port; 10: inflow sampling port; 11: inflow pressure gauge; 12: overflow pressure gauge.
D: outer diameter of volute; Do: inlet diameter; D;: diameter of overflow pipe; D»: diameter of sand
tank ;L: volute pitch; H: depth of overflow pipe; Hs: volute height; 0: cone angle;
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Fig. 2 Comparison of sediment separation efficiency under the sediment gradation conditions of a

typical Yellow River irrigation area, (a)-(¢) are the separation efficiency of a single particle size

gradation, (f) are the separation efficiency of a mixed particle size gradation, where ** indicates

P<0.01
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Fig. 3 Head loss comparison, (a)-(e) is the head loss of a single particle size gradation, (f) is the

head loss of a mixed particle size gradation, where ** means P<0.01
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Fig. 4 Correlation between head loss and separation efficiency, (a)-(e) is the correlation between the

head loss of a single particle size gradation and the separation efficiency, (f) is the correlation

between the head loss of the mixed particle size gradation and the separation efficiency, where *

means P<0.05, and ** means P<0.01.
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movement of sediment particles of different sizes in the filters of CK, SI, and CI filters trajectory.
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Fig. 6 (a) Optimization design ideas of centrifugal filter structure; (b) Performance comparison of

the new centrifugal filter CI-SI and CK, SI, CI three centrifugal filters at a concentration of 1g/L.
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Fig. 7 Correlation between head loss and separation efficiency under different flow conditions, QX :
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the slope of the fitted curve of Head loss in Fig.7 (a).
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Fig. 8 (a) Separation efficiency of centrifugal filters of different sizes at a concentration of 1g/L; (b)
performance comparison of a newly made centrifugal filter (XZ)and three centrifugal filters of CK,

SI, and CI at a concentration of 1g/L; and (c) Separation efficiency at different concentrations.






Table 1 Structural parameters of the centrifugal filters

Outer diameter

Diameter of Sand collecting
Volute pitch ~ Volute height Inlet diameter Depth of overflow  Vertebral height ~ Cone angle Diameter of sand
.. of volute D overflow pipe D, tank length W,
Casing inlet filtes L (mm) H; (mm) D, (mm) pipe H (mm) H, (mm) 0/° tank D, (mm)
(mm) (mm) (mm)
(€D
244 88 172 80 80 172 530 30 180 300
Diameter of Depth of Depth of Width of Sand collecting
Inlet diameter Dy Vertebral height H, Cone angle Diameter of sand
Semi-closed inl overflow pipe D, overflow pipe H cylindrical section cylindrical section tank length W,
emi-closed inlef (mm) (mm) 0/° tank D, (mm)
filter (SI) (mm) (mm) H; (mm) W (mm) (mm)
80 80 70 300 280 420 25 260 400
Diameter of Depth of Depth of Width of Sand collecting
. Inlet diameter Dy Vertebral height H, Cone angle Diameter of sand
Conventional overflow pipe D;  overflow pipe H cylindrical section  cylindrical section tank length W,
. (mm) (mm) 0/° tank D, (mm)
inlet cone (mm) (mm) H, (mm) W (mm) (mm)
filter (CK)
80 80 0 180 250 320 30 120 300




~

Table 2 Simulated mixed particle size and sediment gradation in typical irrigation areas

0-20pm 20-40pm 40-60pm 60-80pm 80-100um
Ningxia 20 25 25 20 10
Neimeng 25 25 25 15 10
Shanxi 30 25 25 15 5
Note: Simulated mixed particle size and sediment gradation under five concentration

conditions (1, 2, 3,4, 5 g/L)
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