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ABSTRACT 

The drainage performance of a mesh filter determines the water consumption degree 
of the filter and the efficiency of the next work cycle. Through analysis, we found 
that the influent flow rate and the sediment content of the influent were important 
influencing factors. This experiment focused on the drainage time, pressure 
difference, and cleanliness to investigate the drainage performance of a new type of 
flap filter. The results showed that with increasing inlet flow rates, the time to 
discharge the effluent decreased, and the time required for the difference between the 
primary and secondary sewage pressures to reach a constant level was shorter. The 
cleanliness and drainage effects were improved. To verify this, we established 
mathematical models of sewage discharge time, sewage pressure difference, and 
sewage cleanliness based on the mass conservation law. The results showed that the 
relative error between the fitting calculation results and the experimental results was 
small, and the formula fit was over 95%. In the actual work, to achieve efficient 
sewage discharge under the condition of low sewage discharge and low water 
consumption, the discharge flow rate was set to 180 m³ h-1, and the sewage discharge 
time was set to 50 s. Under this condition, the sewage cleanliness reached above 97%. 

 

 

INTRODUCTION 

Water resources constitute an irreplaceable basic 

element in agricultural development, but the current 

scarcity of water resources limits the sustainable 

development of agricultural production. How to conserve 

and efficiently utilize water resources has become a 

necessary factor to promote agricultural development 

(Hamududu & Ngoma 2020；Li et al. 2020；Rashid et al. 

2020). Microirrigation technology is the best way to save 

water resources and provides a strong guarantee for the 

development of water-saving irrigation (de-Vito et al. 

2019). As the core component of microirrigation systems, 

filters plays the important role of removing sediment 

particles and other suspended impurities from the muddy 

water source (Zong et al. 2015). Many scholars have 

analysed the head loss and sewage time of mesh filters 

through a large number of experimental studies, 

including filtration tests and sewage tests. The sewage 

time is defined as the required time for a screen filter to 

complete sewage cleaning. Many relevant research 

results have been obtained on the head loss and sewage 

time of mesh filters. First, many scholars have studied  

changes in the head loss of mesh filters during the 

filtration process. The results have shown that the head 

loss of mesh filters is related to the water flow rate, the 

sand content of the water and the porosity of the filter 

and that the pressure difference between the water inlet 

and outlet changes exponentially with time (García–

Nieto et al. 2018；Bové et al. 2015；Elbana et al. 2013；
Piecuch et al. 2013； Yurdem et al. 2010； Duran-Ros et 

al. 2009；Puig-Bargués et al. 2005). At the same time, 

previous studies have also analysed the dissolved oxygen 

in the filtering process of the mesh filter, the turbidity of 

the water source after filtration, the flow change after 

filtration, and the relationship between head loss and 

filter blockage. By combining analysis models, such as 

Gaussian process regression (GPR), artificial neural 

networks (ANNs), multivariable linear regression (MLR), 

gene expression programming (GEP), MATLAB and 

other dimensional analysis methods, changes in the head 

loss of mesh filters over time have been analysed 

(García–Nieto et al. 2020； Mesquita et al. 2019； 

Bounoua et al. 2016；García–Nieto et al. 2016；Martí et 

al. 2013；Elbana et al. 2012). Second, most scholars 
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analysed the cleaning time of mesh filters through 

various test methods. By combining the sewage 

efficiency and sewage pressure difference, the sewage 

discharge process of mesh filters was studied, the 

influencing factors of the sewage process were 

determined, the sewage time value under various 

working conditions was measured, and the actual sewage 

time of the mesh filter was determined with guidance 

(de-Deus et al. 2020；Zong et al. 2019). Although there 

have been many reports on filters, new types of flap 

filters have rarely been studied. In particular, there is no 

relevant study on the sewage discharge time and sewage 

pressure difference during the sewage discharge process, 

and the sewage discharge effect of new filters has not 

been reported. Herein, a new type of flap-type mesh filter 

was studied focusing on the change in the drainage time 

and pressure difference during the drainage process of 

the filter; this type of study can provide guidance for the 

drainage of the flap-type mesh filter. By analysing the 

law of the sewage discharge time and the pressure 

difference of sewage discharge, the optimal sewage 

discharge time under each working condition can be 

accurately determined, which helps to avoid the 

problems of incomplete sewage discharge and 

considerable water consumption caused by insufficient 

sewage discharge times and excessively long sewage 

discharge times, respectively. 

MATERIAL AND METHODS 

Working principle of the flap filter 

Filter structure 

Figure 1-1 shows the structure of the flap filter, 

which is composed of a filter housing unit, a filter 

element and a 90° rotating flap set in the middle of the 

filter. Figure 1-2 shows a schematic diagram of the 

internal water flow in the filtering process of the flap 

filter. Figures 1-3 and 1-4 show schematic diagrams of 

the internal water flow in the first and second flap filter 

stages, respectively. The dimensions of the main 

components of the flap filter are as follows: the inner 

diameter of the water inlet is 200 mm, the inner diameter 

of the water outlet is 200 mm, the inner diameter of the 

sewage outlet is 150 mm, the filter housing length is 

1700 mm, the diameter is 380 mm, the length of filter 

screen is 1520 mm, and the inner diameter is 280 mm. 

The rated working flow of the filter is set to 140 m3 

h-1-220 m3 h-1. 

 

  
① Sewage outlet; ② Filter screen; ③ Rotatable flap; 

④ Water outlet; ⑤ Water inlet; ⑥ Water outlet 

1-1 Structure of the flap filter 

1-2 Schematic diagram of the internal water flow in the 

filtering process of the flap filter 

  

1-3 Schematic diagrams of the internal water flow in the  

first stage of the flap filter 

1-4 Schematic diagrams of the internal water flow in the 

second stage of the flap filter 

FIGURE 1. Structure of the flap filter and schematic diagram of the internal water flow of the flap filter. 

 

Working principle of the filtration process 

When the flap filter is working (Figure 1-2), the 

flap should be kept open, and the drain outlet should 

remain closed. Sandy irrigation water deposited in the 

sedimentation tank enters the filter through the water 

inlet and is then filtered from the inside of the filter to 

the outside. Particles larger than the filter aperture are 

intercepted inside the filter and form a pile. The     

fresh filtered water enters the designated irrigation system  

from the water outlet. Due to the accumulation of 

sediment, a pressure difference is formed inside and 

outside the filter screen. When the pressure difference 

exceeds a pre-set threshold (to study the change rule of 

the flap filter throughout the working cycle, this test sets 

the sewage start-up pressure difference as the peak 

pressure difference corresponding to the sand-containing 
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filtering conditions), the sewage discharge work       

is initiated. 

Working principle of the sewage process 

The drainage process of the flap filter can be 

divided into two stages. The first stage is the primary 

discharge stage (Figure 1-3). In this stage, the flap is kept 

open, the sewage valve is open, and the water outlet 

valve is closed. Clean water enters the filter from the 

water inlet, carries sediment impurities between the 

water inlet and the flap, and forms a pile between the 

flap and the water outlet. The second stage is the 

secondary discharge stage (Figure 1-4). After the primary 

sewage discharge stage is complete, the plate is swiftly 

closed and the water outlet is then opened. Clean water 

enters the filter from the water inlet, arrives between the 

filter housing and the screen through the inside of the 

screen between the flap and the water inlet, and then 

reaches the inside of the screen through the screen 

between the flap and the water outlet. Meanwhile, under 

the conjunction of the fresh water and the returned water 

produced by the water outlet pipe, the sediment 

impurities are carried out of the filter, and the secondary 

sewage discharge is completed. Next, the flap and water 

outlet valve were reopened, and the sewage outlet valve  

was closed. If the pressure difference between the water 

inlet and outlet returns to the initial value of the pressure 

difference of the filter, the entire sewage discharge 

process is completed, and the system can begin the 

filtering cycle. Throughout the whole process, the water 

inlet pressure and the combined effect of the water inlet 

and returned water pressures are utilized in the two 

sewage discharge stages to clean the surface of the filter 

screen and move the sediment, respectively. 

Test devices and test methods of flap net filter 

Test device 

In this experiment, a net filter for microirrigation 

with common specifications produced by Xinjiang 

Shihezi TianLu Water-Saving Equipment Co., Ltd. was 

used. The test device is shown in Figure 2. The test 

platform was built in the Engineering Hydraulics test hall 

of the School of Water Conservancy and Construction 

Engineering, Shihezi University, Xinjiang Uygur 

Autonomous Region, and prototype tests were used for 

all test work. 

 

 

① Reservoir, ② Sand settling mixing pool, ③ Frequency conversion cabinet, ④ Flap filter, ⑤ Water outlet pipe, 

⑥ Sewage outlet pipe, ⑦ Pump, ⑧ Water inlet pipe, ⑨ Flowmeter, ⑩ Manometer 

FIGURE 2. Experimental device diagram. 

 

Test auxiliary facilities 

The auxiliary facilities used in this experiment are shown in Table 1. 

 

TABLE 1. Supporting auxiliary facilities. 

Device Model Quantity Specifications 

Water inlet pipe  1 200 mm 

Water outlet pipe  1 200 mm 

Sewage outlet pipe  1 150 mm 

Three-phase asynchronous motor Y90L-04 1 Rated power 1.5 Kw 

Frequency conversion cabinet DZB300B0015L4A 1  

Flowmeter TDS-100P 1 Accuracy 0.001 m3 s-1 

Pressure Sensor AS-131 4  

Manometer JDC600 3 Accuracy 0.001 MPa 

Butterfly valve  3  
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Test methods and steps 

The test device was installed and debugged 

according to Figure 2, and the orthogonal experimental 

method was used to arrange the experimental groups. In 

this experiment, the influent sediment concentration was 

set to five different values, i.e., 0.122 g L-1, 0.234 g L-1, 

0.278 g L-1, 0.309 g L-1, and 0.336 g L-1, and the influent 

flow rate was set to six values, i.e., 140 m3 h-1, 150 m3 h-1, 

160 m3 h-1, 170 m3 h-1, 180 m3 h-1, and 200 m3 h-1. At the 

beginning of the experiment, artificially mixed river sand 

was added to the mixing tank. At the same time, water 

samples were taken at 8-min intervals from the water 

inlet of the water inlet pipe and the water outlet of the 

water outlet pipe until the end of the working cycle. 

When the plugging pressure difference of the filter 

reached its maximum value, the sewage discharge 

process started. During the first stage of the experiment, 

a sewage sample was taken at the sewage outlet. During 

the first sewage discharge stage, water samples were 

taken at 5-s intervals, and a total of 5 samples were taken. 

During the second sewage discharge stage, water 

samples were taken every 5 s until the end of the second 

stage. A total of 10 water samples could be taken during 

the second sewage discharge stage. Therefore, a total of 

15 water samples could be obtained from both sewage 

discharge stages. Meanwhile, the filter inlet and outlet 

pressures were recorded simultaneously during the 

sewage discharge process. After the filtration and 

drainage tests were completed, the sand content of all 

water samples was measured, and all test work was 

completed. In this experiment, we used Excel 2010 and 

Origin 2018 for drawing and fitting the calculations. Two 

sets of experiments were performed under each working 

condition, and the average value of the two sets of 

experiments was taken as the statistical value under this 

working condition for analysis. 

Gradation of sand particles in the test 

Combining the characteristics of actual 

engineering applications and the analysis of sampling 

results, the filtered impurities from Xinjiang were mostly 

inert sediment impurities with a circular structure. In this 

test, the original riverbed sand from the Manas River 

Basin in Xinjiang, China, was used as the laboratory 

filtering sediment medium. The gradation of the particles 

was determined by sieving. Particles with a size of 

0.1-1.52 mm accounted for 36% of the total sediment, 

and particles with a size of 0.01-0.1 mm accounted for 

58% of the total sediment, which was in line with the 

actual project irrigation water sand particle gradation and 

can represent the characteristics of the actual project 

irrigation water source. 

Theoretical analysis of the drainage performance of 

the filter 

Derivation of sewage discharge time equation 

The sewage discharge time is one of the important 

parameters for evaluating the sewage performance of the 

filter. Determining the sewage time accurately can 

reduce the impact of insufficient sewage time or 

excessive sewage time on the operation of the filter. Both 

stages of the sewage discharge process of the flap filter 

were theoretically analysed. The first sewage discharge 

stage was expressed as Stage 0-t1. In this stage, the 

cleaning of the screen between the water inlet and the flap 

is nearly completed. At this time, [eq. (1)] can be satisfied. 

𝑆1 = 𝑆2                               (1) 

in which: 

S1 - sand content of the water sample at the inlet,  

g L-1, 

S2 - sand content of the water sample at the 

sewage outlet, g L-1. 

 

The second sewage discharge stage was expressed 

as Stage t1-t2, in which the flap was closed;  screen 

cleaning between the flap and the water outlet is largely 

completed in this stage, and all the remaining sediment is 

carried out of the filter. According to the mass 

conservation principle, [eq. (2)] can be satisfied. 

M1 = M2                              (2) 

in which: 

M1 - the total amount of sand discharged from the 

sewage outlet, g, 

M2 - the amount of sand blocked inside the filter, g. 

 

After the sewage discharge process is completed 

at t2, if [eq. (1)] is satisfied, the whole sewage discharge 

process is considered to be complete. 

The curves of sediment concentration and 

discharge time of the sewage outlet were analysed, and 

Origin software was used to fit the experimental results 

of multiple groups in the preliminary experiments. From 

the fitting results, it was found that the distribution curve 

approximated a normal distribution. Combined with the 

initial conditions, the relationship of mathematical 

expressions of the sewage sediment concentration and 

sewage discharge time can be expressed by [eq. (3)]. 

S2=S1 + Aexp⁡(-
(t-μ)2

2σ2
)                   (3) 

in which: 

σ - the standard deviation; 

μ - the expected value; 

A - the flow correction coefficient, 

t - the total sewage discharge time, s. 

 

In [eq. (3)], when S1 = S2, the filter process was 

considered completed, and then the system entered the 

next filtering cycle. 

Derivation of pressure difference variation equation 

According to the mass conservation principle, 

the total amount of sand clogged in the screen during the 

entire filtering process can be calculated using [eq. (4)]. 
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𝑀2 = ∆S𝑄1T                           (4) 

in which: 

ΔS - the difference in the sand content between 

the inlet and outlet, g L-1; 

Q1 - the influent flow rate, m3 h-1, 

T - the filtration time, s. 

 

According to the study on the flow and sand force 

of the pressure irrigation pipe by Zhongchao Liu (Liu, 

1991), the flow and sand force of the pressure irrigation 

pipe can be calculated using [eq. (5)]. 

⁡ 𝑆∗ =
𝜆𝑣2

0.000023𝜔0.25∙8𝑔
                     (5) 

in which: 

S* - the sand flow force of the pressure irrigation 

pipeline, g L-1; 

v - the average flow rate in the pipeline, m s-1; 

g - the acceleration of gravity, m s-2; 

ω - the average sedimentation speed of the 

sediment, mm s-1, 

λ - the resistance coefficient along the pipeline. 

 

The filter was made of steel pipe or cast iron 

material, and the resistance coefficient along the pipeline 

can be calculated using [eq. (6)]. 

λ =
0.02164

𝑑0.1
                             (6) 

in which: 

d - the diameter of the pipe, m. 

 

The discharge process of the flap filter included 

two stages. The first sewage discharge mainly completes 

the cleaning of the screen between the water inlet and the 

flap. In this stage, the pressure change can be expressed 

by [eq. (7)]. 

∆𝑃1 = 𝛽(𝑀2 − 𝑆∗𝑄2𝑇1)                  (7) 

in which: 

ΔP1 - the pressure difference change in the first 

discharge stage, m; 

Q2 - the discharge flow rate, m3 h-1; 

T1 - the discharge time of the first stage, s, 

β - the adjustment coefficient for the pressure 

difference, m kg-1 (in this study, β was set to 0.6). 

 

The secondary drainage mainly completes the 

cleaning of the screen between the flap and the water 

outlet, and all the remaining sediment is carried out of the 

filter. The pressure change can be expressed by [eq. (8)]. 

∆𝑃2 = ⁡ 𝛽((1 − 𝛾)𝑀2 − 𝑆∗𝑄2𝑇2)                 (8) 

in which: 

ΔP2 - the variation of pressure difference in the 

secondary discharge stage, m; 

T2 - the discharge time in the secondary stage, s, 

γ - the percentage of completed sewage. 

(The primary discharge mainly completes the 

transport of sediment. Combined with the 

statistics of the measurement results of the sand 

content of the water sample at the discharge port 

in several groups of pretests, the sand discharge at 

the discharge port of the primary stage is 10% of 

the total amount of sand blocked inside the screen, 

so γ is set to 10% for the flap filter). 

 

After both discharge stages were completed, the 

flap was reopened. When the sum of the pressure 

difference between the two discharge stages is close to 

the total head loss in the filtration process, as shown in 

[eq. (9)], the discharge process can be considered to be 

complete, and the system can enter the next filtering cycle. 

∆P = ∆𝑃1 + ∆𝑃2 = ∆𝐻                   (9) 

in which: 

∆P - the sum of the sewage pressure difference in 

both stages, m, 

∆H - the total head loss, m. 

Derivation of sewage performance equation 

After the sewage is discharged, filter cleanliness 

is another important parameter to evaluate the sewage 

performance of the filter. Cleanliness directly determines 

the operation status of the next working cycle. After 

discharge through the filter screen, cleanliness is defined 

as the ratio of the total amount of discharged sand at the 

sewage outlet to the amount of sand clogged inside the 

filter. The cleanliness of the filter φ can be expressed by 

[eq. (10)]. 

𝜑 =
𝑀1

𝑀2
                               (10) 

(1) Calculation of the amount of sand clogged 

inside the filter screen 

According to the mass conservation principle, the 

amount of sand blocked in the filter was calculated by 

the difference between the total amount of sand at the 

water inlet and the total amount of sand at the water 

outlet, as shown in [eq. (4)]. 

(2) Calculation of the total amount of sediment 

discharged from the sewage outlet 

 

Equation (11) can be obtained by integrating [eq. (3)]. 

M1 = Q2 ∫ s2dt
t

0
                       (11) 

There is no analytical solution to the integral of 

the normal distribution. Qingyi Liu (Liu et al. 2009) gave 

an approximate calculation formula for the integral of the 

normal distribution, as shown in Equation (12). 
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Ft =
exp⁡(a(t-μ))

1+exp⁡(a(t-μ))
, a =

4

√2πσ
              (12) 

 

By combining eqs (3), (11) and (12), the 

mathematical expression for the total amount of sediment 

discharged from the sewage outlet can be obtained, as 

shown in [eq. (13)]. 

⁡ M1 = Q2S1t + Q2√2πσA
exp⁡(a(t-μ))

1+exp⁡(a(t-μ))
, a =

4

√2πσ
 (13) 

 

From eqs (4), (10) and (13), the cleanliness φ can be 

calculated by [eq. (14)]. 

φ =
Q2S1t+Q2√2πσA

exp⁡(a(t−μ))

1+exp⁡(a(t−μ))

∆SQ1T⁡
,⁡ a =

4

√2πσ
    (14) 

 

RESULTS AND DISCUSSION 

A sewage discharge performance test of an 

80-mesh rectangular filter commonly used in field 

microirrigation was performed. Before the formal 

experiment began, multiple groups of preliminary 

experiments were conducted to determine the sewage 

discharge flow rate. In the sewage discharge experiment, 

the flow rate was set to a commonly used value in field 

irrigation projects, i.e., 180 m3 h-1. The sewage discharge 

time of the first stage was 25 s, and the sewage discharge 

time of the second stage was 50 s. Under 6 different 

outlet flow rates, the sand content of the water sample 

was measured at the sewage outlet, and the trends of 

water sample sediment concentrations were obtained, as 

shown in Figure 3. The trends of the filter inlet and outlet 

pressure difference P with time under 6 different flow 

rates were also obtained, as shown in Figure 4. 
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FIGURE 3. Trend of sediment content of sewage outlet over time. 
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FIGURE 4. Trend of inlet and outlet pressure difference over time. 

 

Analysis of experimental results 

(1) Sewage discharge time analysis 

Through orthogonal experimental analysis, when 

the influent flow rate was constant, the sediment 

concentration of the water only exhibited a small effect 

on the discharge time. The influent sediment 

concentration mainly affected the peak content of the 

sediment, and the influent flow rate was the main factor 

affecting the filter discharge time. The curves of the sand 

content at the sewage outlet versus the sewage discharge 

time were analysed at the inlet flow rate in the range of 

140-200 m3 h-1. The analysis results indicated that the 

sand content at the sewage outlet had a certain variation 

pattern with the sewage discharge time. During the first 

sewage discharge stage, the sediment impurities between 

the water inlet and the flap were mostly moved to the 

vicinity of the discharge outlet. Therefore, during the 

first 0-25 s, the filter operated in the first sewage 

discharge stage, and the sand content at the discharge 

outlet was maintained constant, which was basically 

equal to the sand content of the sewage water. After 25 s, 

the filter operated in the second discharge stage. The 

sand content at the sewage outlet quickly increased to the 

peak and then gradually decreased to the sand content of 

sediment water and remained unchanged. 

The results in Figure 3 reveal that when the inlet 

water flow rate was constant, the time to the peak 

sediment concentration at the sewage outlet and the total 

sewage discharge time increased with increasing inlet 

sediment concentrations. However, both time parameters 

were altered by less than 1.5 s. When the amount of sand 

was constant, the time to the peak sand amount at the 

sewage outlet and the total sewage discharge time 

decreased with increasing water flow rates. When the 

inlet water flow was controlled under 160 m3 h-1, the 

time to reach the peak discharge was 40-45 s, and the 

total discharge time was 63-69 s. When the inlet water 

flow rate was controlled to be greater than 160 m3 h-1, the 

discharge reached the peak value at 30-40 s, and the total 

sewage discharge time was 48-53 s. The experimental 

results under various flow conditions were fitted using 

Origin software, and then the experimental data were 

compared with the fitted results. The comparison results 

are shown in Table 2. 
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TABLE 2. Fitting calculation table of sewage discharge time. 

S1 (g L-1) Q1 (m
3 h-1) t1 (s) t2 (s) Error(s) Error percentages Fit degree 

0.122 

140 65.56 65 0.56 0.85% 

0.96 

150 61.28 62 -0.72 -1.17% 

160 57.63 60 -2.37 -4.11% 

170 52.32 50 2.32 4.43% 

180 43.91 45 -1.09 -2.48% 

200 36.18 39 -2.82 -7.79% 

0.234 

140 66.21 66 0.21 0.32% 

0.97 

150 67.85 64 3.85 5.67% 

160 58.39 61 -2.61 -4.47% 

170 49.26 51 -1.74 -3.53% 

180 42.68 46 -3.32 -7.78% 

200 38.96 42 -3.04 -7.80% 

0.278 

140 65.31 67 -1.69 -2.59% 

0.97 

150 62.59 65 -2.41 -3.85% 

160 60.52 63 -2.48 -4.10% 

170 47.79 52 -4.21 -8.81% 

180 44.91 49 -4.09 -9.11% 

200 39.31 43 -3.69 -9.39% 

0.309 

140 68.91 68 0.91 1.32% 

0.97 

150 69.3 67 2.30 3.32% 

160 65.88 65 0.88 1.34% 

170 52.96 54 -1.04 -1.96% 

180 48.64 51 -2.36 -4.85% 

200 42.64 44 -1.36 -3.19% 

0.336 

140 66.58 68 -1.42 -2.13% 

0.98 

150 65 68 -3.00 -4.62% 

160 60.44 66 -5.56 -9.20% 

170 57.55 60 -2.45 -4.26% 

180 54.52 58 -3.48 -6.38% 

200 47.35 49 -1.65 -3.48% 

 

Table 2 shows that under each flow condition, the 

maximum error between the fitted result t1 and the 

experimental result t2 is 3.85 s, the error percentages are 

less than 10%, and the fit degree can reach higher than 

96%. Combining experimental data and engineering 

situations, when the inflow water flow rate is lower than 

160 m3 h-1, the total discharge time from both the 

calculation and the experimental results is in the range of 

60-70 s. Thus, when the inflow water flow is lower than 

160 m3 h-1, the discharge time should be set to 70 s. 

When the inflow water flow rate is higher than 160 m3 

h-1, the total discharge time from both the calculation and 

the experimental results is in the range of 40-50 s. 

Therefore, when the inflow water flow rate is higher than 

160 m3 h-1, the sewage time should be set to 50 s. At 

these settings, both the problems, i.e., excessive water 

consumption due to excessive sewage discharge time and 

substandard cleaning effect due to insufficient sewage 

discharge time, can be avoided. 

(2) Analysis of sewage pressure difference 

Based on the orthogonal test analysis, the discharge 

pressure difference exhibited a consistent variation 

pattern with the discharge time under all flow conditions. 

When the discharge flow rate was controlled to be 

constant, during the first discharge process, the initial 

pressure difference was equal to the peak water head loss 

during the filter process, which indicated that at a higher 

filtration flow rate, the initial pressure difference was 

greater and the first discharge was completed earlier. 

When the inlet flow rate was less than 160 m3 h-1, it took 

17-24 s for the first-stage discharge pressure difference 

to reach a stable value. When the inlet flow rate was 

greater than 160 m3 h-1, it took 12-24 s for the first-stage 

discharge pressure to reach a stable value. In the second 

discharge stage, when the flap was completely closed, 

the pressure difference reached its peak again and 

entered the second discharge. From the analysis in Figure 

4, it can be found that as the filtration flow rate increased, 

the peak sediment content at the sewage outlet increased, 
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and the time to reach the peak decreased. When the inlet 

water flow rate was lower than 160 m3 h-1, it took 14-25 

s for the second-stage discharge pressure difference to 

reach a stable value. When the inlet water flow rate was 

higher than 160 m3 h-1, the required time for the 

second-stage pressure difference to reach stability was 

12-19 s. The test results under working conditions with 

flow rates of 170 m3 h-1, 180 m3 h-1 and 200 m3 h-1 and 

different inflow sand contents were fitted, and then the 

fitted results were compared with the test results. The 

comparison of the calculation results and test results for 

the discharge pressure difference and the discharge time 

at flow rates of 170 m3 h-1, 180 m3 h-1 and 200 m3 h-1 are 

shown in Table 3, Table 4 and Table 5, respectively. 

 

TABLE 3. Comparison of the calculation results and test results for the discharge pressure difference and the discharge 

time at flow rates of 170 m3 h-1. 

S1  

(g L-1) 

T 

(s) 

ΔH 

(m) 

T1 

(s) 

ΔP1 

(m) 

T2 

(s) 

ΔP2 

(m) 

ΔP 

(m) 
Error percentages Fit degree 

0.122 2930 26.11 11 12.07 12 17.79 29.86 9.21% 

96.25% 
0.234 1890 26.43 14 11.3 14 16.75 28.05 5.76% 

0.278 1678 26.81 16 11.81 15 17.63 29.44 8.93% 

0.309 1501 27.02 16 11.73 15 17.51 29.24 7.62% 

 

TABLE 4. Comparison of the calculation results and test results for the discharge pressure difference and the discharge 

time at flow rates of 180 m3 h-1. 

S1  

(g L-1) 

T 

(s) 

ΔH 

(m) 

T1 

(s) 

ΔP1 

(m) 

T2 

(s) 

ΔP2 

(m) 

ΔP 

(m) 
Error percentages Fit degree 

0.122 2712 28.43 10 11.89 12 17.40 29.29 3.02% 

98.67% 
0.234 1912 28.96 15 12.10 14 18.08 30.18 4.21% 

0.278 1622 29.00 16 12.12 15 18.09 30.21 4.17% 

0.309 1460 29.08 16 12.13 17 17.81 29.94 2.96% 

 

TABLE 5. Comparison of the calculation results and test results for the discharge pressure difference and the discharge 

time at flow rates of 200 m3 h-1. 

S1  

(g L-1) 

T 

(s) 

ΔH 

(m) 

T1 

(s) 

ΔP1 

(m) 

T2 

(s) 

ΔP2 

(m) 

ΔP 

(m) 
Error percentages Fit degree 

0.122 2641 30.32 12 12.77 12 18.97 31.74 4.68% 

97.41% 
0.234 1803 30.46 16 12.66 15 18.90 31.56 3.61% 

0.278 1520 30.78 16 12.68 17 18.64 31.32 1.75% 

0.309 1375 31.08 17 12.67 19 18.46 31.13 0.16% 

 

At an inlet flow rate of 170 m3 h-1, the 

experimental results were compared with the fitted 

results. The discrepancy in the change in the total 

pressure difference between the experimental results and 

the calculated results was less than 3 m, and the 

discrepancy in the pressure difference was less than 10%. 

The fit degree of the formula was up to above 96%. At an 

inlet flow of 180 m3 h-1, the error of the total pressure 

difference change between the experimental results and 

the calculated results was less than 1.2 m, and the error 

in the pressure difference was less than 5%. Thus, the 

formula had a fit degree of higher than 98%. At a water 

flow rate of 200 m3 h-1, the error in the total pressure 

difference between the experimental results and the 

calculated results was less than 1.5 m, and the error in 

the pressure difference was less than 5%. The fit degree 

of the formula could reach above 97%. In a practical 

irrigation system, the working flow rate of the flap-type 

mesh filter was in the range of 180-220 m3 h-1. Based on 

the experimental results and calculation results, when the 

field flow rate of the flap-type mesh filter was between 

180 m3 h-1 and 200 m3 h-1, the first discharge of the flap 

filter lasted for 20 s, the second discharge lasted for 20 s, 

and the total discharge time was 40 s. In addition, in the 

second discharge stage, it took time for the solenoid 

valve to turn the flap off. According to the experimental 

measurement, at a flow rate of 180 m3 h-1, it took 8-10 s 

to completely close the flap. Therefore, the total sewage 

discharge time should be set to 50 s. The sewage 

discharge time of the flap filter can be accurately 

determined under actual working conditions, which can 

ensure the best sewage discharge effect. 

(3) Sewage discharge effect analysis 

Based on orthogonal experimental analysis, the 

filter drainage cleanliness was mainly affected by the 
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inlet water flow rate of the filter. When the flow rate of 

the sewage discharge was 180 m3 h-1, the amount of 

clogged sand inside the filter and the total amount of 

sand discharged from the sewage outlet were measured 

under different inlet water flow rates in the range of 

150-200 m3 h-1. The results are shown in Table 6. 

 

TABLE 6. Summary of calculation results for sewage cleanliness. 

Q1(m
3 h-1) 150 160 170 180 200 

S1(g L-1) 
M2 M1 

𝜑 
M2 M1 

𝜑 
M2 M1 

𝜑 
M2 M1 

𝜑 
M2 M1 

𝜑 
(kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) 

0.122 2.72 2.39 0.88 2.35 2.21 0.94 2.04 2.02 0.99 2 1.96 0.98 1.56 1.52 0.97 

0.234 3.66 3.53 0.96 2.94 2.78 0.95 2.61 2.43 0.93 2.03 1.99 0.98 1.78 1.65 0.93 

0.278 4.74 4.04 0.85 3.93 3.91 0.99 3.06 2.76 0.90 2.78 2.71 0.97 2.42 2.35 0.97 

0.309 4.44 4.39 0.99 4.33 4.24 0.98 3.49 3.23 0.93 2.99 2.94 0.98 2.57 2.35 0.91 

0.336 6.86 4.63 0.67 6.77 4.27 0.63 4.51 4.13 0.92 4.62 4.55 0.98 3.77 3.55 0.94 

 

Table 6 shows that when the sediment content is 

constant, the cleanliness of the sewage discharge is 

linearly dependent on the inflow water flow. When the 

inlet water flow rate was lower than 160 m3 h-1, the 

cleanliness of the sewage was below 90%. At smaller 

flow rates, the cleanliness was worse. When the inlet 

water flow rate was higher than 160 m3 h-1, the 

cleanliness of the sewage was a constant value greater 

than 90%. Thus, as the inlet water flow rate increased, 

the sewage cleanliness φ increased accordingly. At a 

constant inlet water flow rate, when the sand content 

varied, the change in the cleanliness of the sewage was 

small. Thus, the effect of the sand content on the 

cleanliness was insignificant. At the same time, it was 

found that when the flow rate was 180 m3 h-1, the 

cleanliness was basically stable above 97%; that is, when 

the flow rate was high, the influent water flow rate was 

the main factor influencing the cleanliness, and the sand 

content had much less influence on cleanliness than 

water flow. Therefore, to ensure a high degree of filter 

cleanliness, it is recommended to run the filter at an 

appropriately increased flow rate, which can ensure good 

operating conditions in the next filtration cycle. 

(4) Energy consumption analysis 

The new flap-type mesh filter mainly utilizes the 

pressure difference between the inside and outside of the 

filter to complete the drainage work. In the sewage 

discharge process, there is no need to drive an additional 

motor to clean and discharge the sewage, which avoids 

power losses during the sewage discharge process. The 

sewage discharge process was studied under two 

conditions, i.e., a long time with a low flow rate and a 

short time with a high flow rate. The flow-time method 

was used to calculate the water consumption in the 

sewage discharge process. By analysing the experimental 

group with the maximum sand content in Table 2, the 

water consumption value during sewage discharge was 

calculated to be 2.64 m3, 2.76 m3, 2.89 m3, 2.55 m3, 2.55 

m3, and 2.44 m3 at each flow rate. At all flow rates, the 

water consumption values were less than 3.0 m3, which 

meets the requirements for water conservation in 

irrigation projects. Therefore, it is reasonable to set the 

sewage discharge flow rate to 180 m3 h-1. 

Investigating the drainage time and drainage 

effect of the mesh filter can guide the determination of 

the optimal drainage time of the mesh filter. In this study, 

it was revealed that the factors affecting the sewage 

discharge process of the flap filter included the influent 

flow rate and the influent sand content, and the influent 

flow rate was the main influencing factor. The sewage 

discharge stage mainly completed the discharge of the 

clogged impurities inside the filter. Under the same flow 

conditions, the flap filter reached the same peak water 

head loss (Shi et al. 2020；Liu et al. 2019 ；Zong et al. 

2015；Puig-Bargués et al. 2005；Yurdem et al. 2010). The 

total amount of impurities blocked inside the filter is the 

total amount of impurities flowing into the filter screen 

under the working conditions of flow rate Q and sand 

content S at time t. Under different flow rates and inlet 

water sand contents, the total amount of internal clogging 

debris mass was basically the same. Combined with the 

analysis of the principle of mass conservation, when 

discharging, the total amount of impurities discharged 

inside the filter was proportional to the discharge water 

flow, the amount of sand in the water and the discharge 

time, and the influence of the water flow on the total 

amount of impurities inside the filter was much greater 

than the amount of sand in the water. Therefore, the 

influence of the influent flow rate on the discharge 

process was greater than the influence of the influent 

sand content. This result was consistent with the research 

results of the relevant experts in the study of mesh filters 

(Zong et al. 2019；Song, 2017；Li et al. 2014). 

Combining the analysis of the principle of mass 

conservation and the principle of sediment carrying in 

water flow, under the same working conditions, the 

larger the influent flow is, the stronger the sediment 

carrying capacity, the shorter the sewage discharge time, 

and the better the filter cleaning effect. This study 

suggested a high influent flow rate for a given discharge. 

Through the experiments, when the influent flow rate 

was 180 m3 h-1, the sewage discharge time was 

determined to be 50 s, which can achieve a good sewage 
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discharge effect without affecting the next filtration cycle. 

This result was consistent with the study results of other 

related experts on the discharge time of the filter (Li et al. 

2019；Song, 2017；Li et al. 2014). Discharge water 

consumption is one of the important indicators used to 

analyse the performance of sewage discharge. Under the 

same sand content in inlet water, when the total 

discharge time is set to the point of constant sand content 

and constant discharge pressure difference at the 

discharge port, the discharge water consumption is 

basically the same regardless of whether using a low 

flow rate for a long time or a high flow rate for a short 

time. Mesh filter preblocking is mainly employed to 

complete the clogging of the filter mesh. After clogging 

the filter mesh, the surface of the filter will be blocked to 

accumulate a filter cake layer. If the drainage flow rate is 

small and the sand carrying capacity is poor, the mesh 

filter with the direct flushing principle can only prolong 

the discharge time and cannot achieve the cleaning effect; 

instead, the water consumption in the discharge process 

is increased. The high inlet flow rate had a large 

sand-carrying capacity and could complete the cleaning 

process in a short time. The flap filter adopts the 

principle of segmented direct flushing to discharge 

sewage. When sewage is discharged under more suitable 

working conditions, the two sewage discharge stages can 

quickly and effectively clean the entire filter surface to 

ensure normal filtration in the next cycle. Meanwhile, 

combining theoretical analysis and experimental analysis, 

the best effect can be achieved by using a high inlet flow 

rate for a short time, which can meet the smaller water 

consumption and shorter drainage time requirements at 

the same time. Therefore, it is suggested that the relevant 

conclusions can be applied to guide the use of the same 

type of mesh filter in actual projects. 

 

CONCLUSIONS 

(1) In the sewage discharge process, the inlet sand 

content had a much lower impact on the sewage 

discharge process than the inlet water flow rate. As the 

inlet water flow rate increased, the sewage discharge 

time was reduced, the required time for the pressure 

difference to reach a stable value was reduced in both the 

first discharge stage and the second discharge stage, and 

the cleanliness of the sewage was improved. When the 

flow rate was lower than 160 m3 h-1, the sewage 

discharge time was in the range of 63-69 s, and the time 

for the pressure difference to reach a stable value was 

17-24 s and 12-20 s for the first discharge stage and the 

second discharge stage, respectively. When the flow rate 

was greater than 160 m3 h-1, the sewage discharge time 

was 48-53 s, and the time required for the pressure 

difference to reach a stable value was 14-25 s and 12-19 

s for the first sewage discharge stage and the second 

discharge stage, respectively. The sewage cleanliness φ 

was greater than 90%. 

(2) Combining the mass conservation law and the 

sewage discharge experimental results, mathematical 

expressions of the sewage discharge time, the pressure 

difference of the sewage discharge, and the cleanliness of 

the sewage were developed. The equations were verified 

by comparing the experimental data of the sewage 

discharge process with the fitted results by the formula. 

From the comparison, the fitted calculation results were 

consistent with the experimental results. To ensure that 

the filter can meet the requirements of smaller sewage 

consumption and a higher sewage effect, it is 

recommended to control the discharge flow rate at 180 

m3 h-1 and set the sewage discharge time to 50 s, under 

which conditions a 98% cleanliness can be achieved. 
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