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A B S T R A C T
The aim of this study was to develop a filtration system with high-frequency flow reversal 
and minimum requirement of water for cleaning routines. The system was developed in 
the period from 2011 to 2013 and consists of three screen filters and eleven solenoid valves 
electronically controlled by a controller that operates based on head loss measurements. The 
following evaluations were carried out: head loss curve as a function of flow rate; filtrating 
efficiency as a function of solids concentration, frequency of flow reversal and increment 
in head loss. The experimental design was completely randomized in a factorial scheme 
with three replicates and two treatment levels for each factor. The filtration efficiency was 
equal to 98.6% for particles larger than 50 µm. The minimum volume of water for each 
cleaning of the filters was 5.39 L. The head loss increment in the filtration system with flow 
reversal at frequencies of 11.11 and 22.22 mHz was smaller compared with the filtration 
system without flow reversal. The developed filtration system has potential for filtering 
low-quality irrigation water, but requires periodic maintenance to clean the filter element.

Desenvolvimento de um sistema de filtragem
com reversão de fluxo de alta frequência
R E S U M O
Este trabalho objetivou desenvolver um sistema de filtragem com inversão automática de 
fluxo de alta frequência e consumo mínimo de água de limpeza. O sistema foi desenvolvido 
no período de 2011 a 2013 e é composto de três filtros de tela e onze válvulas solenoides, 
acionadas eletronicamente por controlador baseado na perda de carga. Avaliou-se a curva 
de perda de carga em função da vazão e a eficiência de filtragem em função da concentração 
de sólidos, frequência de inversão de fluxo e incremento da perda de carga. O delineamento 
experimental foi inteiramente aleatorizado em esquema fatorial com três repetições e dois 
níveis de tratamento para cada fator. A eficiência de filtragem para sólidos maiores que 50 
µm foi de 98,6%. O volume mínimo de água para cada limpeza dos filtros foi de 5,39 L. A 
inversão de fluxo com frequências de 11,11 e 22,22 mHz reduziu a taxa de crescimento da 
perda de carga comparado ao sistema funcionando sem inversão de fluxo. O sistema de 
filtragem apresentou potencial para filtragem da água de baixa qualidade para irrigação 
porém necessita de manutenções periódicas para limpeza do elemento filtrante.
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Introduction

Emitter clogging may compromise the application 
uniformity of micro-irrigation systems due to the uneven 
reduction in the flow rate of the emitters; in addition, a 
reduction in the applied water depth may occur (Batista et 
al., 2010; Ribeiro et al., 2008). Increase in emitter clogging of 
approximately 1 to 5% may result in great loss of application 
uniformity (Nakayama & Books, 1981). According to Frizzone 
et al. (2012), the total clogging of 5 to 10% of the emitters 
promotes coefficients of variation in the flow rate from 23 to 
33%. Additionally, according to Camargo et al. (2013), the 
effect of emitter clogging on the hydraulic variables of the 
lateral line depends on the location of the clogged emitters.

Although the causing agents of emitter clogging have 
different natures, i.e., physical, chemical or biological, Adin 
& Alon (1986) observed that most of the causes of clogging 
are due to the presence of materials in suspension, showing 
the importance of a filtration system for micro-irrigation. It 
should be pointed out that the prevention of emitter clogging 
should not be based only on agents of physical nature, but 
also on the other agents, in combination, because in many 
cases they occur simultaneously (Lemos Filho et al., 2011; 
Pinto et al., 2011). 

Thus, various studies have shown that filtration systems 
can be more or less efficient due to the different natures of 
the causing agents of clogging. According to Testezlaf (2008), 
sand filters are recommended for the removal of organic 
contaminants and algae, while screen or disc filters should 
be used to retain solid particles of physical nature, which is 
the reason why they are commonly used after the sand filter, 
in order to retain particles from fertilizer injection systems 
(Frizzone et al., 2012).

Many studies have confirmed that screen or disc filters are 
efficient at retaining small-diameter solid particles; however, 
when subjected to water of low quality, with large amount of 
impurities, such as algae and organic matter, they are very 
susceptible to clogging and require frequent cleanings (Adin 
& Elimelech, 1989; Tajrishy et al., 1994; Puig-Bargués et al., 
2005; Duran-Ros et al. 2009a). All of these authors evaluated 
the screen filter subjected to wastewater and observed that its 
clogging occurred rapidly, and Tajrishy et al. (1994) reported 
the necessity of daily cleanings considering a head loss limit 
of 55 kPa. Puig-Bargués et al. (2005) and Duran-Ros et al. 
(2009a) observed that, when screen or disc filters are clogged, 
particles may detach due to the increase in pressure, reducing 
the efficiency or even increasing the concentration of solids 
in suspension. However, the results found by these authors 
were obtained with filters working in the traditional way, i.e., 
without flow reversal. According to Testezlaf & Ramos (1995), 
screen filters must be cleaned immediately after use, in order 
to prevent particles from becoming strongly aggregated, which 
makes their removal difficult. High-frequency flow reversal 
may promote the removal of these particles.

Given the above, this study aimed to develop an automatic 
filtration system with high-frequency flow reversal, high 
efficiency and low water requirement for cleaning.

Material and Methods

Description and characterization of the filtration system
The filtration system was developed from 2011 to 2013 

and consists of three filters (model: Amiad 1” Super with filter 
element of 130-μm screen and nominal flow rate of 7 m3 h-1) 
and eleven electronically controlled solenoid valves (model: 
Bermad 220-M DN-25, with flow rate of 5.5 m3 h-1 for a head 
loss of 30 kPa).

The prototype assembly scheme is shown in Figure 1A, 
where the components F1, F2 and F3 represent filters, V1 to 
V8 the flow-direction control valves and VL1, VL2 and VL3 
represent valves for the cleaning of the filters.

The components were interconnected using fittings and 
pipes. The configuration, composed of three filters, aimed to 
condition the flow reversal in the filters with the system in 
operation, by activating the sequence of valves as shown in Table 
1. Each sequence of opening of the valves promotes a pathway for 
the water in the filtration system, as described by Pinto (2013).

The head loss curve as a function of flow rate was 
determined and the tests were performed using clean water 
for the three operation conditions of the system (F1, F2 and 

F1, F2 and F3 - Filters; V1 to V8 - Flow control valves; VL1, VL2 and VL3 - Filter cleaning valves

Table 1. Sequence of opening of the valves as a function 
of the filter in reversal and/or under cleaning

Figure 1.  Assembly scheme of the filtration system (A) and 
the prototype (B)

F1, F2 and F3 - Filters; V1 to V8 - Flow control valves; and VL1, VL2 and VL3 - Filter cleaning valves
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F3 in reversal, individually). Eleven flow rate points were 
tested, varying from 0.5 to 5.5 m3 h-1 with increments of 0.5 
m3 h-1. This number of points is higher than the seven points 
recommended by the norm ASAE S 539 (ASABE, 2008). Head 
loss was determined using a differential mercury manometer 
installed between the inlet and the outlet of the filtration 
system. Flow rate was determined using an electromagnetic 
meter installed before the filtration system and controlled using 
a valve installed after the meter. The pressure in the inlet of the 
system was maintained at 196.2 kPa and the head loss curve as 
a function of the flow rate was adjusted to a potential model.

Minimization of cleaning water volume 
The water volume required for the cleaning of each filter 

depends on the water pressure inside the filter and on the time 
of opening of its cleaning valve. In order to minimize this water 
volume, different combinations of opening times of cleaning 
valves were analysed, according to Table 2. The opening time 
of each valve ranged from 0.25 to 2.0 s and the opening was 
performed using electrical pulses. Three consecutive electrical 
pulses, spaced by 1 s, were adopted; therefore, the total opening 
time of the valve in each filter cleaning ranged from 1 to 3 s. 

Cleanings were performed when the head loss increment 
reached 50%. For each combination of time, the cleaning water 
was collected for volume determination. Time combinations 
that were not tested were due to ineffective cleaning.

larger than 50 μm was determined, i.e., referring to particles 
injected into the pipes (Eq. 2). For each treatment level, samples 
of the water used in the tests and cleaning water were collected 
and the total mass of solids used in the tests was obtained by 
drying the samples in an oven.

The filtered volume was measured using a water meter 
with flow rate range from 0 to 2.5 m3 h-1 and the volume of 
cleaning water was determined through weighing, as in the 
tests of minimum volume. 

Table 2. Combinations of pulse times to open the cleaning 
valves of the filters F1, F2 and F3, used in the tests of the 
system

 Test performed; — Test not performed

Evaluation of the filtration system’s retention efficiency
Filtration efficiency was measured in tests performed in 

completely randomized design, in 2 x 2 x 2 factorial scheme, 
with three replicates. The following factors were considered: 
concentration of solids larger than 50 µm (500 and 1000 mg L-1); 
flow reversal frequency (11.11 and 22.22 mHz) and head loss 
increment for filter cleaning (25 and 50%).

The composition of the concentration of solids was 
obtained through the injection of solids directly into the inlet 
pipe of the filtration system, using the arrangement of valves 
installed in the piping, as shown in Figure 2. Particle injection 
rates were 33.3 and 16.7 g min-1 for the concentrations of 1000 
and 500 mg L-1, respectively, since the flow rate of the filtration 
system was 2 m3 h-1.

Retention efficiency was obtained based on the total mass 
of solids in the inlet and the total mass of solids retained by the 
filters (Eq. 1). In addition, the efficiency of retention of solids 

Figure 2.  Scheme of the solids injection system
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where:
Er 	 - filtration efficiency, %;
Ed>50 	- filtration efficiency for solids with diameter larger 

than 50 μm, %;
mr 	 - mass of solids with diameter larger than 50 μm, 

retained by the filters, g;
mt 	 - mass of solids injected into the filters, g;
Cl 	 - concentration of solids with diameter smaller than 

50 μm, present in the cleaning water, g L-1;
Ce 	 - concentration of solids with diameter larger than 

50 μm injected in the inlet of the system, g L-1;
V 	 - filtered volume, L; and,
Vl 	 - volume of cleaning water, L.

For the separation of particles with diameters larger and 
smaller than 50 μm, a sieve (ABNT n° 270, 53 μm) was connected 
to the inlet of the container for the collection of cleaning water, 
where the solids of the sand fraction were retained.

Results and Discussion

Curve of flow rate x head loss in clean water
The characteristic head loss curve as a function of the inlet 

flow rate of the filtration system, with screen filter, for the three 
operating conditions, i.e., with one of the filters in reversal, 
is shown in Figure 3. The curve showed a potential behavior, 
as suggested by Testezlaf & Ramos (1995) and Oliveira et al. 
(2007). Even considering the three flow directions, the potential 
model adjusted well to the data and showed a coefficient of 
determination of 0.9986.

(1)

(2)
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For the flow rate of 5 m3 h-1, the head loss in the filtration 
system was approximately 196.2 kPa and, for the three filters 
in series, it would be approximately 60 kPa, because the value 
for each filter was 20 kPa, evidencing that other components of 
the system contributed to the head loss, especially the control 
valves. Each valve showed head loss of 24 kPa, in a total of 96 
kPa for the four valves, which represents 48.9% of the total 
head loss.

In order to decrease the head loss in the system, it would be 
interesting to reduce the number of fittings that cause abrupt 
changes in water flow, especially by using direct-acting valves, 
but they have a relatively high cost compared with indirect-
acting hydraulic valves. In addition, the electrical power 
required for activation would be much higher.

Minimization of cleaning water volume 
The results of cleaning water volume as a function of valve 

opening time are shown in Table 3. The lowest water volume 
for filter cleaning was 5.35 L (5.34 = 2.2(F1) + 1.69(F2) + 
1.46(F3)) resulting from the following combination: pulse1 
= 250 ms, pulse2 = 1500 ms and pulse3 = 250 ms, for F1; 
pulse1 = 250 ms, pulse2 = 1000 ms and pulse3 = 250 ms, for 
F2; and pulse1 = 500 ms, pulse2 = 1000 ms and pulse3 = 500 
ms, for F3. The other combinations of number of pulses and 
valve opening time showed higher water volumes and caused 
problems in the closure of cleaning valves, due to the presence 
of solid particles. The particles retained in the cleaning valve 
were probably eliminated in the last pulse. Therefore, cleaning 

the filters with three valve opening pulses was the most viable 
alternative.

When cleaning was performed using two pulses, only the 
filters F1 and F2 did not have leakage in the cleaning valves. 
However, the water volume was higher compared with the use 
of three pulses, even for the situation in which the total valve 
opening time was the same. This occurs because the times of 
pulses 1 and 3 are lower than the total time of opening of the 
valve (0.75 s), i.e., the valve is partially open, making the flow 
rate lower than the maximum flow rate of the valve, which 
occurs after complete opening. Thus, opening times longer than 
that for complete opening result in maximum flow rate of the 
valve and, consequently, in higher volume of cleaning water.

Retention efficiency and volume of cleaning water per 
volume of filtered water

Considering the efficiency of retention of total solids, 
only the factor concentration showed significant difference at 
0.01 and 0.05 probability levels, and no interaction between 
the factors was significant (Table 4). Thus, the effect of the 
concentration of solids can be analysed collectively, with Er 
values of 71.7 and 78.3% for the concentrations of 500 and 
1000 mg L-1, respectively (Table 5).

The treatment with highest concentration showed the 
highest efficiency of retention of solids, which can be related 
to the particle-size distribution, i.e., the frequency with 
which certain particle size is associated. The frequencies 
associated with the diameter of 50 μm were 55.6 and 77.8%, 
for the treatments with 500 and 1000 mg L-1, respectively, 
and these results corroborate those reported by Hatukai et 
al. (1997) and Puig-Bargués et al. (2005), who claimed that 

Adjust: adjusted curve; F1, F2 and F3: filter 1, 2 and 3 in reversal, respectively

Figure 3.  Characteristic curve of head loss as a function 
of the inlet flow rate of the filtration system 

C - Concentration of solids larger than 50 µm (500 and 1000 mg L-1); F - Frequency of flow reversal (11.11 and 22.22 mHz); H - Head loss increment for the cleaning of the filters (25 and 
50%); DF - Degrees of freedom; SS - Sum of squares; MS - Mean square

Table 4. Result of the analysis of variance for the efficiency of retention of solids by the system

*Leakage in the cleaning valve; — Test not performed; **Minimum volume of cleaning water

Table 3. Volume of cleaning water for different combinations 
of valve opening time for the filters F1, F2 and F3
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the determination of particle-size distribution helps in the 
understanding of particle retention efficiency and can detect 
problems that would not be evidenced by other means. In the 
study developed by Puig-Bargués et al. (2005), the analysis of 
particle distribution before and after the filtration identified 
the occurrence of aggregation of solid particles after the filter. 
These authors expressed the retention efficiency as a function of 
filter diameter and observed efficiency values ranging from 30 
to 100%, which were dependent on the distribution of particles 
and the origin of the water.

In the present study, however, considering the retention 
efficiency for solids with diameter larger than 50 μm, no 
interaction with significant difference at 0.01 and 0.05 
probability levels was observed (Table 4), with Ed > 50 of 
98.6 ± 0.3%. The significance level of the factor concentration 
was 94.39% for total solids, while for the filtration efficiency 
(Er) using solids with diameter larger than 50 μm, the factor 
concentration was equal to 0.146%, proving that the increase 
in Er with the concentration of solids was influenced by the 
concentration of solids with diameter smaller than 50 μm.

The mean volume of water used for the cleanings in each 
performance test was 5.39 L per cleaning, which represented 
a cleaning water volume per filtered water volume of 8.0 and 
12.6 L m-3, for the concentrations of 500 and 1000 mg L-1, 
respectively. This occurred because, for the water with lower 
concentration of solids (500 mg L-1), the evolution of head 
loss is slower and, in contrast, the number of backwashes per 
volume of filtered water is lower. According to Ribeiro et al. 
(2005), the variations in the quality of irrigation water influence 
the evolution of head loss in filtration systems, thus interfering 
with the intervals of backwashes, depending on the type of filter 
element. However, although the lowest concentration of solids 
in suspension (500 mg L-1) is half of the highest concentration 
(1000 mg L-1), the mean water volume per cleaning did not 
follow the same proportion and represented 63.5% of the water 
volume for the highest concentration. According to Zeier & 
Hills (1987), for lower concentrations, the amount of sand 
necessary to cause an increase in head loss is lower than that 
of the filtered volume and does not follow a linear relationship 
with the concentration. However, these authors emphasize 
that the volume of water per cleaning is, on average, the same.

Even for the use of water with high concentration of solids 
in suspension, the volumes of water required for filter cleaning 
can be considered as low, based on the limit of 10% of the 
filtered volume recommended by Tajrishy et al. (1994). These 
authors found backwash volume of 3% for sand filters with 

wastewater at concentration of 25 mg L-1, i.e., a concentration 
of solids 20 to 40 times less than that of the water used in the 
present study. Duran et al. (2009a,b) reported cleaning volumes 
of 27.7 and 3 L m-3, respectively, but for the concentration 
of solids in suspension of 10 mg L-1 from wastewater, i.e., a 
concentration of solids 100 times lower than that tested in 
the present study.

 According to Qingsong et al. (2008), the amount of solids 
suspended in the irrigation water may reach concentrations 
higher than 1000 mg L-1, a value adopted as one of the 
treatment levels of the factor concentration in the evaluation 
of performance of the proposed system.

Efficiency of backwash and flow reversal in filter cleaning 
(recovery of initial head loss)

The profile of head loss as a function of filtration time, 
with the system operating in flow reversal (reversal time of 15 
s) for the critical head loss variation of 35% and water with 
concentration of solids of 1000 mg L-1, is shown in Figure 4A.

According to Frizzone et al. (2012), an ideal filter is that in 
which the initial head loss is recovered after one backwash; in 
addition, it can be classified as effective or ineffective, based 
on the recovery of head loss (Duran-Ros et al., 2009b), which 
can be noticed in Figure 4A, through both the time between 
backwashes and the head loss after one backwash.

It is evident that time between backwashes decreases along 
the test, which indicates that the cleanings were not totally 

Table 5. Filtration efficiency considering total solids and 
solids with diameter larger than 50 μm

CLN - Cleaning; hfMIN - Minimum head loss after one backwash

Figure 4.  Profile of head loss increment as a function of 
the number of backwashes of the filtration system: (A) with 
flow reversal; (B) without flow reversal

B.

A.
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effective. Additionally, for the system operating with flow 
reversal (Figure 4A), immediately after the first backwash, 
the head loss did not return to its initial value and tended to 
increase for the subsequent backwashes, as can be seen through 
the dashed line.

If this tendency continued, in 2.6 h the increment in 
head loss right after one cleaning would be equal to 35%, i.e., 
cleanings had no effect on the head loss of the filters (saturation 
of the control).

Although the head loss returned to its initial value until 
the fourth cleaning, for the system operating without flow 
reversal, the head loss increment rate was superior (Figure 
4B) and, if this rate continued, the saturation of the system 
would occur in 1.4 h, a time shorter than that of the system 
with flow reversal. Furthermore, the numbers of backwashes 
per time of test were 9 and 17 h-1, for the filtration system 
with and without flow reversal, respectively. Therefore, it is 
supposed that flow reversal contributed to the removal of part 
of the particles retained on the screen, because the number of 
backwashes decreased.

The ineffectiveness of the cleanings in the recovery of the initial 
head loss is possibly associated with the solid particles retained on 
the filter screen, and its magnitude depends on particle diameter; 
smaller particles clog screen pores more easily in comparison to 
larger particles (Zeier & Hills, 1987). Testezlaf & Ramos (1995) 
comment that screen filters must be cleaned immediately after use, 
in order to prevent particles from becoming strongly aggregated, 
which compromises their removal.

When the screens were mechanically cleaned using a 
brush, the head loss returned to its initial value, indicating 
that the automatic cleanings were not effective at removing 
the particles retained on the screen. Thus, the proposed system 
will work with restrictions, requiring maintenance when the 
control system saturates. It should be pointed out that, when 
the concentration of total solids in the water is high, as in the 
analysed case, maintenance must be more frequent, which can 
make its use unviable.

Conclusions

1. The filtration system showed good efficiency at the 
retention of particles.

2. High-frequency flow reversal reduced the head loss 
evolution rate of the filtration system.

3. The logic of cleaning the filters using pulses promoted 
minimum volume of cleaning water.

4. The developed filtration system has potential for 
filtering low-quality irrigation water, but requires periodic 
maintenance, with manual cleaning of the filter element.
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