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Development of a Low Cost Low Head Filter for Gravity Fed Drip Irrigation
in Hilly Areas
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A low cost low head filter was developed for gravity fed drip irrigation in hilly and plateau areas. The filter developed mostly out of PVC
materials was four times cheaper than the available standard commercial screen filters. The head loss in the filter was also four to six times
less. But the filtration efficiency of the low cost low head filter was only slightly less compared to the screen filter. Since, head available in
gravity fed irrigation systems is low, the above filter will be very suitable for gravity fed drip irrigation in hilly areas. There will be only a little
sacrifice of filtration efficiency. This filter will be specifically suitable for small size holdings and resource poor farmers.

Keywords :  Filtration efficiency; Gravity fed drip irrigation; Head loss

INTR ODUCTION

In hilly and plateau areas due to higher slope in the topography,
gravity fed irrigation is possible after harvesting the rainwater at a
higher elevation. In view of limited availability and higher cost of
storage, this water should be used as efficiently as possible. Drip
irrigation is a very good option for this purpose. But as the
harvested rainwater is likely to contain a lot of sediments, a good
filter is required to clean the water before its use through drip
irrigation system. The filters are required in drip irrigation systems
to remove the suspended particles and organic materials from the
water so as to prevent the clogging of the emitters.

Dif ferent workers have worked on different designs of the filters
and filter materials for drip irrigation systems. Ogedengbe1

conducted experiments to study the effectiveness of palm kernel
shells as filter media. The results showed satisfactory turbidity
removal in spite of the relatively large size of the particles used.
Benami2 reported that an 80 mesh screen might be used for coarse
materials and 150 mesh for finer materials and that the head loss
data for screen filter should be taken into account in design of
drip systems. Ahmed3 tested three agricultural origin materials —
jute, coir and babul rope as filtering media in drip irrigation filter
and observed that filtration efficiency was better at higher pressure
and decreased with increase in suspension concentration. Increase
in operating pressure and suspension concentration caused more
pressure drop and maximum filtration efficiency was observed in
case of jute. Suryawanshi4, in 1991 compared six types of filtering
materials, ie, wire mesh, nylon mesh, jute, coir, babul and nylon
rope. Maximum filtration efficiency was observed in case of wire
mesh and least filtration efficiency was observed in case of babul
rope. Among agricultural origin materials, jute gave the maximum
filtration efficiency. Considering the cost, efficiency, filtration rate
and pressure drop, coir rope was found to be the best filter material.

In a typical pumping based drip irrigation system, screen filters
and sand filters are used. These filters cause a head loss of 1.0 m
to 2.0 m and therefore cannot be used in the gravity fed drip
irrigation systems. Further in view of the constraint of head
availability, only such emitters should be used which require less
head to operate. Bhatnagar and Srivastava5 showed that microtube
or other low head drip system could be operated under the force
of  gravity. Low cost drip irrigation system (LCDI) was evaluated
with a gravity head of 1 m in Nepal and results showed that this is
a viable option to increase the food production in water scarce,
small scale farming in Nepal6. However, in order to clean the
water in such gravity fed systems, filters are required which can
operate under low heads. In this present study which was conducted
at Water Technology Centre for Eastern Region, Bhubaneswar in
2002-2003,  an attempt has been made to develop a low head
filter using locally available cheap materials so that it can be
manufactured at a low cost and at the same time be used for
gravity fed drip irrigation systems in hilly areas. A low cost filter
will reduce the overall cost of the system for small holdings, which
are common feature in the hilly and plateau areas.

MATERIALS AND METHODS

Fabrication of  the Filter

The filter was fabricated mostly out of PVC materials. The
different parts of the filter were (i) a 140 mm diameter 40 cm
long outer PVC pipe; (ii) a 50 mm diameter inner PVC pipe;
(iii) two numbers of 140 mm diameter PVC end cap; (iv) a 50 mm
PVC end cap for the inner pipe; (v) filter materials like jute, coir,
mesh or, combinations of them; and (vi) a 50 mm diameter PVC
pipe for the inlet to the filter. The cross section of the filter is
shown in Figure 1. Here, the 140 mm diameter pipe was used as
the outer casing of the filter. One 140 mm end cap was
permanently fixed at the bottom of the pipe. The 50 mm diameter
inner pipe was kept in a position as shown in the figure. The
bottom portion of the inner pipe was threaded and inserted
through the inner cap. The threading of the pipe was done to
enable it to be made detachable from the outer pipe and end cap
whenever it is required. The bottom portion of the pipe was
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designed as the outlet of the filter. With the use of a female thread
adopter (FTA), the threaded portion can be connected to the main
line of the drip irrigation system. The 20% area of the surface of
the pipe was drilled for facilitating the filtration of water. The top
of  the inner pipe was closed with a 50 mm end cap so that water
can not enter the pipe before filtration. The filter materials were
put in the annular space between the inner pipe and the outer
pipe. Another 140 mm end cap was fixed at the top and kept
removable so that whenever required the filter materials can be
taken out and cleaned. As inlet to the filter, other piece of the
50 mm pipe was attached to the body of the outer pipe as shown
in the figure. The outer end of the pipe was kept threaded so that
with the use of a female thread adopter (FTA), it can be joined to
the outlet of the pump. The filter was designed so that water will
enter through the inlet, get filtered through the filter materials,
then enter the inner pipe through pore spaces and discharge
through the outlet. Based on the combination of the filter materials,
the filter was used as five different filters, ie, (i) coir filter; (ii) jute
filter; (iii) mesh filter; (iv) mesh and coir filter; and (v) mesh and
jute filter. They were compared with the standard screen filter.

Experimental Set-up

For evaluating the performance of the filters, it was connected
with the water storage chamber where constant water level was
maintained. A sub main line was attached to the outlet of the
filter and a lateral pipe was taken out of the sub main. A constant
head difference of 2 m was maintained between the water level at
storage chamber and the lateral line. The head loss and filtration
of  different filters were measured and compared.

Head Loss

Head loss in the filter was calculated by measuring the pressure at
the inlet and outlet of the filter by using water manometers. Two
nipples were attached to the inlet and outlet of the filters to connect
them with the manometers. Water of three different turbidity levels,
ie, (i) clean ground water; (ii) 600 NTU water; and (iii) 1000 NTU
water were tried. Head loss for each filter and each turbidity level
of  water was measured after 5 min, 15 min and 30 min and
compared with each other.

Filtr ation Ef ficiency

Filtration efficiency was determined using the following equation

Fe= (1-So/ Se) × 100 (1)

where Fe  is the filtration efficiency in percentage; So is the
component concentration at the filter outlet ; and Se is the
component concentration of inlet feed in filter.

Filtration efficiency of all the filters was compared at two
concentration levels, ie, 600 NTU and 1000 NTU.

RESULTS AND DISCUSSION

Head Loss

The head loss values in different filters for different turbidity
levels and at different times are shown in Table 1. The values
indicate that the head loss value is appreciably higher in the
commercial screen filter. It is followed by mesh and jute, mesh
and coir, mesh, jute and coir, respectively. It indicates that the
commercial screen filter is not suitable for gravity fed drip
irrigation, as lesser head is available in such systems. The head
loss in all the filters increased with the increase in the turbidity
level of the water. The higher turbid water choked the pores in
the filter and thereby increased the head loss. Similarly, the head
loss values increased with time of operation for most of the filters
and turbidity levels of the water. With the passing of time, more
and more pore spaces got choked up and thereby increased the
head loss.

Filtr ation Ef ficiency

The filtration efficiencies of different filters at 600 NTU and
1000 NTU concentration of inlet water are shown in Figure 2.
The filtration efficiency is higher in commercial screen filter and
followed by mesh and jute, mesh and coir, mesh, jute and coir
filters, respectively. This indicates that head loss and filtration
efficiency are directly related. Wherever, the head loss is more,
the filtration efficiency is more and vice versa. The filtration
efficiency is more in case of higher turbid waters, ie, in 1000 NTU
concentration than 600 NTU concentration.

Table 1 Comparison of head loss in different filters

Type of Filter Turbidity Head Loss, cm

of  Water 5 min 15 min 30 min
Coir filter Clean water 1.5 1.5 1.5

600 NTU 1.5 2.0 2.5
1000 NTU 1.5 2.0 2.5

Jute filter Clean water 4.0 4.0 4.0
600 NTU 4.5 5.0 5.5
1000 NTU 5.0 5.5 6.0

Mesh filter Clean water 8.0 12.0 12.0
600 NTU 9.0 13.0 16.0
1000 NTU 9.0 14.0 18.0

Mesh and Coir filter Clean water 9.0 12.0 12.0
600 NTU 10.0 14.0 17.0
1000 NTU 10.0 14.5 19.0

Mesh and Jute filter Clean water 12.0 13.0 13.0
600 NTU 14.0 18.0 22.0
1000 NTU 16.0 24.0 29.0

Standard Screen filterClean water 40.0 49.0 62.0
600 NTU 50.0 90.0 120.0
1000 NTU 65.0 120.0 170.0

Figure 1 Low cost low head filter
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Suitability of  Filters for Gravity Fed Irrigation

The coir filter has least head loss, but its the filtration efficiency is
very low.  The commercial screen filter has best filtration efficiency,
but the head loss is high and therefore it can be used for gravity
fed drip irrigation system only where the head available is 4 m to
5 m. The mesh and jute filter has slightly lower filtration efficiency
than the commercial screen filter, but the head loss is four to six
times lower than the commercial screen filter and well within the
limit for being used for gravity fed drip irrigation system. Thus,
the mesh and jute filter is quite suitable for gravity fed drip
irrigation systems in  areas having undulating topography. The
cost of the filter is only Rs 500, whereas, the cost of commercial
screen filter is Rs 2000. This difference of Rs1500 will make a big
difference in investment cost per hectare for small holdings of
0.1 ha to 0.2 ha which is normal size for vegetable cultivation in
these areas.

CONCLUSION

The filtration efficiency of mesh and jute filter is slightly less
than the commercial screen filter. However, the cost is four times
less and the head loss is four to six times less. In view of very
small holdings to be brought under drip irrigated vegetables,
resource poor farmers and low head availability, the cost and head
loss become very important. Thus, this low cost low head filter
will be very much suitable for gravity fed drip irrigation system in
areas with undulating topography.
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Figure 2 Filtration efficiency of different filters
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