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Abstract

Water provision system using capillary action is a restoration propagation operation. The capillary
action occurs due to the combined effect of three phenomena’s namely cohesion, adhesion, and
surface tension. Thisisalow cost approach to supply an efficient and continuous source of moisture
to plants. A variety of materials can be used to construct this system. In this study, a system has been
designed and water is allowed to reach the root of plants through capillary action. For the betterment
of water transfer, a porous material is embedded into the system. Using this system water can be
provided to a certain height without the aid of mechanical deviceslike motor and pump. This method
can be used to provide water to small plants and aso to large plantsin their initial growing stages.
Thislargely helpsin reducing wastage of water and helpsin efficient use of water especialy in water
scarce regions. This system can be modified for more applications in the future.
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Introduction

For the improved use of water in agriculture several techniques have been implemented. One
such techniqueisthe method of using capillary irrigation systems. Capillary action or wickingisthe
ability of a liquid to flow in narrow spaces without the assistance of, and in opposition to, external
forceslike gravity. The effect can be seenin the drawing up of liquids between the hairs of a paint-
brush, in a thin tube, in porous materials such as paper, in some non-porous materials such as
liquefied carbonfiber, orinacell. It occursbecause of inter-molecul ar force between theliquid and
surrounding solid surfaces. If the diameter of the tube is sufficiently small, then the combination
of surfacetension which is caused by cohesion within the liquid and adhesive forces between the
liquid and container act tolift theliquid. In short, the capillary actionis dueto the pressure of cohesion
and adhesion which cause the liquid to work against gravity. The water provision system using the
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capillary actionisarestoration propagation operation. It givesaconstant and steady supply of moisture
to theroot zones of plants from the bottom up. In this study we use porous materialslike tissuesfor
the betterment of capillary action the porous material is stacked within the pipe and the porous
mediumis providedtill theroots. It was found that water isrising through the porousmaterial dueto
the effect of root pressure. The design and analysis have been done and the prototype has been
made and found that water is reaching the root outlets, the height of rise depends on root pressure of
selected plants. From various data’s collected it has been observed that for different plants the root
pressure varies from about 33 Pa to about 0.6 MPa. So for this study we are taking two root
pressures. First we take aroot pressure of 33 Pawhich isleast and can study the effect of smallest
pressure plants in our designed system. Secondly we take an intermediate root pressure range 2.5
kPa, which is the root pressure of grape vines. Study and analysis are done for both cases and
different heights up to which water can rise has been determined.

Materialsand Methods

In this method glass tubes having different diameters were taken and dipped in a container
having water. So that the water level risesin each tube vary according to its diameter which can be
clearly seen.

Capillary tubes of varying diameters

Fig. 1. Capillary Tubes of Varying Diameter

The glass tubes used in the study are having diameters of different values. Figure 5.1 shows
glasstubes of different diameters. Thisincludes capillary tubeswith diameter 2 mm, 2.5 mm, 3 mm,
3.5 mm, 4 mm, and 5 mm respectively. When these tubes are dipped with its one end within a
container having water, it is observed that the level of water rise in each tube is different. Thisis
because of the varying diameter of the tube.

It can beclearly inferred from the figure 2 that the tube with the least diameter is supporting the
highest water rise, when compared with the other tubes. And the tube with the largest diameter is
givingtheleast rise.
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Major problemsresulting in thismethod is that: the water risethoughit isbeen obtaining, but the
rise isin the millimetre range only. This will not helps in producing an efficient water provision
system.

Fig. 2. Varying level of water in capillary

Porous material within the capillary tube

To overcome the problem faced in the first method i.e., the low water risein the tube, a porous
material is been used by stacking within the tube. Due to easy availability and to make economic,
paper towel is been used in this case. Sponge can also be used. The water rise through a porous
material will be much higher as compared to the rise in a capillary tube. Thisis due to the better
adhesiveness between the two mediums. So, when this porous material isused within the glasstube
then the resultant rise of water within the tube will be much higher as compared to that in the first
case. Thishelpsin attaining the study objective of providing water to more height which can be used
for irrigation purposes.

Fig. 3. Porous material stacked within capillary tube
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Porous material within PVC pipe

In order to overcome the problems faced in the above methods, a system of a pipe made some
other material within which porous material is been kept to achieve the desired functional system.
Pipe made of any recycled materials or other low cost material can be used. In this method aPVC
pipe was used. But with its use the rise of water through it cannot be obtained as that in the case of
capillary tubes. For achieving that, the porous material has been kept within the tube. This helps
water to rise through the tube.

Inthis, water is been filled in the larger pipe which isthe main line. While the porous material
was kept within the branch pipe which of smaller diameter so that water will beraised fromthemain
lineto the top section of the branch pipe through capillary action. Small holes have been provided at
the top of the branch pipe so that the water can be provided to outside and when aplant root comes
in contact with the porous material, it will takesin the required amount of water from the wet paper
towel.

Fig. 4. Prototype of the proposed system

Thus, through the system the main objective of developing an efficient water provision system
using capillary action wasobtained. Thislargely hel psin reducing thewater usagein plants, reduces
labour, reducetotal cost involved.

Design and Analysis

Design using solidworks

Figure 5 showsthe designed water provision system for 5 cm height. The water inlet and outlet
are given asthe opening and ending portion of bottom main pipe. The branch pipeswhich are place
at different heights are stacked with porous medium, and the outl ets which were given on the branch
pipes are the outlet to the roots.

16



Capillary Water Provision System for Irrigation

Fig. 5. Designed model

AnalysisusngANSY S

Velocity and pressure analysiswere carried out usingANSY SFLUENT. Thisanalysisismainly
donein order to find out up to what height water can rise through the porous materia dueto capillary
action for the root pressure considered.

Analysis for root pressure (-33 pa) for various heights

The analysisfor different heights has been done and the results for different heights have been
shown below. The boundary conditions given are inlet and outlet of main pipe as 1 atm, root outlet
pressure as —33 Pa and porosity of medium as 0.8. From the analysis it was found out that water can
rise up to aheight of 7.5 cm for aroot pressure of -33 Pa.

The velocity and pressure contour for different heights of 2.5 cm, 5cmand 7.5 cmisshownin
the Figures 6, 7 and 8 respectively.

Fig. 6. Velocity and Pressure contour for height 2.5cm
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Figure 6 show that water isreaching all theroot outlets uniformly with auniform velocity. The
pressure contour shows that the upward pressure acting on the system decreases from bottom to
top. Therefor it can be inferred that there is upward force acting throughout the pipes from bottom
to theroot outlets.

From the vel ocity and pressure contour for 5 cm height shown in Figure 7 it can beinferred that
water isnot reaching all theroot outletsin a uniform manner. Asthe distance of theroot outlet from
the main pipe increases the ease with which water reaching the outlet reduces.

Fig. 8. Velocity and Pressure contour for height 7.5 cm

From the vel ocity and pressure contour for 7.5 cm height shown in the Figure 8 above it can be
clearly inferred that water is reaching the farthest root outlet with a much lower velocity when
compared with the root outlet at the beginning. From the pressure contour it is clear that the upward
pressure is not as high as the above two cases. The maximum height water can be provided using
root pressure -33 Pais 7.5 cm. For plantswith root pressure morethan -33 Pawater will easily move
up and will be capable of abtaining water from more depth.
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Analysis for root pressure (-2.5 kpa) with various heights

The analysis for different heights has done and the results were shown below. The boundary
conditions given are inlet and outlet of main pipe as 1 atm, root outlet pressure as —2.5 kPa and
porosity of medium as 0.8. From the analysi s the maximum possible height is2 m.

Velocity and pressure contours for heights 1.5 m and 2 m are shown in the Figures 9 and 10
respectively. For both the heightsthe vel ocity with which water reaching each root outlet was uniform.
The pressure reduces from bottom to the root outlets, therefore an upward pressure is acting from
bottom up.

Fig. 10. Velocity and pressure contour for height 2 m

Results and Discussion

Thestudy, design and analysis of water provision system using capillary action have been carried
out in this study. From the analysis carried out using ANSY S, it can be concluded that the height to
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whichwater can risethrough the tube depends on the root pressure of the plant under consideration.
Therefore this system can be effectively used for providing water needed for their growth. For
plants with root pressure higher than the designed system, water intake will be possible. In the case
of small plants, theroot pressure wasfound to be higher. This enablesthe use of the proposed system
innurseries.

The system has several advantages over conventional drip irrigation system which are: the cost
involved is much less compared to the other. Fabrication is simpler and the maintenanceinvolvedis
very less. Since PV C pipesare used in the current project it haslife time of about 10-15 years. The
porous material used has to be renewed once in 3 or 4 months. The system design is very simple
compared to the conventional drip irrigation system.

With this system water required for the plantsis supplied effectively. This helpsin reducing the
water requirement and also hel psin avoiding the use of motorsand pumpsasin conventional irrigation
systems. Thus the system devel oped hel psin attaining more profit.

In addition to the advantages proposed above, the system can be used for research purposes for
determining the exact usage of water by the plants. By the use of hybrid porous materials the
efficiency of the system may be further improved. The system may be adopted in water scarce
areasthereby hel pingin achieving continuousirrigation purposes.
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