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EFFECT OF MAGNETIZED WATER
 
ON SOIL MOISTURE DISTRIBUTION AND
 

DRIPPER DISCHARGE
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ABSTRACT 

Recent researches indicate that if water is exposed to intense magnetic 
field. it is possible to obtain many positive effects on water properties that 
improve water use in irrigation applications. The magneti=ed water is 
obtained by passing water through permanent magnets installed on afeed 
pipe line. Therefore. this work was carried out to im'estigate ofirrigation 
by magnetic water and its effects on soil moisture distribution under 
ultra-low drip irrigation and dripper discharge. Three treatments of 
magnetic (0.325. 0.495 and 0 Tesla) was carried out by using three 
nominal drippers discharge of0.5. 1.2 and 2.0 IIh under effect ofdifferent 
pressures of 50. /00. 150 and 200 kPa. The results indicated that the 
dripper discharge rate was increased by increasing the magnetic flux 
density at different dripper discharge rates and different operating 
pressures. Also. the moisture distribution pattern was increased 
hori=ontally more than vertically under dripper. by increasing the 
magnetic flux density at different operating pressures. 

1. INTRODUCTION 

M agnetized water is obtained by passing water through a 
permanent magnet installed in or on a feed pipeline. The mean 
soil moisture contents at depths of 0-20, 20-40, and 40-60 cm 

below the emitter for the magnetized irrigation water treatment were more 
than the non-magnetized irrigation water treatment (B~hrouz et aI., 
2011). When water passes through the magnetized field, its structure and 
some physical characteristic such as density, salt solution capacity and 
deposition ratio of solid particles will be changed (Pang and Deng, 
2008). Because of the limited water resources, better use of available 
water resources and use of recycled water with low and medium salinity 
for irrigation is important. 
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The use of poor-quality irrigation water with high salinity is one of the 
main problems in agriculture. To reclaim soil and water and to reduce soil 
moisture stress, magnetized water can be used (Kney and Parsons, 
2006). The study revealed the perfonnance of the sprinkler irrigation 
system was improved when that magnetized water was used compared 
with non-magnetized under the same operating and climatologically 
conditions, the degree of improvement depends on intensity of the 
magnetic field used under low and very low pressures, the most effective 
on unifonnity was the intensity 0.1608 Tesla. The best perfonnance of the 
system was achieved at 15 psi with direct magnetic flux density of 0.1608 
Tesla. There variables have achieved the highest increase in irrigation 
unifonnly compared with irrigation in nonnal water which was 24.2% 
(AI-Talib and AI-Sinjary, 2009). 
The inverted magnets orientation (multi-pole and multi-reversing polarity 
magnetic field) yielded better results in effect on the molecules of 
dissolved solids and water molecules compared with non-inverted 
magnets orientation (Brower, 2005). The water like most molecules is 
diamagnetic; it is actually repelled by a magnet, although so weakly those 
sensitive instruments are needed to observe this effect. The structural 
group of water molecules, which consist of one oxygen molecule and two 
hydrogen molecules bonded as an isolated triangle with its upper angle of 
105° and water molecules under effect of magnetization. Generally, when 
water is subjected to a magnetic field, the water molecules will arrange in 
one direction. This mode of arrangement is caused by relaxation the 
bonds, and then the bond angle decreases to less than 105°, leading to a 
decrease in the consolidation degree between water molecules, and 
increase in size of molecules. For these reasons, the viscosity of magnetic 
water is less than viscosity of normal water. This change in water 
molecules composite causes a change in surface tension, pH and electrical 
conductivity (Ahmed, 2009). Magnetization increasing water pH, total 
dissolved solids, boiling point and electrical conductivity and decreasing 
surface tension. Moreover, the magnetization effect on water properties 
was increased by increasing the magnetization time (El-Messery et al., 
2015). 
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The main objective of this study was to investigate soil moisture 
distribution and dripper discharge wl1en using magnetic water. These 
studies were carried out on ultra-low drip irrigation at different operating 
pressures. 

2. MATERIALS AND METHODS 

The experiments were performed at the department of water and irrigation 
systems engineering, Faculty of Agricultural Engineering, AI-Azhar 
University, Nasr city, Cairo, Egypt. This study was made to measure 
dripper discharge rates at different magnetic flux intensity of 0.325 and 
0.495 Tesla and measuring of water front advance horizontally and 
vertically for magnetized water. 

2.1. The experimental setup 

Fig. (1) shows the experimental setup which consists of water source and 
three lateral lines A, B, and C. Lateral A for treatment 0.325 T, lateral B 
for treatment 0.495 T and lateral C for nonmagnetic water (0 T). 

(7) (9) (10) (11) (A) 

(B)
 

(C)
 

(1): Water source. (7): Inverted permanent Magnets 0.325 Tesla. 
(2): Pump. (8): Inverted permanent Magnets ,0.495 Tesla. 

(3): Valve. 
(9), (10), and (11): drippers 0.5, 1.2, and 2 Lib 

respectively. 
(4) Pressure gauge. (A): 0.325 Tesla treatment. 
(5): Flow meter (B): 0.495 Tesla treatment. 
(6): Pressure regulator. (C): Control Treatment. (0 Tesla) 

Fig. (1): The experimental setup. 
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2.1.1. Soil Characteristics 
The soil characteristics were measured in the Laboratory of Soil and 
Water Department, Faculty of Agriculture, AI-Azbar University, Nasr 
City, Cairo, Egypt. The methodological procedures were done according 
to KJute (1986), Singh (1980) and Kohnke (1980) and the results are 
listed in Tables (1) and (2). 
2.1.2. Pump 
The water pump used in present study is Calpeda centrifugal pump. Its 
model name is NM 25112A/A, made in ItalY,0.75 kW, 2900 rpm, single 
phase, inlet and outlet diameter are 25.4 mm (1 ") and maximum 
discharge rate is 12 m 3 /h. 

Table (1): Physical characteristics of the soil under study. 

Cole =2 
~ =.>~ .S! .........
Particle size distribution (%) .. '" E

I:l-c ,-, E e=;~ ;: ~ ~ 
~ = '" ~ E CoI~ U~ 
~- '0 = .~ ~~ '=:"-"cu Col .... '0 ~ ~ I;: cuCoarse Fine I:l-c

Silt Clay E-c :=§"-" =~ 
sand sand Col - EL S(3)48.3 28.8 18.7 4.2 9.68 12.6 4.13 2.032 

(1) Field capacity (%) at 10 kPa. 
(1) Permanent wilting point (%) at 1500 kPa. 
(J) Loamy Sand. 

Table (2): Chemical characteristics of the soil under study. 

Soluble ions in the saturated soil paste 

Cations (meq/L) Anions (meq/L) 

Ca++ Mg++ Na+ K+ Cl HC0 3 - 504-

pH 
Ec 

d5/m 

9.45 6.69 2.43 0.54 5.10 4.91 9.10 7.80 1.91 

2.1.3. Magnetization device (MD) 
The magnetization device consists of 5 pairs of permanent magnets 
arranged in an alternating configuration, these magnets were divided into 
two types, the first type dimensions was (50 x 25 x 10 mm) with 
magnetic flux density of 0.220T, while the second type dimensions was 
(50 x 25 x 2 mm) with magnetic flux density of 0.129 T. 
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The magnets were installed on two pieces of wood and can be controlled 
the distance between wood pieces throl,lgh 4 bolts and nuts in the comers 
of wood pieces; the water pipe was made of stainless steel with external 
diameter of 17 mm and internal diameter of 14 mm, as shown in Fig. (2). 
2.1.4. Emitters 
PCJ, on-line compact, pressure-compensated dripper, Netafim Ltd, the 
working pressure range are 20 - 400kPa. The applications of these 
drippers are ill greenhouses, nurseries, orchards, deciduous and trees 
irrigation. The emitters were installed on Poly Ethylene tube 16 mm. 

I ..._ 

Nut 

Stainlul steel I 

pipe,14mm0 
Permanent 
magnets 

--+ 

Boll 

Fig. (2): Magnetization device, (EI-Mesery et aL, 2015). 

2.1.5. Plastic bags 
The soil samples were air dried, and put in transparent plastic bags which 
have cylindrical shape of 50 cm diameter and 60 cm depth. The samples 
were arranged under different discharge drippers of 0.5, 1.2, and 2 I/h. 

Drippers were placed on the geometrical center at the top <;>f soil samples. 
The application time was 42 min. Two hour after application time, the 
wetted width (w) was measured. To determine the wetted depth (d), the 
bag sample was cut and the sanlple was split from the center accurately 
and slowly, then wetted depth (d) was measured. 

2.2. Measurements 
The experiment using magnets have magnetic flux densities of 0.325 and 
0.495 Tesla, that were obtained by placing two or more magnets together 
and magnetic flux densities were measured in the center of water pipe by 
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using Teslameter device (WUNTRONIC company in Gennany, model: 
KOSHAVA-5) on the faculty of engineering, Tanta university. The type 

. of magnets was inverted pennanent magnets orientation, that means the 
adjacent and opposite magnets were different polarity, as shown in 
Fig. (2). Catch can be used to receive water from emitter to measure 
emitters flow rate. The scaled cylinder was used to measure it. 

3. RESULTS AND DISCUSSIONS 

3.1. Water distribution 

Figures. (3) and (4) show the water distribution pattern at different 
magnetic flux density, different, dripper discharge rate and different 
operating pressures. The results showed that the horizontal wetting front 
advance was increased and with high flux density for three types of 
dripper discharge rate and the vertical wetting front advance was 
decreased. 

From Figures. (3) and (4) for dripper with nominal discharge rate of 0.5 
Lib, the horizontal wetting front advance was (8.8, 11.3, and 11.6 cm), 
(10, 11.3, and 11.6), (9, 10.6 and ll) and (7.9, 8.2, and 9) at magnetic 
flux density ofO. 0.325, 0.495 Tesla respectively at operating pressures of 
50, 100, ISO, and 200 kPa respectively. The vertical wetting front 
advance was (13, II, and 10.4 cm), (12.5, 11.5, and 11.2), (14, 12 and 
11.2) and (13.2, 11.7, and 10.8) at magnetic flux density of 0, 0.325, 
0.495 Tesla respectively at operating pressures of 50, lOa, ISO, and 200 
kPa respectively. 

For dripper with nominal discharge rate of 1.2 LIb, the horizontal wetting 
front advance was (11.2, 11.7, and 11.9 cm), (11, 11.9, and 12.6), (10, 
12.6 and 12.6) and (9.7, 10.6, and 11.3) at magnetic flux density of O. 
0.325, 0.495 Tesla respectively at operating pressures of 50, 100, ISO, and 
200 kPa respectively. The vertical wetting front advance was (19, 18.6, 
and 17.5 cm), (19, 17, and 16.1), (19, 18 and 17.6) and (18, 17.3, and 17) 
at magnetic flux density of 0, 0.325, 0.495 Tesla respectively at operating 
pressures of 50, 100, 150, and 200 kPa respectively for dripper with 
nominal discharge rate of 0.5 Lib. 
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Fig, (3):Water distribution pattern at different magnetic flux density, 
different dripper discharge rates and operating pressures 
(150 and 200 bar), 
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Fig. (4):Water distribution pattern at different magnetic flux 
density, different dripper discharge rates and operating 
pressures (50 and 100 bar). 
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These results may be due to a decrease in the consolidation degree 

between water molecules. For these' reason, the viscosity of magnetic 

water is less than viscosity of non-magnetic water. This result agreement 

with AbdelTawab et aL, (2011). 

4. CONCLUSION 

The study has revealed that the performance of the ultra-low drip 

irrigation system improved by using the magnetized water, compared to 

non-magnetized under the same operating and climatology conditions. 

The degree of improvement depends on the magnetic flux densities used. 

The use of magnetized water for irrigation is recommended to: 

- Maximize soil moisture holding capacity and minimize soil moisture 

deep percolation. 

- Prevent water table contamination with ammonia especially in sandy 

soil. 

- The rotational motions got slow down after magnetic treatments, 

agreement with the results obtained by (AI-Talib and AI-Sinjary, 

2009). 
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