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Abstract- Water is said to be magnetized when it flows across the magnetic field and magnetized water finds its application in many areas 

of life. Despite the numerous benefits of magnetized water, very little works have been reported on the development of magnet for water 
magnetizer application. In most of the reported works, the detailed theoretical analysis and design procedure required for the development of 
the magnet was not accounted for; hence the need for the present study. Electromagnetic means of producing flux density is considered in 
this study due to its advantage of flux density variation, which is not achievable with the use of its permanent magnet counterparts. The design 
equation of short electromagnet was derived from the existing equations of coil magnetic flux density and then used for the air core 
electromagnet design. The variation of the magnetic flux density with the distance between two electromagnets was empirically investigated. 
The performance of the developed electromagnet is satisfactory, as the flux density varies between 814.6 and 510G corresponding to the 
gap (0 - 4cm) between the coils (i.e., water pipe diameter). 
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——————————   ◆   —————————— 

1 INTRODUCTION 
ater is said to be magnetized when it has been 
passed across a magnetic field. The results 
obtained by Khater & Ibraheim (2015) showed that 

the magnetic field has great effects on Physico-chemical 
parameters of water. According to Tyari, Jamshidi, & 
Neisy (2014), both the chemical and physical properties of 
water change when it is magnetized. These changes alter 
both the chemical and physical properties of magnetized 
water, which make it behave differently from the ordinary 
water (Nasher, 2008). Therefore, the process can be 
considered as one of the environmentally friendly means 
of overcoming the negative effects of water pollution 
(Ibraheim & Khater, 2013). Recently magnetic water has 
been used in different fields like agriculture, healthcare, 
constructions, dairy production, environmental and oil 
industries (Karam & Al-Shamali, 2012). Special attention 
has been drawn to this method of water purification due 
to the numerous advantages (ecological, purity, safety, 
simplicity and reduced operating cost) associated with it 
compared to other methods of water and wastewater 
treatments (Ibraheim & Khater, 2013).  

Experiments have shown that magnetic field affects the 
quality of water and has the ability to reduce water 
hardness (Banejad & Abdosalehi, 2009). Water 
magnetization reduces water-borne diseases by 
increasing the water oxygen content per litre and kills 
bacteria in the water (Tyari, Jamshidi, & Neisy, 2014). The 
process, if properly done is capable of activating water 
and consequently leads to the reduction in the molecule 
group size, accumulation of hard scale, lime and similar 
deposits in the water and also improve the taste of the 
water (Ajitkumar, 2014). When water is magnetized its 
PH level increases (Kotb, 2013). Application of magnetic 
field for water purification may be likened to a simple 
simulation of a natural scenario; for instance, water 
becomes more biologically active when it is subjected to a 
magnetic field.  

*Corresponding Author 

It is glaring that the role of magnetism in solving water 
pollution problem cannot be overemphasis (Khater 
&Ibrahoim, 2015). All the negative effects associated with 
stagnant water can be overcome by treating it 
magnetically because magnetic flux density increases the 
values of physical, chemical and bacteriological 
properties of water (Ibraheim & Khater, 2013). According 
to Nasher (2008), irrigating of Chick-Pea seeds with 
magnetized water enabled the seeds to acquire more 
nutrients from the soil, increase soil salts which in turn 
lead to enhancement of photosynthesized property of 
plants and finally increase the crop production and plant 
physical size. The explanation of these results can be 
based on the ability of magnetized water to improve soil 
water holding and salt distribution (Zlotopolski, 2017). 
Ajitkumar (2014) observed improvement in the 
germination, plant growth, flowers, fruit, average yield, 
quality, general appearance and non-formation of white 
salty deposits near the plant per plant in a plot treated 
with magnetic water. Increase in the growth rate and 
yield of the tomato irrigated with magnetized water 
compared to that of non-magnetized water was also 
reported in Yusuf (2017). 

The performance of plants and animals become more 
effective when magnetic water is used due to increase in 
the solubility of minerals which in turn improves 
nutrients transport to all parts of the body (Tyari, 
Jamshidi, & Neisy, 2014). Ebrahim & Azab (2017) 
concluded that prevention of harmful effects of drugs, 
toxins, and environmental pollutant on human and 
animals can be achieved through the usage of magnetic 
water because it improves their blood picture, 
biochemical parameters, semen quality, and antioxidant 
status. Consumption of magnetic water or its product by 
livestock improves the health, yield and their nutritional 
values (Tyari, Jamshidi, & Neisy, 2014). Investigation on 
effects of drinking magnetic water on the growth and 
quality improvement of poultry was also conducted by 
Gholizadeh et al., (2008) and it was revealed that meat-to-
fat ratio, livability and European production efficiency 
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were increased, while a decrease in mortality, sick case 
and feed rate were recorded. The results of the study 
by Al-Hilali (2018) revealed that magnetized water 
could help to improve poultry productivity because 
it improved all biochemical and physiological 
properties of Japanese quail. Reproduction efficiency 
of bulls can be improved by using magnetized water for 
the development of artificial insemination for Holstein 
bulls between the ages 17 and 18 months because it can 
increase the dimensions and circumferences of their testis 
and scrotal respectively (Al-Nuemi et al., 2015). The 
investigation carried out by Karam & Al-Shamali (2012); 
Reddy, Ghorpade, & Rao (2013, 2014) on concrete 
produced using magnetic water shows an increase in 
workability, density, compressive strength, tensile 
strength and flexural strength of the concrete. 

Despite all the numerous benefits of magnetized or 
magnetic water in every aspect of life, very little works 
have been reported on the development of electromagnet 
which is the backbone of the electromagnetic-based water 
magnetizer. Busch & Busch (1997) used an 
electromagnetic coil with the provision of a cooling device 
to preserve the temperature of the magnetizing water. A 
device containing seven U-shaped magnets, with North 
and South poles that have consoled in form of the same 
axis with a magnetic field length of 25cm was used by 
Banejad & Abdosalehi (2009) to produce magnetic water. 
Krzemieniewski et al. (2004) used magnetic pile made of 
permanent magnets that generate a constant magnetic 
field of intensity between 0.4 and 0.6T for the treatment of 
wastewater. Stack of magnets with a flux density of 18 G 
was used in Khater & Ibraheim (2015) to magnetize and 
purify water circulated at a constant flow rate across the 
field. A round magnet radiating magnetic flux density of 
985 G was used in Reddy, Ghorpade & Rao 2013 (2014) to 
produce magnetic water by placing a beaker filled with 
the water on the magnets for a 24hours period.  

In all the aforementioned methods of realizing water 
magnetizer the theory and the design procedure, which is 
the backbone, required in the development of 
electromagnet for electromagnetic-based water 
magnetizer were not presented, therefore the need for this 
study. The use of a permanent magnet to produce the 
magnetic field is not only economical but also 
environmentally friendly (Zaidi et al., 2014). The major 
drawback is that the flux produced by the permanent 
magnet cannot be varied. To achieve flux density 
variation using a permanent magnet, at least one of the 
magnet’s geometry, size, orientation or its arrangements 
in the system must be a variable parameter. This is not 
both economically and technically viable when a 
variation of magnetic flux density is required. Therefore, 
application of permanent magnet is not feasible in 
research that involves a dynamic variation of magnetic 
flux density. An electromagnet is a suitable candidate in 
such a situation, since the flux density is a function of 
magnetizing current, therefore the former can be varied 
by varying the latter depending on the applied voltage. In 
this study, an electromagnet is developed for 
electromagnetic water magnetizer for laboratory 
applications, which requires a dynamic variation of flux 
density. 

2 SYSTEM DESIGN 

2.1 DESIGN THEORY 

Short coils are required in the construction of 
electromagnet for water treatment as they are arranged in 
the water treatment chamber. The coils can be connected 
in series, parallel or parallel-series depending on the 
power supply current and voltage ratings. Therefore, the 
common equations for long solenoids cannot be used for 
designing these coils. Instead, the model equation 
developed by Misakian (2000) for rectangular loop of wire 
and used for square coil by Herceg, Juhas, & Milutinov 
(2009) was modified in calculating the value of magnetic 
flux density produced at arbitrary point P along z-axis of 
a square coil whose geometry is shown in Fig. 1. The 
coordinates are defined by the values of 𝑥, 𝑦 and 𝑧. 

The magnitude of the magnetic flux density, 𝐵𝑇 at point P 
is the resultant of the magnetic flux densities, 𝐵𝑥 , 𝐵𝑦  and 
𝐵𝑧 produced along the x, y and z directions, respectively. 
As can be seen in equations (1) - (4), 𝐵𝑇 is a function of the 
electric current, 𝐼 flowing through the coil, number of 
wire turns in the coil, 𝑁, permeability of the medium, 𝜇, 
coil dimensions, “𝑎 𝑏𝑦 𝑎”, and the coordinates of point P 
(𝑥, 𝑦 and 𝑧); that is, 

 𝐵𝑇 = 𝑓(𝐼, 𝑁, 𝜇, 𝑎, P). 

 
Fig. 1: Geometry of Square Coil 

 

𝐵𝑇 = 𝑁𝐼√𝐵𝑥
2 + 𝐵𝑦

2 + 𝐵𝑧
2           (1)  

where: 

𝐵𝑥 =
𝜇

4𝜋
∑ [

(−1)𝑛+1(𝑧−𝑧𝑘)

𝑟𝑛[𝑟𝑛+𝑑𝑛]
]4

𝑛=1            (2) 

𝐵𝑦 =
𝜇

4𝜋
∑ [

(−1)𝑛+1(𝑧−𝑧𝑘)

𝑟𝑛[𝑟𝑛+(−1)𝑛+1𝐶𝑛]
]4

𝑛=1           (3) 

𝐵𝑧 =
𝜇

4𝜋
∑ [

(−1)𝑛𝑑𝑛

𝑟𝑛[𝑟𝑛+(−1)𝑛+1𝐶𝑛]
− ⋯4

𝑛=1   …
𝐶𝑛

𝑟𝑛[𝑟𝑛+𝑑𝑛]
]   (4) 

where: 
𝑧 = coil distance from point P along z-axis in meter 
𝑘 = coil index number 
𝑟 = coil corner distance from point P in meter 
𝑛 = coil corner index number 
𝐶1 = −𝐶4 = 𝑎 + 𝑥  
𝐶2 = −𝐶3 = 𝑎 − 𝑥  
𝑑1 = 𝑑2 = 𝑦 + 𝑎   
𝑑3 = 𝑑4 = 𝑦 − 𝑎  

𝑟1 = √(𝑎 + 𝑥)2 + (𝑦 + 𝑎)2 + (𝑧 − 𝑧𝑖)
2  

𝑟2 = √(𝑎 − 𝑥)2 + (𝑦 + 𝑎)2 + (𝑧 − 𝑧𝑖)
2  

𝑟3 = √(𝑎 − 𝑥)2 + (𝑦 − 𝑎)2 + (𝑧 − 𝑧𝑖)
2  

𝑟4 = √(𝑎 + 𝑥)2 + (𝑦 − 𝑎)2 + (𝑧 − 𝑧𝑖)2  

The required magnetomotive force, F = 𝑁𝐼 (Ampere-
turns) for the production of the flux density is obtained 
from equation (1) as follows: 
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𝑁𝐼 =
𝐵𝑇

√𝐵𝑥
2+𝐵𝑦

2+𝐵𝑧
2
               (5)  

Depending on the designer’s choice either of 𝑁 or 𝐼 can be 
selected and then used to determine the other. 
 
2.2 COIL DESIGN 

The design specifications of the proposed square coil are 
as given in Table 1. 
 

Table 1. Design Specifications of the  

Proposed Square Coil 

Parameters Value 
Flux density in between 2 coils ≥ 400 G 
Maximum water pipe diameter 4cm 
Core length  6cm 
Core breadth 6cm 

 
The permeability of air was used so as to ensure that the 
variation of flux density with the current is a linear 
relationship. The number of coil turns was randomly 
selected as 200 for the design so that the expected flux 
density produced by a single coil should be at least 200G, 
based on the design specifications shown in Table 1. For 
better results when air-gap is introduced in-between the 
two coils 400G was used for the design. Since the gauge 
of wire that corresponds to the calculated current value, 
𝐼 = 10𝐴 is 11 (according to the American Wire Gauge, 
AWG), which is readily available and can easily be 
handled during coil winding process.  
 
2.3 COMPUTATION OF THE AXIAL FLUX DENSITY 

BETWEEN TWO COILS 

Computation of axial magnetic flux density at midpoint P 
along the z-axis for the two coils arrangement shown in 
Fig. 2 is presented. 

 
Fig. 2: Two Coils Arrangement 

 
The water magnetizer pipe was installed in such a way 
that at point P, water cuts the magnetic flux density in-
between the two coils at right angles as it flows through 
the pipe in order to yield maximum effect. The resultant 
magnetic flux density generated by the two coils at point 
P, 𝐵𝑅 is the algebraic sum of the flux densities generated 
by each of the coils, as follows: 

𝐵𝑅 = 𝐵𝑇1 + 𝐵𝑇2                (6)  

𝐵𝑇1 = 𝑁𝐼√𝐵𝑥1
2 + 𝐵𝑦1

2 + 𝐵𝑧1
2          (7) 

𝐵𝑇2 = 𝑁𝐼√𝐵𝑥2
2 + 𝐵𝑦2

2 + 𝐵𝑧2
2           (8) 

where 𝐵𝑥1, 𝐵𝑦1 and 𝐵𝑧1 are the magnetic flux densities 
produced along the x, y and z directions for coil 1, 
respectively, while 𝐵𝑥2,𝐵𝑦2𝐵𝑧2 are the corresponding 
values for coil 2. 
 
2.4 EXPERIMENTAL DETERMINATION OF MAGNETIC FLUX 

DENSITY 

The experimental set up is as shown in Fig. 3. The setup 
consists of two coils, power supply unit (PSU), AVO-
meter, clamp meter and gaussmeter for voltage; current 
and power; and flux density measurements respectively. 
The coils were arranged on a flat platform that has been 
graduated in centimetre and firmly secured at both sides 
with aluminium bar to prevent coil movement due to 
magnetic force of attraction. The magnetic flux density at 
the midpoint between the two coils was experimentally 
determined with the opposite poles facing each other.  
 

 
Fig. 3: Experimental Setup for Determination of Magnetic Flux 

Density at the Midpoint between the two Coils; where 1-Power 

supply unit; 2-Coil 1; 3-AVO meter; 4-Gauss meter; 5-Coil 2;  

6-Lap-top; 7-Clamp meter; 8-Gauss meter sensor 

 
In the experiment the value of the voltage across the two 
coils, the current through the two coils and power drawn 
by the coils was fixed at 12V DC, 10A and 70W 
respectively. The distance between the 2 coils was varied 
between 0 and 42cm in step of 2cm (each of the two coils 
was shifted away from point P simultaneously in step of 
1cm). Using 0cm as a reference, for every shift in the coils 
position the value of the resulting flux density at point P 
was measured and recorded.  

                                                                                              

3 RESULTS AND DISCUSSION 
Using the results of the experiment, the comparison 
between the calculated and measured flux densities at the 
midpoint between the two coils at different separation 
distances is shown in Fig. 4. As can be seen from the 
Figure, the flux density decreases exponentially with 
increasing separation distance.  The minimum and 
maximum calculated values of flux densities are 3.226 and 
814.6G respectively, while the corresponding measured 
values are 5 and 808G respectively.  
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Fig. 4: Computed and Measured Magnetic Flux Density at point P 

versus Coils separation Distance 

 
To determine the deviation between the measured and 
calculated magnetic flux densities, the absolute error was 
calculated at various distances and plotted, as shown in 
Fig. 5. From the Figure, the absolute errors are 6.587 and 
2.107G at 0 and 4cm respectively. The maximum and 
minimum absolute errors are 8.483and 1.28G, 
corresponding to 14 and 40cm, respectively. It can be seen 
from Fig. 4 that water pipe with a maximum diameter of 
5cm is appropriate for the designed coils because at a 
distance of 5cm the flux density is 400G which is the 
minimum required flux density. Whereas at a distance of 
4cm the flux density is 510G, this is greater than the 
minimum required flux density which is better. The 
designed electromagnet is appropriate for any water pipe 
between 0 and 5cm diameter; because for this pipe size, 
the magnetic flux density will range between 400 and 
814G. 

 
Fig. 5: Absolute Magnetic Flux Density Error versus Coils 

separation Distance 

4 CONCLUSION 
Air core electromagnetic coil was designed. The 
responses of magnetic flux density to changes in 
separation distance between two coils were investigated. 
The maximum absolute error between the distances of 
interest (0 and 4cm) was 0.8086G, thereby confirming the 
satisfactory performance of the developed electromagnet. 
The flux density varies between 510 and 814.6G when the 
distance was varied between 0 and 4cm. Hence, the 
proposed electromagnet has satisfied the design 
specifications as this is the range of distance of interest 
(i.e., the pipe diameter).  
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