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Abstract. This paper has examined the cleaning of transformer oil by using electricity field on a 
theoretical and practical basis. Scientific analysis was done on the physicochemical characteristics 
of the oil and the effects of impurities on the electrical insulation characteristics of oil. A 
mathematical model explaining the movement of impurities under the action of an electric field 
was constructed on the basis of which, the extent of oil purification was established. According to 
the carried out theoretical and practical studies, the efficiency of transformer oil purification by 
constant electric field was tested. Based on the findings of theoretical modeling, the level of oil 
extraction against mechanical impurities is 40, and the electrical strength of the oil is enhanced by 
16 and based on the findings of experiments that are carried out under laboratory conditions, the 
electrical strength is enhanced by 21. Due to the comparison between theoretical and practical 
outcomes, the deviation of the electrical strength indicator of the oil does not exceed 5 % and this 
fact supports the validity of the theoretical model developed. It was also determined that the 
purification process is affected by environmental factors like temperature, humidity, strength of 
electric field and composition of the oil. Enhancing oil purified in constant electric field is one of 
the effective solutions to the enhancement of the reliability of transformers and their service life.  
Keywords: transformer, transformer oil, electric field, theoretical model, optimal voltage, 
electrical strength, mechanical mixture, laminar and turbulent flow, technical efficiency. 

1. Introduction 

Transformers are one of the main elements of modern power systems, and their reliability and 
efficiency have a great influence on the stability of power supply. The oil used in the internal parts 
of transformers performs the function of electrical insulation and heat transfer. Therefore, the 
cleanliness and quality of the oil affect the long-term operation of the transformer [1]. It is 
necessary to theoretically study the physicochemical changes that occur during the process of 
transformer oil purification due to environmental factors (temperature, humidity, electric field 
strength, etc.) [2-3]. In this article, the theoretical solutions for cleaning transformer oil using an 
electric field are analyzed, taking into account the influence of the environment. Consequently, 
the process of purifying transformer oil using an electric field should be theoretically studied in 
depth, taking into account the influence of environmental factors [4-6]. Factors such as 
temperature, humidity, electric field strength, and the chemical composition of the oil have a great 
influence on the efficiency of the process. Taking these factors into account, it is possible to 
effectively purify transformer oil by selecting optimal parameters. In addition, it is possible to 
optimize the process based on theoretical models and mathematical equations, which leads to an 
increase in the reliability and service life of the transformer. 
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2. Purpose of the study 

Development of better techniques to purify the transformer oil this serve as an insulating 
medium in power transformers utilized in the power supply of the transport system. It is projected 
that the process of separating mechanical contaminants, moisture and oxidation products in oil in 
the presence of a constant electric field will have their theoretical and experimental underpinnings 
developed:  

– Theory the theory of the motion of charged particles in transformer oil under the influence 
of a constant electric field; development of the differential equations describing the motion of the 
charged particles. 

– Evaluation of the effect of environmental conditions (temperature, humidity, strength of 
electric fields, and chemical compositions of the oil) on the cleaning process; research of the 
electrofiltration process under laboratory conditions and analysis of the obtained results of the 
theoretical model and the experimental data. 

– Identification of the association between the cleaning efficiency and the parameters of the 
electric fields. 

– Suggesting a viable electrofiltration process, which can be utilized in practice with regard to 
transport transformers.  

The received scientific and practical findings allow enhancing the quality of the transformers 
in the power infrastructure of the transport system and increase their life span. 

3. Materials and methods of research 

In the research process, the theory of electrical engineering, the law of electromagnetic 
induction, electrocoagulation, and the theory of the electric field were used [7]. The electric field 
purification method is based on the separation of mechanical impurities in oil using the effects of 
electrostatic attraction and ionization [8-9]. In this process, the following steps are carried out: 
Generating an electric field: an electric field passing through an oil, used to attract charged 
particles (e.g., metal particles or ions) [10]. Ionization: Under the influence of an electric field, 
free particles in oil are ionized and move in the direction of the electric field [11]. Collection of 
mechanical impurities: ionized particles are collected using special electrodes or filters [12]. 

The effectiveness of this process depends on such factors as electric field strength, dielectric 
constant of the oil, temperature, and humidity. In the process of electric field purification of 
transformer oil, environmental factors act as follows: Temperature effect: increasing temperature 
reduces the viscosity of the oil, which contributes to the movement of mechanical impurities, and 
at very high temperatures, the chemical composition of the oil can change, which disrupts its 
dielectric properties [14]. The effect of moisture: moisture increases the electrical conductivity of 
the oil, the electrical resistance in the oil decreases under the influence of an electric field, and 
moisture intensifies the dissociation process in the oil, which complicates the ionization process. 
Effect of electric field strength: increasing the voltage accelerates the ionization process, but too 
high a voltage can lead to the formation of electrical waste in the oil, and the choice of the optimal 
voltage maximizes the efficiency of the process. The effect of the chemical composition of the oil: 
different types of oils (for example, mineral oil or synthetic oil) have different dielectric properties, 
and their movement under the influence of an electric field differs [14]. 

4. Results obtained and their discussion 

4.1. Development of a mathematical model of the process of transformer oil purification in 
a constant electric field 

The mathematical model of the process of cleaning transformer oil using an electric field is 
compiled based on the following equations: Charged particles move under the influence of an 
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electric field according to the following differential equation: 𝑚 ௗమ௫ௗ௧మ  = 𝑞𝐸 −  𝛾 ௗ௫ௗ௧, where: 𝑚 – 
particle mass, 𝑞 – particle charge, 𝐸 – electric field strength, 𝛾 – coefficient of friction.  

The oil's electrical conductivity (𝜎) and dielectric constant (𝜀) are related by the following 
relationship: 𝜎 = 𝜔𝜀tan(𝛿), where: 𝜔 – frequency, tg(𝛿) – tangent of the dielectric loss angle. 

The optimal electric field strength satisfies the following condition: 𝐸௢௣௧ =  ටఙఌ. 
The total field strength of the mechanical mixture layer, taking into account the electric field 

strength 𝐸 𝐸ሬ⃗ ଴ in the 𝜁 – layer and the conditional correction field strength 𝐸ሬ⃗ (ଵ), is determined as 
follows: 𝐸ሬ⃗ = 𝐸ሬ⃗ ଴ + 𝐸ሬ⃗ (ଵ). (1)

It should also be taken into account that due to the imbalance of volumetric charges between 
two layers, the time of electrical relaxation (𝜏ଵ = ఌబఌభఋభ  and 𝜏ଶ = ఌబఌమఋమ , and 𝜏ଶ – relaxation times of 
the first and second media, respectively; 𝜀ଵ and 𝜀ଶ – electric field permeability of the first and 
second media, respectively; 𝜀଴ – as a constant of the electric field: 𝜀଴ = ଵସగ∙ଶଽଽ଻ଽଶସହ଼మ×ଵ଴షళ = 
8.85418781∙10-12 Ф/m-1 equal to) and surface charge is formed between the layers [12]. 

For the first medium, i.e., for solid mechanical impurities, the charge density in differential 
form is expressed as follows: 𝑑𝐷ூ(ଵ)𝑑𝑥 = 𝜎ଵ ⇒ 𝐷ூ(ଵ) = 𝜎ଵ𝑥 + 𝑐ᇱ, 𝑥 ∈ ሾ0; 𝜁ሿ, 𝐷ூ(ଵ)ห௑ୀ଴ = 0 ⇒ 𝑐ᇱ = 0 ⇒ 𝐷ூ(ଵ) = 𝜎ଵ𝑥. (2)

Here, the function of the dependence of the charge density 𝐷ଵ(ଵ)(𝑥) on the layer thickness is 𝑥-
layer thickness [m]. 

For the second medium, i.e., for dense mechanical impurities, the charge density in differential 
form is expressed as follows: 𝑑𝐷ூூ(ଵ)𝑑𝑥 = 𝜎ଶ ⇒ 𝐷ூூ(ଵ) = 𝜎ଶ𝑥 + 𝑐ᇱᇱ, 𝑥 ∈ ሾ𝜁; 𝑙ሿ. (3)

The surface density function and electric field strength at the boundary between the layers of 
the solid and dense mechanical mixture are expressed as follows: 𝐷ூூ(𝜁) − 𝐷ூ(𝜁) = 𝑗(𝜏ଶ − 𝜏ଵ) = 𝛿௤ ⇒ 𝜎ଶ𝜁 + 𝑐ᇱᇱ − 𝜎ଵ𝜁 = 𝛿௤ ⇒ 𝜎ଶ𝜁 − 𝜎ଵ𝜁 + 𝛿௤ ⇒ 𝐷ூூ(ଵ) = 𝜎ଵ𝜁 + 𝜎ଶ(𝑥 − 𝜁) + 𝜎௤ ⇒ 𝐸ூூ(ଵ)(𝑥) = 1𝜀଴𝜀ଶ ൣ𝜎ଵ𝜁 + 𝜎ଶ(𝑥 − 𝜁) + 𝜎௤൧,       𝑥 ∈ ሾ𝜁; 𝑒ሿ. (4)

If we express the 𝑥 – variable in terms of 𝜁, then we get the following expression: 𝐸(𝜁) = 𝐸଴ + 𝜎ଵ𝜀଴𝜀ଶ 𝜁. (5)

In this expression 𝐸଴ is expressed taking into account the potential difference and relaxation 
as follows: 
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𝐸଴ = 𝑈𝑙 + 𝜎௤𝜀଴𝜀ଶ. (6)

In the layers, the electric field strength equals the internal electric field strength, creating a 
dipole moment, resulting in polarization forces, namely: 

𝑓௣ = 𝑃 𝑑𝐸ூூ(𝑥)𝑑𝑥 ฬ௫ୀ఍ = 𝑃𝜀଴𝜀ଶ ∙ 𝜎ଶ. (7)

If we assume that the resulting dipole moment is directly proportional to the external electric 
field, and the charge density is directly proportional to the potential difference, the above 
expression takes the following form: 𝑓 = (1 + 𝛼) ∙ 𝑞𝐸(𝜁). (8)

If the concentration of mechanical impurities in transformer oil is very small and the generated 
external electric field is in the form of a flat capacitor, 𝛼 can be neglected. 

If, ఊభ∗௟௕ ∙ ௗ఍∗[ఝబାఊభ∗ ୪୬(ଵି఍∗)]௙ = 𝑑𝑡, taking into account Eq. (5) and (8), we can take into account the 
following relationship: 

𝑑𝜁∗𝑑𝑡 = 𝑞𝑏 ∙ [𝜑଴ + 𝛾ଵᇱ ln(1 − 𝜁∗)] ቀ𝐸଴ + 𝜎ଵ𝜀଴𝜀ଶ 𝜁ቁ𝛾ଵᇱ ∙ 𝑙 . (9)

We introduce the following notation, i.e., we introduce 𝐴, which reflects the surface density, 
length, and dielectric properties of the first layer: 𝐴 = − ఙభ௟ఌబఌమ. 

If the concentration of mechanical impurities does not exceed 10 % (as is usually the case) ln(1 − 𝜁∗) ≅ −𝜁∗ then the time function of the mechanical impurity layer, according to Eq. (9), 
has the form: 

We accept the following terms: 𝜁௠ = 𝜁|௧→ஶ,     𝛾ଵ∗ ≈ 1,     𝛾ଵ ≅ 𝛾, 
and we obtain Eq. (10): 

𝜁(𝑡) = 1 − 𝑒ି௕௤ாబቀଵି஺ఝబாబ ቁ௟ ௧
1 − 𝐴𝜑଴𝐸଴ 𝑒ି௕௤ாబቀଵି஺ఝబாబ ቁ௟ ௧ 𝜁௠. (10)

To simplify the above expression, we introduce the following notations: 

𝜈 = 𝐴𝜑଴𝐸଴ ,        𝜆 = 𝑏𝑞𝐸଴(1 − 𝜈)𝑙 . (11)

As a result, we get the following expression: 

𝜁(𝑡) = 1 − 𝑒ିఒ௧1 − 𝜈 ∙ 𝑒ିఒ௧ ∙ 𝜁௠. (12)
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ఊభ∗௟௕ ∙ ௗ఍∗[ఝబାఊభ∗ ୪୬(ଵି఍∗)]௙ = 𝑑𝑡 and Eq. (12) and introducing the notation 𝜑∗ = 𝜑/𝜑଴ – we obtain 
Eq. (13): 

𝜑∗ = 1 − 𝑒ିఒ௧1 − 𝜈 ∙ 𝑒ିఒ௧ . (13)

If a mandatory amount of transformer oil 𝑄 is purified from the electrostatic precipitator per 
unit of time, i.e., expressed through the mandatory flow of transformer oil, then the following 
expression is obtained: 𝑣଴ = 𝑄𝑆 , (14)

where: 𝑆 – effective cross-sectional area of the electrostatic precipitator; 𝑄 – transformer oil 
consumption; 𝑣଴ – transformer oil flow rate to the electrostatic precipitator [m/s]. 

If the forced circulation of transformer oil is not carried out, then we reduce Eq. (13) for this 
condition to the following form: 

𝜑∗ = 1 − ℎ∗ ∙ 𝑒ఒ௧ − 1𝑒ఒ௧ − 𝑣, (15)

where: ℎ∗ is the coefficient of linear dimensions of the electrostatic precipitator, calculated 
depending on whether the coefficient of forced flow is greater or less than 1: 

ℎ∗ = ℎ𝐻 = ቐ𝑖𝑓 𝑣଴∗ ≤ 1, 𝑡ℎ𝑒𝑛 𝑖𝑡 𝑖𝑠 𝑒𝑞𝑢𝑎𝑙 𝑡𝑜 1,𝑖𝑓 𝑣଴∗ > 1, 𝑡ℎ𝑒𝑛 𝑖𝑡 𝑖𝑠 𝑒𝑞𝑢𝑎𝑙 𝑡𝑜 𝐿𝑢𝐻𝑣଴ . (16)

The relative consumption of transformer oil is calculated as follows: 𝑣଴∗ = 𝑣଴𝑣௘௙௙ = 𝐻𝐿 ∙ 𝑣଴𝑢 ,       𝑣௘௙௙∗ = 𝐻𝐿 ∙ 𝑢, (17)

where: 𝐿 – effective length of the electrostatic precipitator [m]; 𝐻 – effective height of the 
electrostatic precipitator [m]; 𝑢 – transverse component of the flow rate of mechanical impurities 
[m/s]; 𝑣௘௙௙ – effective velocity of transformer oil in the electrostatic precipitator [m/s]. 

The transverse component of the flow velocity of mechanical impurities in the general case is 
expressed as follows: 𝑢 = 𝑢ா + 𝑣௝ + 𝑣ଵ, (18)

where: 𝑢ா − 𝐸଴ is the speed of transformer oil deviating from the main direction under the 
influence of the electric field; 𝑣௝ – velocity of transformer oil caused by the generated electric field 
and convection; 𝑣⫠ – convection and velocity perpendicular to the forced transformer oil flow: 

𝑢ா = 𝑘𝐸଴,       𝑣௝ = 𝑐 ∙ 𝑣𝜚 ቆ 𝑗𝜚ଷ𝑘𝛾𝑣ଶቇ௠ ,     𝑣⫠ = 𝑐଴ ∙ 𝑅𝑒ିଵଶ ∙ 𝑣଴,   (19)

where: 𝑚 – coefficient depending on the type of fluid flow, taking a value from 0.5 to 1. In 
particular, 𝑚 = 0.5 for turbulent flow, 𝑚 = 1 for laminar flow; 𝑗 = ூగௗబ௅ – characteristic value of 
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current density under the influence of turbulent flow (here: 𝐼 – current flowing through the 
conductor, 𝑑଴ – conductor diameter); 𝑐 – coefficient of proportionality (𝑐 ≈ 0,85); 𝑘 – mobility 
of charged particles generated by electroconvection; 𝜚 – characteristic size of transformer oil;  𝐸଴ ≈ ௎ద೐ – average field strength between the electrodes; Re – Reynolds number, 𝑅𝑒 = ௩బదఔ ; (𝑅𝑒 = 2320) boundary of turbulent and laminar flow; 𝑐଴ ≈ 1 empirical proportionality coefficient. 

If 𝑡 → ∞, then if we express Eq. (14) through Eq. (15), (16), (17) and (19), it will take the 
following form: 

𝜑ஶ∗ = 1 − 𝑐଴ 𝐿𝐻 𝑅𝑒௟ି ଵଶ − 𝐿 ൬𝑘𝐸଴ + 𝑐 𝑗𝜚ଶ𝑘𝜂 ൰𝐻𝑣଴ = (1 − 𝜓଴଴∗ ) − 𝐿 ൬𝑘𝐸଴ + 𝑐 𝑗𝜚ଶ𝑘𝜂 ൰𝐻𝑣଴ , (20)

where: 𝜓଴଴∗  – coefficient indicating the degree of purification of transformer oil from mechanical 
deposits, which, as experiments show, can increase to the value 𝜓଴଴∗ = 0,1 (equals  𝜓଴଴∗ + 𝜑଴଴∗ = 1) and is expressed as follows: 

𝜓଴଴∗ = 𝑐଴ 𝐿𝐻 𝑅𝑒ିଵଶ = 𝑐଴ 𝐿𝐻ඨ𝑣𝐵𝑄 . (21)

Taking into account the interpretation of Eq. (20) and Eq. (21), we obtain the following 
expression: 

𝜓଴଴∗ − 𝜑ஶ∗ = 𝑈𝑄 ∙ 𝐵 ∙ 𝐿𝐻 ቆ𝑘 + 𝑐 𝐼𝜚ଶ𝑈𝑘𝜂𝜋𝑑଴𝐿ቇ. (22)

If the voltage supplied to the electrostatic precipitator remains constant, then the values inside 
the parentheses of Eq. (22) remain constant, and the parameters 𝐵, 𝐿, 𝐻 outside the parentheses 
are also considered constant parameters. Accordingly, the following notations are introduced: 

𝑀 = 𝐵 ∙ 𝐿𝐻 ቆ𝑘 + 𝑐 𝜎𝜚ଶ𝑘𝜂 ቇ, (23)

from Eqs. (22) and (23), we obtain the following expression: 𝜑଴଴∗ − 𝜑ஶ∗ = 𝑈𝑄 ∙ 𝑀. (24)

If there is a sufficient cleaning time, i.e., 𝑡 → ∞, it becomes possible to compare the degree of 
cleaning of mechanical sediments with experimental results. For this, we will use the least squares 
method. 𝑈/𝑄 is not a linearly variable function, therefore we introduce the following notation for this 
ratio, let's say 𝑈/𝑄 = 𝜒. Thus, we express 𝜒௠ → 𝜒 through the relationship: 𝜑଴଴∗ − 𝜑ஶ∗ = 𝜒௠ ∙ 𝑀. (25)

If we logarithm this expression by exponent, we get the following expression: ln(𝜑଴଴∗ − 𝜑ஶ∗ ) = 𝑚 ln𝜒 + ln𝑀, (26)

where we introduce the following notations: ln𝜒 ≡ 𝑘; ln𝑀 ≡𝑛; ln(𝜑଴଴∗ − 𝜑ஶ∗ ) ≡ 𝑁. 
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If we add such markings as, then, according to the condition of the least squares method, we 
obtain the following expression: (𝑚𝑘 + 𝑛 − 𝑁)ଶതതതതതതതതതതതതതതതതതതതത = min(𝑚,𝑛). (27)

As a result, the equation of the dependence of the concentration of residual mechanical 
impurities on the transformer oil flowing through the electrostatic precipitator and the constant 
voltage applied to the electrostatic precipitator for purification was obtained. A mathematical 
model of efficient purification of transformer oil from various mechanical impurities using a 
constant electric field was developed based on the magnetic induction, length and surface density 
of the electrode, height and efficiency of the electrostatic precipitator, activity of charged 
impurities, oil consumption, mass and characteristic size, proportionality coefficient for turbulent 
and laminar flows, and the value of the applied constant voltage [13-16].  

4.2. Analysis of theoretical results based on the obtained mathematical expressions 

There is no feasibility of complete purification when it comes to purifying transformer oil of 
mechanical impurities with a constant electric field as indicated above. Consequently, through the 
theoretical research, we get the values of the function of the degree of oil purification of 
mechanical impurities with the consideration of the constant voltage and the transformer oil 
consumption in the MS Excel program [15-18]. To do this, we present the following preliminary 
parameters. Table 1 presents the initial values for determining the function of transformer oil 
purification from mechanical impurities under constant oil flow conditions. 

Table 1. Initial values for determining the function of the degree of purification  
of transformer oil from mechanical impurities in a constant mode of oil consumption Δ𝜑 𝜒 𝑚 𝑀 𝐻𝑒 𝑄 

0.831033 0.2 0.115 1. 1. 5. 
0.848642 0.24 0.115 1. 1.2 5. 
0.86382 0.28 0.115 1. 1.4 5. 

0.877187 0.32 0.115 1. 1.6 5. 
0.889149 0.36 0.115 1. 1.8 5. 
0.894695 0.38 0.115 1. 1.9 5. 
0.905052 0.42 0.115 1. 2.1 5. 
0.919058 0.48 0.115 1. 2.4 5. 
0.923382 0.5 0.115 1. 2.5 5. 
0.931591 0.54 0.115 1. 2.7 5. 
0.935495 0.56 0.115 1. 2.8 5. 
0.939278 0.58 0.115 1. 2.9 5. 
0.942947 0.6 0.115 1. 3. 5. 

To construct the graph of the dependence of mechanical impurities in transformer oil on the 
voltage supplied to the electrofilter, the transformer oil flow rate 𝑄, the coefficient 𝑀, and the 
parameter m (the power of 𝜒) were conditionally assumed to be constant. Based on the values 
presented in Table 1, the functional relationship graph shown in Fig. 1 was obtained. In this graph, 
a total of 14 voltage values arranged in ascending order are presented. As the applied voltage 
increases, the degree of purification of transformer oil from mechanical impurities at a given oil 
flow rate decreases; that is, supplying voltage above the optimal level has a negative effect on the 
purification efficiency [18]. 

According to the findings of the calculations, the theoretical studies demonstrated that the level 
of oil purification in transformers was (0.17 – 0.57) = 40 percent on average. This represents a 
gain of 16 percent in electrical power of the oil. 
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Fig. 1. Graph of the dependence of the degree of purification on the voltage and oil consumption 

4.3. Analysis of the practical results of the conducted experimental studies 

The experimental research was done in lab conditions and had the purpose of a practical 
evaluation of the transformer oil purification process with the help of constant electric field. 
Transformer oil was experimented on in an electrostatic precipitation equipment, which was 
designed specially, at different electric field voltages [17]. The extent of the reduction in 
mechanical impurity and moisture content of the oil was determined during the course, as well as 
the parameters of electrical conductivity and dielectric strength of the oil were re-evaluated. Fig. 2 
presents the processes of conducting experimental research and the analysis of the obtained 
results. 

   
Fig. 2. Transformer oil inspection process 

The results obtained are also compared to the theoretical model and conclude on the effect of 
constant electric field on the cleaning efficiency. With the help of this method, the effectiveness 
of the cleaning process and the state of transformer oil are traced and evaluated scientifically. 
Table 2 presents the oil filtration results of a mobile oil purification device. 

Table 2. Results of oil filtration of a mobile oil purification device 

S/n Transformers Trial name Preliminary result of 
transformer oil 

Result of oil purification in an 
electromagnetic filter 

1. TMJ 25 / 27.5 / 0.4 Electrical strength, 
kV 

27.2 29.2 
2. TM 25 / 6 (10) / 0.4 19.4 21.15 

Fig. 3 presents a general analysis of the results from practical and theoretical research on the 
electrical strength of transformer oil. 

Based on the obtained results, a practical study revealed that the breakdown voltage in 
transformers increased by an average of 21 %. A comparison of practical and theoretical studies, 
based on these results, showed a 5 % difference in the electrical strength indicator of the oil. 
Table 3 presents a comprehensive analysis of the oil’s electrical strength indicator, comparing the 
results of practical and theoretical studies based on the findings mentioned above. 

Fig. 4 presents a general analysis of the oil’s electrical strength indicator based on the results 
obtained from comparing practical and theoretical studies. 
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Fig. 3. General analysis of the results of practical and theoretical research of transformer oil 

Table 3. Based on the results obtained, a comparison of practical and theoretical studies  
was carried out on the basis of a general analysis of the oil's electrical strength indicator 

S/n Transformer 
motors Trial name 

Preliminary 
result of 

transformer oil 

Results of oil 
purification in an 

electromagnetic filter 
(theoretical) 

Results of oil 
purification in an 

electromagnetic filter 
(practical) 

1. TMJ 25 / 
27.5 / 0.4 Electrical 

strength, 
kV 

27.2. 29.2 30.6 

2. TM 25 / 6 
(10) / 0.4 19.4 20.15 21.2 

6. General 46.8 49.35 51.8 
 

 
Fig. 4. Analysis of the results of practical and theoretical correction of transformer oil 

The above data reveal that the finding of theoretical studies indicated that the level of 
purification of transformer oil was 40, the electrical strength of the oil was raised by 16 % and in 
practicals the findings on an experimental set up indicated that the electrical strength of the oil 
was raised by 21 %. The rationalization of this difference is due to the terms taken in the theoretical 
model (oil temperature, mechanical impurities distribution, electrodes shape and size, laminar or 
turbulent flow rate) [20-22]. The gap between the theoretical model and the practical outcomes is 
by 5 % percent that proves the adequate reliability of the model. Moreover, the effectiveness of 
the application of a constant electric field to enhance the dielectric properties of oil is practically 
proven by experiments carried out under the conditions of the laboratory. 

5. Theoretical solution 

The second section of the theoretical component of the study explained the motion of the 
charged particles in transformer oil under the action of a constant electric field in terms of the 
differential equations. According to this model, functional relationships between the strength of 
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the electric field, dielectric properties of the oil, and the particle density were established and the 
mathematical foundations of the purification process were worked out. The practical section 
involved experimental work done under laboratory conditions with the use of electrostatic 
precipitation apparatus. The theoretical model was practically proved by the comparison of the 
initial and after-purification parameters of the oil (electrical strength, moisture content, volume of 
mechanical impurities, dielectric losses). The findings enabled the enhancement of the 
dependability of transformers through the effective purification of transformer oil. 

6. Scientific novelty of the research 

– A mathematical model of a transformer oil purification process under the impact of a constant 
electric field has been created. 

– A new operational equation of the correlation between the electric field strength – oil 
consumption - concentration of mechanical impurities has been obtained. 

– It is proposed that an electrostatic precipitator operate in multi-parameter conditions, which 
are forced and free flow conditions, and consider laminar-turbulent flows, the Reynolds number, 
the components of the electroconvective velocity, distribution of bulk charges, and transverse 
mobility of mechanical impurities in the model. 

– A detailed strategy of the quantitative evaluation of the impact of temperature, humidity, the 
composition of the oil and the strength of the field to the cleaning process has been developed. 

– The dissimilarity in the theoretical model and the laboratory tests was discovered to be 
5 percent and the dependability of the formed model in practice was confirmed. 

– The degree of transformer oil purification with the use of the electrofiltration technology was 
set to have a maximum efficiency limit of 40 %. 

7. Conclusions 

1) Judging by the theoretical and practical studies carried out, the efficiency of the transformer 
oil purification under the constant electric field was tested. Based on the results of the theoretical 
modeling it was seen that the level of oil purification against the mechanical impurities is 40, and 
electrical strength of the oil rises by 16 % and based on the outcomes of experiments performed 
under the laboratory conditions, it was seen that the electrical strength rises by 21 %.  

2) The comparison between theoretical and practical outcomes has led to a conclusion that the 
difference in the electrical strength indicator of the oil is not more than 5 % and this fact proves 
the correctness of the formulated theoretical model. It was also determined that the environmental 
factors, including the temperature, humidity, electric field strength and the composition of the oil, 
have a serious impact on the purification process.  

3) The results received were suggested as a potential solution to the introduction of transformer 
oil electrofiltration technologies and the enhancement of efficiency of the transport energy 
infrastructure and a decrease in the risks of the work. 
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