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Water is considered as the working fluid of wet steam turbine units. The impor-
tance of a purposeful change in the thermophysical properties of water used for 
energy needs is indicated. A reagent-free method (transverse magnetic field of 
permanent magnets) of influence on water is proposed. Literature data on cur-
rently available papers dedicated to the study of water properties is presented. 
It is shown that the mechanisms of influence of external physical fields on the 
physicochemical and thermophysical properties of water have not been eluci-
dated as of now. It is emphasized that the properties of distilled water during 
exposure and after exposure to physical fields are even less studied. The cur-
rently existing contradictions between theoretical ideas about the properties of 
water and experimental results are considered. It was found that currently there 
are no correct methods and equipment capable of indicating changes in water 
properties in real time. As a solution, the equipment and method of analyzing 
the optical density of distilled water is proposed. The shortcomings of most ex-
isting experimental works on the study of the influence of physical fields on the 
optical density of water are analyzed. The requirements for devices intended for 
measuring the optical density of distilled water are formulated. A stand was 
made and experimental work on the study of the dependence of the optical den-
sity of distilled water on the induction of a magnetic field that affects it was car-
ried out. It is proved that the magnetic field affects the optical density of distilled 
water in the infrared range of wavelengths both in the direction of increase 
(4.1%) and in the direction of decrease (1.7%) depending on the induction of 
the magnetic field and the speed of water flow through the working section of 
magnetization device. A hypothesis explaining the obtained result is proposed. 

Keywords: magnetic field, optical density, magnetic field induction, distilled 
water. 

Introduction 
Water is the working fluid of wet steam turbine units. Its properties largely determine the design of the 

steam turbine and other elements of the wet steam turbine units to achieve maximum efficiency. The working 
body of the wet steam turbine unit in the liquid phase should have the lowest possible heat capacity, which 
brings the isobars in the T, S diagram as close as possible to the vertical, and its critical parameters to the 
maximum possible values. In this case, the thermal efficiency of the Rankine cycle will be quite high [1]. In the 
view of this, a purposeful change in the properties of the working fluid (in particular, the heat capacity) in the 
case of reagent or reagent-free exposure is of crucial importance. 

The decrease in the heat capacity of water during the dissolution of various physical substances in it is 
clearly illustrated in the handbooks on the thermodynamic properties of solutions [2]. Based on this fact, at the 
end of the 70s of the 20th century, A. I. Kalina proposed a new thermodynamic cycle that involves the use of a 
mixture of ammonia and water as a working fluid. The advantages of such a combination are the exothermicity 
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of the ammonia dissolution reaction in water, the low heat capacity of the ammonia solution, and the high endo-
thermicity of ammonia desorption from the aqueous solution. According to the scientist, the cycle makes it pos-
sible to convert about 45% of the heat used to produce electricity, while the famous Rankine cycle converts 
about 35%. At the same time, the efficiency of electricity production in terms of fuel increases by 20–28% [3]. 
However, during the practical use of the Kalina cycle, a number of technical difficulties that increase the cost of 
implementing this idea arise.  

Taking into account what has been said, the best both from an economic and an environmental point 
of view, in our opinion, is a reagent-free change in the properties of the working fluid of wet steam turbine 
units. One of the types of such influence is the magnetic field of permanent magnets. 

Magnetic treatment of water systems in technology was used at the beginning of the twentieth cen-
tury to prevent the formation of scale on the heating elements of steam engines and to influence the forma-
tion of crystals in supersaturated solutions [4]. Since the ease of use of this method was obvious, a large 
number of papers devoted to the study of this issue appeared. 

Currently, all theoretical studies on this problem can be divided into two large groups: 
1) the magnetic field affects impurities that are always present in water in different phase-dispersed states; 
2) the magnetic field directly affects the water properties. 
Experiments were carried out mainly on tap water or on specially prepared solutions [5, 6]. As for 

the study of the properties of distilled water during exposure and after exposure to physical fields, there is 
extremely little information about such experiments [7, 8]. Most likely, this is due to the lack of clear rec-
ommendations regarding the parameters of influence and the necessary measurable parameters of the water 
under study. Since in this paper we are dealing with distilled water, the hypotheses belonging to the first 
group must be considered with some caution in view of the fact that in any water, even the purest one, there 
are still foreign inclusions, although in minimal concentrations. In thermal power engineering, for example, 
the mechanism of the effect of a magnetic field on water is explained by the presence of ferromagnetic iron 
oxides in water, mainly magnetite, which is always present in water due to corrosion of pipes and other ele-
ments of water supply that lead to the formation of crystallization centers [5]. 

At the same time, theoretical physics gives a negative answer to the question of the possibility of im-
pact of, for example, a relatively strong magnetic field with intensity of ~105–106 A/m, not to mention weak 
fields, on water [9]. This leads to the conclusion that the properties of water before and after being in the field 
should be unchanged. Meanwhile, there are many experimental works [10–13], the results of which prove a 
change in the main physicochemical characteristics (such as pH, specific electrical conductivity, redox poten-
tial, density, viscosity, surface tension, optical density, heat capacity, structure, etc.) of water as a result of the 
influence of physical fields of various nature, which persist for a relatively long time (several tens of minutes). 

At the same time, the change in water properties that can be recorded with the help of measuring 
equipment, as a rule, does not appear immediately during the exposure of the field, but later, and the interval 
can change unpredictably. Based on this, in our opinion, the problem of reliable indication of the effect of 
external fields on water in the on-line mode is relevant. As an indicator, it is necessary to choose such a wa-
ter parameter, the change of which, as a result, will lead to changes in all other properties. We believe that all 
known properties of water are determined by the size of its clusters and the ratio of the number of free mole-
cules and molecules connected by hydrogen bonds in the cluster. As a method by which it is possible to es-
tablish a change in these parameters, an optical one is proposed, since now there are experimental data on the 
structure of water obtained through the use of optical methods. However, their hardware implementation and 
measurement methods do not allow achieving high speed and fairly high accuracy of results [14–17]. 

In our opinion, a common shortcoming of most existing experimental works on the study of the in-
fluence of physical fields on the optical density of water is that monochromatic emitters were used as a 
source of radiation. Because of this, the study of the optical density of water for different frequencies took 
place at different points in time. As a result, additional influencing factors were not taken into account, 
which inevitably led to an increase in the measurement error. Therefore, the question of the influence of 
physical fields on water, as well as on the nature of the changes that occurred as a result of this action, re-
mains and requires further study. 

The purpose of this paper is to develop a tool for operational indication of the effectiveness of the 
magnetic field. 
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Materials and methods 
A broadband emitter was used as a radiation source in the paper, and a set of selective sensors, each 

of which has a maximum spectral sensitivity at a certain frequency, was used as a receiver. At the same time, 
it is not at all necessary to determine the numerical value of the optical density. It is enough to induce a 
change in the output signals of the optical sensors by changing the factors of external influence, keeping the 
temperature of the water under study constant from experiment to experiment. 

 
Fig. 1. Functional scheme of the stand 

 
Fig. 2. Design of the optical sensor 

For research, a stand developed and manufactured at IPMach of the National Academy of Sciences 
of Ukraine was used. Its functional scheme is shown in Fig. 1. 

The stand is equipped with a measuring system consisting of the four temperature sensors of the wa-
ter under study, a magnetic field induction sensor and five radiation intensity sensors. DS18B20 digital sen-
sors were used as temperature meters. Such a large number of temperature sensors is explained by the sig-
nificant influence of this parameter on all water properties, without exception. Sensors were placed evenly 
inside the reactor frame. Each subsequent experiment was carried out under the condition that the readings of 
the sensors deviated by no more than ±0.5 °С. To control the environment, the stand was equipped with a 
weather station that monitors the atmospheric pressure and temperature of the surrounding air. 

Samplers are placed on the stand to ensure control of the physical and chemical parameters of water 
or its further treatment after physical exposure. 

The optical sensor of the stand is equipped with five sensors with maximum spectral sensitivity in 
the following parts of the spectrum: 254; 440; 540; 640; 940 nm. The design of the sensor is shown in Fig. 2. 
An analog-to-digital converter was installed for each sensor in the control unit. The magnetization device 
available on the stand has a range of adjustment of magnetic induction within 0–540 mТ. 

This range was divided into twenty-seven discrete points, i.e., a step change in magnetic induction of 
20 mT. A bactericidal ozone-free lamp PHILIPS TUV 30W 1SLV/25 was used as an emitter. 

The obtained information was processed by a personal computer in real time with the possibility of 
constructing graphs of selected criterion parameters. 

Magnetic induction was measured with an EM4305 tesla meter. Water consumption was determined 
by an LZS-25 rotameter. 

Distilled water was passed through a magnetization device with a variable value of magnetic induc-
tion at a certain rate. Then the water entered the reactor with the emitter, where, after it was filled, the flow 
of water stopped. After achieving the minimization of internal water flows in the reactor, the information 
received from the optical sensors and temperature sensors of water in the reactor was recorded on the hard 
disk of the PC. The average value of the voltage at the output of each optical sensor during the observation 
period was chosen as an informative parameter. The temperature change in the reactor did not exceed 0.5 °С. 
The experiment was repeated three times for each value of magnetic induction and water flow rate. The re-
sults of three repetitions were averaged and considered as the result of one experiment. 

Results and discussion 
The results of experimental studies are shown in the graph (Fig. 3). Given that the optical sensors 

that were used are not calibrated in absolute units of optical density, the results are given in units of the volt-
age determined at the output of the sensors. 

When processing the obtained data, it is necessary to take into account the fact that the voltage at the 
output of the sensors, strictly speaking, is not constant even if the extinction of electromagnetic waves by 
water is constant. This voltage varies within small limits (in this case ±0.5 mV) due to the presence of electrical 
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noise, and it can also change due to chaotic movements of water masses as a result of local heating when the 
ultraviolet emitter is turned on. Therefore, the change in voltage at the output of the sensors within the limits of 
±0.5 mV was not taken into account, and the output signal was considered unchanged. Studies have shown that 
the voltage at the output of the 254; 440; 540; 640 nm sensors does not change under any conditions of expo-
sure to water. In the view of this, these results were excluded from further consideration. The graph shown in 
Fig. 3 contains information obtained exclusively by the 940 nm sensor. 

The analysis of the obtained results showed that at water flows of 200 dm3/h and 600 dm3/h (this corre-
sponds to the speed of water flow through the gap of the magnetization device of 1.1 m/s and 3.3 m/s, respec-
tively) and magnetic field inductions of 80; 100; 240; 340–460 and 540 mT, the optical density of water in the 
infrared part of the spectrum changes significantly. Thus, only the 940 nm sensor showed a change in the out-
put signal that is two to five times greater than the electrical noise voltage. The output voltage of all other sen-
sors at all set water flows and magnetic field inductions did not exceed the noise, and it was not possible to de-
tect a useful signal. On the graph shown in Fig. 3, it can be seen that the dependence of the output signal of the 
sensor on the induction of the magnetic field mainly has a polyextreme character. Moreover, for the two above-
mentioned water flows, the change in the output signal of the sensor for the same induction of the magnetic 
field differs only by the magnitude of the noise signal. At inductions of 80; 100; 240 and 540 mT, an increase 
in optical density by 4.1% is observed (assuming that there is a linear dependence of the voltage at the sensor 
output on illumination), and in the range of inductions of 340÷460 mТ we see a decrease in optical density by 
1.7%. Range of 340–460 mT is interesting since the curve of the observed dependence has a fundamentally 
different form compared to other characteristic values of magnetic induction. In this case, the effect of polyex-
tremity is violated, and the change in the value of the optical density changes its sign to the opposite one. The 
following can be chosen as a working hypothesis to explain the obtained effect: the change in optical density is 
associated with a change in the size and number of water clusters due to the influence of certain hydrodynamic 
factors (water flow speed) in combination with magnetic treatment. 

Conclusions 
The magnetic 

field undoubtedly af-
fects the optical den-
sity of distilled water 
in the infrared range of 
wavelengths both in 
the direction of in-
crease (4.1%) and in 
the direction of de-
crease (1.7%) depend-
ing on the induction of 
the magnetic field and 
the speed of water 
flow through the 
working section of the 
magnetization device. 
We believe that this  

 
Fig. 3. Change in voltage at the output of the 940 nm sensor for different values  

of magnetic field induction and water consumption 

effect is determined by a change in the size of water clusters, their number, and the ratio of the number of free 
molecules and molecules connected by hydrogen bonds into clusters. 

A purposeful change in one of the physical properties of distilled water, namely optical density, 
should be accompanied by a change in all properties, including thermophysical ones. Based on this, the need 
to study changes in thermophysical parameters of water (heat capacity, heat of vaporization) under the influ-
ence of a transverse magnetic field is obvious. 

By measuring the optical density of water in the infrared range of wavelengths, it is possible to talk 
about the optimal setting of the magnetization device in real time. 
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Вплив магнітного поля на оптичну густину дистильованої води 

В. Г. Михайленко, Є. Ф. Лук’янов, О. І. Лук’янова, Т. С. Вітковська, О. Є. Хінєвіч 

Інститут проблем машинобудування ім. А. М. Підгорного НАН України, 
61046, Україна, м. Харків, вул. Пожарського, 2/10 

Розглянуто воду як робоче тіло паротурбінних установок. Позначена важливість цілеспрямованої зміни 
теплофізичних властивостей води, що використовується для потреб енергетики. Запропоновано безреагентний 
спосіб (поперечне магнітне поле постійних магнітів) впливу на воду. Наведено літературні дані про наявні в даний 
час роботи, присвячені дослідженню властивостей води. Показано, що на сьогоднішній день не з'ясовані механізми 
впливу зовнішніх фізичних полів на фізико-хімічні та теплофізичні властивості води. Наголошено, що властивості 
дистильованої води під час впливу і після впливу фізичних полів ще менш вивчені. Розглянуто наявні на сьогодні про-
тиріччя між теоретичними уявленнями про властивості води та експериментальними результатами. З’ясовано, 
що натепер відсутні коректні методи й обладнання, здатне в режимі реального часу здійснювати індикацію зміни 
властивостей води. Як рішення запропоновано апаратуру і методику аналізу оптичної густини дистильованої води. 
Проаналізовано недоліки більшості наявних експериментальних робіт з вивчення впливу фізичних полів на оптичну 
густину води. Сформульовано вимоги до пристроїв, призначених для вимірювання оптичної густини дистильованої 
води. Виготовлено стенд і проведено експериментальні роботи з дослідження залежності оптичної густини дис-
тильованої води від індукції магнітного поля, що на неї впливає. Доказано, що магнітне поле впливає на оптичну 
густину дистильованої води в інфрачервоному діапазоні довжин хвиль як у бік збільшення (4,1%), так і в бік змен-
шення (1,7%) залежно від індукції магнітного поля та швидкості потоку води через робочий переріз магнітного 
апарата. Запропоновано гіпотезу, що пояснює отриманий результат. 

Ключові слова: магнітне поле, оптична густина, індукція магнітного поля, дистильована вода. 
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The subject of research in the paper is the process of forming a criterion base to evalu-
ate the effectiveness of carrying out modification changes in a transport category air-
craft. The goal is to develop supporting criteria for making decisions regarding the 
expediency of modification changes, namely, during design, during production, and at 
the stage of its operation, at each stage of the life cycle of a new transport category 
aircraft. The complexity of the task lies in the need to develop a model for evaluation of 
the consequences of changing the aircraft for each stage separately, which would col-
lectively determine the integral effectiveness of its modification. To evaluate the effi-
ciency of basic aircrafts in operation, there are a number of economic indicators of 
their efficiency, in particular, the cost of an aircraft hour and the transportation of one 
ton of cargo per one kilometer, which are only partially taken into account when ana-
lyzing the efficiency of aircraft modifications, although in the case of aircraft transport 
category, specific cost criteria for the entire life cycle both for the base aircraft and for 
its modification is required. For their development, a method of estimating the cost of 
the entire life cycle of the aircraft is proposed, as well as a method of dividing modifi-
cation changes according to the parameters of the upper level (PMD), which is used at 
the stage of designing the devices, and the lower level (PPO) for the operational stage. 
On the basis of and taking into account the specifics of the specified methods, indica-
tors of additional labor costs that arise during the implementation of modification 
changes in the conditions of production and at the stage of aircraft operation have been 
developed. The proposed criteria take into account indicators of the transport efficiency 
of heavy aircraft modifications and the integral efficiency of the modification, taking 
into account the costs at all the main stages of the life cycle of the modification. The 
scientific novelty of the obtained results is as follows: the supporting criteria for the 
adoption of decisions regarding the expediency of modification changes at each stage 
of the life cycle of a new transport category aircraft are proposed, i.e. during design, 
under the conditions of production and at the stage of its operation. Such criteria will 
ensure the integral efficiency of the transport aircraft modification. 

Keywords: transport aircraft; base aircraft, aircraft modifications; aircraft efficiency 
assessment models. 

Introduction 
The process of creating modifications of transport aircrafts of all weight categories has developed 

widely. On the basis of the changes, the problem of continuously improving the productivity (flight and hour 
one) of this type of aircrafts is solved. 

This goal can be achieved by increasing three parameters: commercial load mcl, distance of transpor-
tation L and cruising speed Vcruise. 
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