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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 7, S diagram as close as possible to the vertical, and its critical parameters to the max-
imum 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. 1. 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 centu-
ry to prevent the formation of scale on the heating elements of steam engines and to influence the formation
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 ~10°-10° 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.

Reactor with optical and 440 nm sensor
temperature sensors 940 nm sensor 540 nm sensor

Magnetization device

Water flow "Input" Water flow "Output"
] -
\

Emitter quartz glass = 254 nm sensor

640 nm sensor

Fig. 1. Functional scheme of the stand Fig. 2. Design of the optical sensor

For research, a stand developed and manufactured at [PMach 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 signif-
icant influence of this parameter on all water properties, without exception. Sensors were placed evenly in-
side 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 °C. 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 mT.

This range was divided into twenty-seven discrete points, i.€., 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 °C.
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 dm*/h and 600 dm?/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 mT 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.
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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.

—a— 100 =--£--200

300 —e—400
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Fig. 3. Change in voltage at the output of the 940 nm sensor for different values
of magnetic field induction and water consumption
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BriimB Mar"HiTHOro moJist Ha ONTUYHY I'YCTHHY JHCTHJIHLOBAHOI BOIU
B. I'. Muxaiinenko, €. @. JIyk’sinos, O. L. JIyk’sinoBa, T. C. BitkoBcbka, O. €. XiHeBiu

IHcTutyT mpobaem mammHoOyayBanHs iM. A. M. Iliaropuoro HAH Ykpainu,
61046, Ykpaina, M. Xapkis, Byi. [loxxapcekoro, 2/10

Posenanymo 600y sk poboue mino napomypoinnux ycmanogox. Ilosnavena 6ax)ciusicms yinecnpamo8anoi 3minu
MENAoQI3UYHUX BIACUBOCEN 600U, WO BUKOPUCTNOBYEMbCS Ol NOmMped enepeemuruy. 3anponoHosano bespeaceHmuuil
cnocib (nonepeune mazuimue noie NOCMIUHUX MazHimie) enaugy Ha 6ody. Hasederno nimepamyphi 0aui npo HasA6Hi 6 OaHull
uac pobomu, npUcesyeHi dociodcentio gracmugocmell 6oou. Iloxasano, wo Ha cbO20OHIWHIT OeHb He 3'CO8aHI MeXaHi3MU
GNIUBY 306HIWUHIX QI3UUHUX NOJI6 Ha QI3UKO-XIMIYHI ma menao@izuyni enacmueocmi oou. Haeonowerno, wo énacmusocmi
OUCIUILOBAHOL 600U NIO YAC GNAUBY [ NICISL GNAUBY DIZUYHUX NOJI6 uje MeHu gusyeni. Pozenanymo nasemi na cbo200Hi npo-
MUPIYYs MIJIC MeOpemuyHUMYU YABIEHHAMU NPO GIACMUBOCHE 600U MA eKCHEPUMEHMATLHUMYU Pe3VTbmamamu. 3 aco8aHo,
wo Hamenep GIOCYMHI KOPEKMHI Memoou 1 0ONAOHAHHS, 30amHe 8 PEXCUMI PeaibHO20 4acCy 30IICHIO8amuU THOUKAYIIO 3MIHU
enacmusocmeil 600u. Ak piwieHHs 3anponoHo8anHo anapamypy i MemoouxKy anaizy ONMudHOT 2yCmuny OUCUIbLOBAHOT BOOU.
Tpoananizosaro nedoniku 6LILUOCHI HAAGHUX eKCNEPUMEHMATbHUX PODIM 3 GUSUEHHS GNAUBY (DI3UYHUX NOJ6 HA ONMUYHY
eyemuny 60ou. Chopmynbo6ano sumou 00 NpUCMpois, NPUSHAYEHUX O/s GUMIPIOBAHHSL ONMUYHOT 2YCIMUHU OUCIUTLOBAHOL
600u. Bueomoeneno cmeHo i npoeedeHo eKcnepumMeHmatbHi pobomu 3 00CIONCEHHS 3AIeHCHOCHE ONMUYHOT 2YCMUHU Ouc-
MUIbOBAHOL 600U 610 THOYKYIL MACHIMHO2O NOJS, WO HA Hel niusac. JJoKa3aHo, wo MAacHimHe noje 6NIUeae Ha ONMuUuYHY
2YCMUHY OUCMUILOBAHOT 600U 8 THPPaAUEPEOHOMY OIaNA30HI V0BXHCUH XU 5K Y OIK 30inbuents (4,1%), mak i ik 3meH-
wenns (1,7%) 3anedicHo 6i0 iHOYKYIT MASHIMHO20 NONAL MA WEUOKOCII NOMOKY 600U Hepe3 pobouuil nepepiz MAaeHimHO20
anapama. 3anponoHo8aHo 2inomesy, Wo NOACHIOE OMPUMAHUIL pe3yTbmanm.

Knrouoei cnosa: macnimue noie, onmuyHa 2ycmuna, iHOYKYis MAaeHimHO20 NoJis, OUCTNUTLOBAHA 600d.
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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 aircrafi and for
its modification is required. For their development, a method of estimating the cost of
the entire life cycle of the aircrafi 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 aircrafi 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 aircrafi, aircraft modifications, aircraft efficiency
assessment models.

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 m., distance of transpor-
tation L and cruising speed Verise.
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