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IMPROVEMENT OF MAGNETOHYDRODYNAMIC
THRUSTER COMPONENTS FOR LITTORAL VESSELS

Littoral zones of the World Ocean act as key regulators of a wide range of
natural processes, including the accumulation and storage of moisture, atmospheric
carbon absorption and sequestration, the release of oxygen back into the atmosphere,
regulation of surface and subsurface runoff, stabilization of groundwater levels, and
participation in climate formation processes — particularly precipitation patterns, air
humidity, and temperature regimes. In addition, these zones play a crucial role in
preventing and mitigating erosion processes, maintaining and conserving biological
diversity, forming habitats for various species of flora and fauna, including rare and
endangered species, and supporting the preservation and development of traditional
forms of natural resource use.

Situated at the interface between two environments — land and water — where
biological activity is most intense, littoral zones play an exceptionally important role
within the biosphere. They concentrate a significant proportion of the planet’s
biomass and exhibit a high level of biodiversity. The ecological condition of these
areas determines the development potential of many types of maritime and coastal
economic activities and requires maximum efforts by humanity to ensure their
preservation and to mitigate the technogenic impact of coastal and littoral navigation
vessels [1].

Magnetohydrodynamic (MHD) thruster systems represent a modern and
environmentally friendly approach to marine propulsion of littoral vessels and may
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serve as an alternative to conventional propulsion technologies. By utilizing
electromagnetic fields to generate thrust, such systems are characterized by low
acoustic and mechanical emissions, thereby minimizing their environmental
footprint. This makes MHD thruster systems a promising solution for future
commercial and environmentally sensitive maritime operations. However,
widespread implementation of this technology is still constrained by several
significant scientific, technical and economic challenges.

Many of the issues that previously limited the large-scale adoption of MHD
thruster systems have already been addressed. In particular, the generation of strong
magnetic fields within MHD thrusters is now achieved through the application of
high-performance rare-earth-based electromagnetic systems. Furthermore, over
recent decades, the costs associated with the manufacturing, installation, and
maintenance of complex equipment — including high-power electromagnets and the
corresponding onboard energy infrastructure — have decreased substantially [2 - 4].

However, in the development of MHD thruster designs, a number of critical
scientific and technical challenges still remain unresolved. The main issues include
the following:

1. Development of superconducting materials with high critical parameters,
as well as electromagnets based on these materials, capable of generating magnetic
flux density of at least 10 T.

2. Design of effective corrosion protection system elements, taking into
account the specific structural features of the current-carrying conductors and their
cooling conditions.

3. Ensuring reliable compensation of electrodynamic forces acting within the
windings of high-power electromagnets.

4. Development of compact and highly reliable cryogenic systems, including
cryostats, compressors, heat exchangers, and expansion devices for the working
fluid.

5. Design of reliable control systems capable of maintaining stable and
efficient operation of the MHD thruster under variable vessel speeds.

6. Development of technologies for the removal of seawater electrolysis
products, aimed at minimizing noise generated by pulsating gas bubbles released
during operation [5 - 9].

Among the identified challenges, the most critical is increasing the durability
and service life of MHD thruster components. Electrodes and other elements are
subject to corrosion and wear due to prolonged contact with an aggressive marine
aqueous environment and exposure to high electric currents. This issue is common
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to nearly all types of MHD thrusters.

At present, several circuit and layout configurations of MHD thrusters are
known. Among them, the conduction-type channel MHD thruster appears to be the
most promising candidate for further modernization. This MHD thruster (Fig.)
consists of a flow channel (1), the geometric shape of which is optimized to
minimize the surface-to-volume ratio, since hydrodynamic losses are directly
dependent on the wetted surface area.

For this reason, channel-type MHD thrusters with linear channels of
rectangular or circular cross-sections, as well as helical channels, are considered.
Studies show that for a fixed channel length L, the cross-sectional area S
significantly affects the overall efficiency only when S < 10 m2.

Fig. Schematic diagram of a conduction-type channel MHD thruster

The channel walls are electrically conductive and function as electrodes,
supplied with electrical power from a generator. The magnetic flux lines of a
uniform external magnetic field, generated by a direct-current electromagnet, pass
through the channel walls equipped with magnesium oxide electrical insulating
blocks. The channel includes an inlet diffuser and an outlet nozzle, through which a
water mass flow rate passes depending on the ambient hydrostatic pressure and
dynamic pressure, determined by the immersion depth of the MHD thruster and the
vessel’s speed.

When a direct voltage is applied to the electrodes from a power source, such as
an MHD generator, an electric current is induced in the seawater within the channel,
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with its current density governed by Ohm’s law for moving conductive media. As a
result, mechanical energy is transferred to the water flow and is utilized both for
thrust generation and for compensation of hydrodynamic losses. Thrust is generated
due to the change in momentum of the water mass at the inlet and outlet of the MHD
thruster:

mV, at the inlet and m(V, + W,) at the outlet.

The principal advantage of the channel-type MHD thruster lies in the
minimization of stray magnetic and electric fields, since the electromagnetic forces
are generated and act exclusively on the seawater confined within the limited
volume of the flow channel [10].

The main disadvantages of propulsion systems employing channel-type MHD
thrusters include the necessity of using electrodes manufactured from zirconium
dioxide (ZrO:) blocks.

The cost of zirconium dioxide (ZrO:) in Ukraine currently ranges from
approximately 1,000 to 1,680 UAH per kilogram, depending on the supplier and
procurement conditions [11]. A potential alternative to the expensive zirconium
dioxide is silicon carbide (SiC). On the Ukrainian market, the price of silicon carbide
is approximately 300 UAH per kilogram [12].

Silicon carbide exhibits high chemical stability; however, at temperatures of
around 290°C, its behavior strongly depends on the surrounding environment,
including steam, acidic media, molten salts, and various gaseous atmospheres.

At approximately 290°C, when SiC is exposed to water and steam, oxidation
occurs with the formation of a thin SiO. surface layer. In the presence of acidic or
alkaline impurities (e.g., NaOH, HCI), the corrosion rate increases significantly. In
pure water or steam environments, the degradation rate remains relatively low;
however, prolonged exposure may result in the growth of the oxide layer and the
formation of microcracks. In gaseous environments containing SO, H2S, or Clz at
290°C, surface oxidation and chlorination processes are initiated. Sulfur-containing
gases promote the formation of SiS, leading to progressive surface degradation.

Among the possible protection strategies, the most effective methods include
pore sealing, the application of CVD/PECVD protective coatings, or environmental
barrier coatings (EBCs) based on rare-earth silicates (Table).

The CVD (Chemical Vapor Deposition) and PECVD (Plasma-Enhanced
Chemical Vapor Deposition) techniques are based on thin-film deposition of
protective coatings. However, glass-based protective coatings exhibit vulnerability
to alkaline environments. The application of rare-earth silicates is constrained by
several factors, including their high cost and limited availability of raw materials,
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the complexity of synthesis and large-scale production, thermodynamic instability
in aggressive environments, as well as increased brittleness and non-uniformity of
material properties.

Table
Comparison of key protection approaches
Method Environment / Protection Advantages Limitations
Temperature mechanism
Dense a-SiC | Universal Minimal High chemical | More complex
without free Si application, porosity, resistance, low | manufacturing
1200 ... 1600°C | formation of a | gas process
stable Si02 | permeability
scale in dry air
Elimination of free | Molten metals | Removal of the | Significantly Requires
Si (avoid RB-SiC) readily reduces modification of
corroding phase | corrosion in | manufacturing
metallic melts | technology
Pore sealing 800 ... 1200°C, | Closure of | Rapid method | Glass phase
moderately capillaries, to extend | softens above
aggressive formation of a | service life 1200 °C,
gaseous smooth surface vulnerable  to
environments alkaline media
CVD/PECVD  SiC | Air / inert gas, | Chemically Excellent Requires an
coatings up to | identical, dense | adhesion  and | additional EBC
1400...1500°C | diffusion barrier | thermal stability | top layer in
steam or
alkaline
environments
S1:N4 coatings Air / inert gas, | Formation  of | Effective Degraded by
1000 ... 1300°C | SiOz; nitride | oxidation water vapor and
layer  retards | protection alkalis;  EBC
oxidation layer required
EBC (rare-earth | Steam, alkaline | Low volatility | Standard Requires
silicate media, sulfates, | in H20, high | solution for | multilayer
environmental 1000...1400°C | alkali resistance | SiC/SiC architectures
barrier coatings) composites in | and strict
turbine control of CTE
applications matching
Aluminizing Sulfates /| Formation of a | High chemical | CTE
vanadates, stable a-ALOs | resistance  to | compatibility
chlorides protective scale | molten salts issues; cracking
risk under
thermal cycling
Boriding / carbo- | Limited Chemically Hard protective | Difficult to
boride layers (B4C) | protection  in | stable  boride | barrier achieve defect-
molten phases free layers;
environments sensitive to
thermal cycling
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Table continuation

Atmosphere control | Universal Reduction  of | Highly reliable | High cost and

(p(H20)/p(02)) oxidation rate | mitigation infrastructure
and Si0O: | approach requirements
volatility

Considering the current practical and economic conditions, it is deemed
expedient to manufacture protective electrode coatings for channel-type MHD
thrusters based on silicon carbide deposited on an artificial sapphire substrate [13 -
15]. For the deposition of the protective layer, well-established CVD and PECVD
techniques are proposed.

Artificial sapphire exhibits exceptionally high chemical resistance. It is inert to
the majority of acids and alkalis (including HCI, H2SO., and HNOs) even at elevated
temperatures, retains its optical and mechanical properties at temperatures up to
1600°C, and undergoes virtually no structural degradation.

The material maintains its crystalline structure in concentrated NaOH and
KOH solutions, although under extreme conditions superficial matte corrosion may
occur. Artificial sapphire is resistant to strong oxidizing agents (e.g., H202, Cl),
does not react with organic solvents, oils, or hydrocarbons, and remains stable in
oxygen, hydrogen, and inert gas atmospheres at high temperatures.

In addition, the use of optically transparent artificial sapphire enables its
integration into the ship-wide information and measurement system based on fiber-
optic technologies. Such systems allow the detection of defects at their early
initiation stages and provide continuous diagnostics and long-term monitoring under
the destructive influence of operational factors. Systems of this class make it
possible to integrate a wide range of fiber-optic sensors into a unified network using
next-generation optical fibers [16 - 27]

The implementation of integrated information and measurement systems,
supplemented with artificial intelligence—based analytical capabilities, significantly
enhances the reliability of assessments of both the technical condition of an
individual vessel and the operational status of a shipping company in terms of
competitiveness, profitability, and overall performance [28].

References:

1. Canmrep, A., TropikoBa, O., & Onpuko, M. (2025). IHTET'PALLA T'TAPOJIOITYHUX OBEKTIB Y MICBKY
EKOCHUCTEMY. Collection of scientific papers «SCIENTIA», (April 18, 2025; London, England, UK), 240-247.

2. Bbypmamos, B. (2025). ITPOITYJIbCUBHUII KOMIIJIEKC JIITOPAJIBHUX CYJAEH IIOJBIMHOIO
IMPU3HAYEHHSI. Collection of scientific papers « AOI'OZ», (August 1, 2025; Seoul, South Korea).

3. Coelho, A., Issac, V. D., & Shameem, A. N. Harnessing Magneto Hydrodynamic Propulsion: A Path Toward
Sustainable Commercial Shipping.

4. Under editorial Supervision of Yohei Sasakawa n.d. “Yamato-1". URL:
https://www.spf.org/en/_opri_media/publication/docs/yamato-1.pdf#

345 |


https://www.spf.org/en/_opri_media/publication/docs/yamato-1.pdf

I The current state of development of world science: characteristics and features e

5. EmenssnoB, H. ®@. Cynoeie Marautoruapoauaamudeckue (MI']]) nemwxutenu. — BraguBoctok: JanbpeIOBTY3,
2000. - 23 c.

6. Purwati, W., Atmojo, S. P., Margana, M., Suwarti, S., Prasetiyo, B., & Khoiroh, I. (2022). Performance of
Magneto Hydro Dynamic (MHD) as a Power Generation Support Tool. Eksergi, 18(2), 137-141.

7. Popkukos, K. B., & I'onuapos, B. 1. (2018). MarautorunpoauHaMuueckue ABIKUTeNnd. IlpuHnun neiicteus u
HepCreKTHBHBIE 00acTH npuMeHeHus. [IpobiemMbl coBpeMeHHO Hayku 1 obpaszoBanus, (1 (121)), 12-15.

8. AmanmeipagoBa, Y., I'ypbanoBa, T., KakareamueBa, A., & Axmammenos, JI. (2024).
MATHUTOI'NAPOJUHAMMUYECKOE ITPEOGPA3OBAHUE SHEPTUN: TIPUHIUIIBI, TEXHOJIOT MU U
[EPCIIEKTHUBBI. CETERIS PARIBUS, (11), 48-50.

9. Hanf, M., Brinkmann, A., Deissenberger, A., Stenzel, V., & Kaminski, N. (2024, June). Corrosion Resistant
Packaging for Power Semiconductor Modules—Modified Insulation Materials for Contaminated Environments.
In PCIM Europe 2024; International Exhibition and Conference for Power Electronics, Intelligent Motion,
Renewable Energy and Energy Management (pp. 351-360). VDE.

10. Biscay, N., Henry, L., Adschiri, T., Yoshimura, M., & Aymonier, C. (2021). Behavior of silicon carbide materials
under dry to hydrothermal conditions. Nanomaterials, 11(5), 1351.

11. Jioxcun mupxonito. URL: https://www.systopt.com.ua/item-dyoksyd-tsyrkoniyu-tsyrkoniyu-dvookys.

12. Kap6in kpemuito. URL:https://snabhim.com.ua/uk-ua/karbid-kremniya.

13.Canmiiep, A. K. (2019). UyBCTBUTENBHBIN 3JEMEHT BOJIOKOHHO-ONTHYECKOTO aKcelepoMeTpa Ha OCHOBE
cangupororo crekina. CYTHOBA EJIEKTPOIHXXEHEPIA, EJIEKTPOHIKA I ABTOMATUKA, 28.

14. Spratt, W. T., Huang, M., Jia, C., Wang, L., Kamineni, V. K., Diebold, A. C., & Xia, H. (2011). Formation of
optical barriers with excellent thermal stability in single-crystal sapphire by hydrogen ion implantation and
thermal annealing. Applied Physics Letters, 99(11).

15. Ompumikxo, M. O., Kapminos, O. FO., Cananep, A. K., & ®@inin, B. M. (2022). 3acTocyBaHHS HOBITHIX MaTepiajiB
JUII CTBOPCHHS €JIEMCHTIB KOMOIHOBAHHX EJCKTPOCHEPTETUYHHX YCTaHOBOK 3 BiTpopymiemM. CY/IHOBA
EJIEKTPOIHXXEHEPIA, EJIEKTPOHIKA I ABTOMATHKA, 169.

16. Budashko, V., Sandler, A., & Shevchenko, V. (2022). Optimization of the control system for an electric power
system operating on a constant-power hyperbole. Eastern-European Journal of Enterprise Technologies, 1(8), 115.

17. Budashko, V., Sandler, A., & Shevchenko, V. (2022). Diagnosis of the technical condition of high-tech complexes
by probabilistic methods. International Journal on Marine Navigation and Safety of Sea Transportation
(TransNav), 16(1), 105-111.

18. Sandler, A., & Budashko, V. (2022). Improving tools for diagnosing technical condition of ship electric power
installations. Eastern-European Journal of Enterprise Technologies, 5(5), 119.

19. Cananep, A.K. (2016). BOJJOKOHHO-OIITUYHUI TYHEJIbBHUN JATUYUK CTPYMYVY.".AKTYAJIbHI
MMUTAHHS CYIHOBOI EJIEKTPOTEXHIKHU I PAJIOTEXHIKH, 25.

20.Canmnep, A.K., & Uwomko, 0. M. (2017). BOJIOKOHHO-ONTHYHHNA [ATYHUK EIEKTPOCTATHIHOTO IIOJIS.
ABTOMAaTH3aIMSI CYTOBBIX TEXHUUECKUX CPEICTB, (23), 84-89.

21.Cannmnep, A., & Hymrepos, J. (2025). 3aci6 3aXuCTy CYOHOBHX EIIEKTPOMEpEX BiJ] KOPOTKUX 3aMUKaHb.
Collection of scientific papers «SCIENTIA», (October 17, 2025; London, England, UK), 145-150.

22.Cannnep, A. K., & Kapnuos, A. FO. (2019). BonmokoHHO-ONITHYECKas CHCTeMa KOHTPOJIS TATH ra30TypOMHHBIX
neurareneit. Automation of Technological & Business Processes/Avtomatizacida Tehnologiceskih i Biznes-
Processov, 11(3).

23.Cangnep, A., & 3y6ak, /. (2025). BOJJOKOHHO-OIITUYHUI JATUYMK KOHTPOJIS ITAPAMETPIB
EJIEKTPOEHEPTETUYHUX CUCTEM. Collection of scientific papers «SCIENTIA», (October 24, 2025;
Florence, Italia), 122-126.

24.Canmnep, A.K., & Ompumko, M. O. BonokoHHO-ONTHYHHI 3aci0 3aXHUCTy CYJHOBHX eleKTpoMmepex. In
Integration of Education, Science and Business in Modern Environment: Winter Debates: Proceedings of the 4th
International Scientific and Practical Internet Conference, February (pp. 23-24).

25.Canmnep, A. K., Lronko, 0. M., & Kamenepa, A. B. (2016). CxeMOTexHiIYHE pilllcHHS NaTYMKA IIBHIKOCTI
MOTOKY. ABTOMATH3aIUs CyIOBBIX TEXHUIECKUX CPECTB, (22), 86-91.

26.Sandler, A., Romanovska, O., Palagin, O., & Tymchynskyi, N. (2025). Fiber optic pH meter for ballast water
control. Matepianu xoadepentnizt MIITH/I, (10.10. 2025; Cymu, Ykpaina), 228-236.

27.Canmnep, A., & Omenpuenko, T. (2025). 3BACTOCYBAHHS HOBITHIX THUIIIB OIITUYHOT'O BOJIOKHA
YV HABITALIIMHUX MIJIBOAHNUX BE3IIJIOTHUX AITAPATAX. Collection of scientific papers «tAOTOX»,
(April 4, 2025; Paris, France), 214-221.

28.Kysbmenko, K., & Canmiep, A. (2024). OCOBJIMBOCTI ®OPMYBAHHA TPYJOBUX PECYPCIB B
VMOBAX ABTOMATHM3AIIl CYIEH. Collection of scientific papers «AOI'OX», (March 29, 2024;
Cambridge, UK), 79-81.

| 346


https://www.systopt.com.ua/

