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In this paper, the hydromagnetic propulsion system in marine application is taken into
account. If the conduction fluid channel is exposed to a magnetic field and an electric field
perpendicular to the fluid flow, under the interaction of electric current and magnetic field,
a force is generated to flow the fluid, which is the basis of hydromagnetic propulsion
systems. Hydromagnetic propulsion systems have a variety of applications which the most
important ones are molten metal transfer system, small hydromagnetic pumps and marine
propulsion system. Therefore, in this research, a literature review is performed and 70 valid
scientific references in this field are studied and presented. Various classifications of the
hydromagnetic thrust system are presented based on the installation location, type of
electric field, type of fluid conducting channel, etc. The operating applications of
hydromagnetic thrust systems are presented for all types of marine and submarine cargos.
This paper can be a benchmark for future researches on hydromagnetic propulsion systems.

Extended Abstract

1. Introduction

The magnetic hydrodynamics (MHDs) is related to flow of electrically conductive fluid such as seawater, under

I I ydromagnetic propulsion is one of the newest and most efficient propulsion systems employed in marine industries.

perpendicular magnetic electrical fields. The science of magnetic magneto-hydrodynamics is originated since 1930
[1]. One of the applications of hydromagnetic systems is related to marine hydromagnetic thrusters. In this type of propulsion
systems, there is no moving parts such as propellers and due to the interaction of electric field and magnetic field, seawater
flows in a channel and generates thrust for surface and subsurface marine vehicles.
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Figure 1. Hydromagnetic thruster [6]
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2. Advantages of hydromagnetic thruster

Hydromagnetic propulsion system exhibits various advantages over their conventional marine propulsion systems and is
used as the thruster of the surface and subsurface vessels in developed countries. Some of the advantages of this type of
propulsion system are:

e In this system, common rotating components such as mechanical impellers, shafts and gearboxes are removed which
result in reducing mechanical vibrations and floating acoustic noise.

e Despite of the high speed limit in propellers and cavitation phenomenon, the hydromagnetic thruster does not have

these limitations.

By removing the impeller and engine, the weight of the thrust system is greatly reduced.

Compared to propeller drive system, maintenance costs are significantly reduced.

Compared to common marine thrust systems, it has less resistance force.

To install the common propulsion systems, the body have to be drilled, which in turn decreases the sealing and

decreases the safety of the body. In contrast, the hydromagnetic thruster has flexibility in design and construction.

e In an emergency, there is some energy stored in the magnet of the hydromagnetic thrust system that can be used to
move the marine vehicle. Therefore, it can also be considered as an emergency drift system.

2.1. A survey on marine hydromagnetic propulsion

The first idea of using the hydromagnetic propulsion system in marine applications was first proposed by Rice in 1961 [7].
The first practical concept of hydromagnetic marine thruster was proposed by Phillips [8]. Way [9] also designed and built a
10 feet long, 900 pound submarine driven by a hydromagnetic thruster with a 0.015 Tesla magnetic field and a 30-volt power
supplier.

With the advent of superconducting materials, it became possible to create medium and large magnetic fields for magnetic
hydrodynamic propulsion systems. Recent research has made it possible to fabricate superconducting magnetic materials with
strength of 6 to 10 Tesla. Saji and Iwata [ 14] built the first ship model with a superconducting hydromagnetic propulsion system
called the ST-500 in 1980. The model was a 12 feet long wooden ship which could reach a speed of 2 feet per second. Swallom
et al. [15] studied detail performance of the hydromagnetic propulsion systems for submarines. They expressed the internal and
external configurations of the thruster and presented various arrangements of the thrust system on the submarine. Moreover,
they developed a mathematical model of fluid flow in the duct for the hydromagnetic propulsion system.

Meng [16] analyzed a submarine with a water jet propulsion system combined with an auxiliary hydromagnetic thruster.
The magnetic field included a superconducting coil with a liquid helium cooling system. He [17] also studied a submarine
propelled by a hydromagnetic thruster.

Furthermore, extensive researches on hydromagnetic propulsion systems were conducted by the JAFSA Research Center
in Japan, which led to the construction of three marine models [25]. The first model with a length of 3 meters had a thrust
system with a power of 1.2 Tesla and a voltage of 48 volts and reached a speed of 1.8 kilometers per hour. Regarding to two
decades research and development of the propulsion system in Japan, Lin [26] studied the design and construction of a model
ship with a hydromagnetic propulsion system and introduced a model ship called the YAMATO-1. In this ship, two magnetic
propulsion systems were placed on the bottom and sides. Each propulsion system consisted of 6 hydromagnetic annular
channels which had separate superconducting magnets and electrodes.
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Figure 2. A submarine with MHD thruster [17] Figure 3. YAMATO-1 ship |26]

This model ship was 30 meters long, 10 meters wide and 3.5 meters high. Its speed is about 8 knots and each propulsion
system generated about 8,000 Nm of Lorentz force under a 4 Tesla magnetic field and a current of 4,000 amps. Motorola et al.
[27] continued research and development on the Yamato in 1985 and performed the first sea test in October 1991. Takzawa et
al. [28] also studied the performance of Yamato 1 superconducting hydromagnetic thrusters. They described the dimensional
and functional characteristics of the model ship and propulsion system.

Doss and Geyer [33] studied superconducting magnets for marine applications of hydromagnetic thrust systems. They
proposed a one-dimensional model to describe the hydromagnetic thrust. The results showed that the efficiency of the system
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increases with increasing magnetic field strength and thrust channel diameter. In [34], design and simulation of magnetic
hydrodynamic pumps were studied for marine application. Also, basic governing equations of the thrust system were presented.
Aoki et al. [36] analyzed the fluid flow in the rectangular hydromagnetic thrust channel. They combined Navier-Stokes
relationships for fluid with Maxwell relationships, and modeled Lorentz forces under the influence of the electromagnetic field.
Three-dimensional numerical simulation of a hydromagnetic thrust system was also compared with experimental results.

In [38], an experimental study on the interaction of electrolysis and hydrodynamics in hydromagnetic thrust systems was
investigated. Results showed that the electrolysis of microbubbles had little effect on the flow and electrolysis could be
controlled. Mitchell and Gubser [39] studied ship propulsion using a superconducting hydromagnetic propulsion system. They
studied high-temperature superconducting magnets and showed that for speeds of 40 knots with a 5 Tesla magnetic field, the
system efficiency would be above 50%. Therefore, the construction of high-powered electric machines and magnets allows
high-speed motion. Chekab and Ghadimi [45] investigated the effect of hydromagnetic channel curvature on the efficiency of
the thrust system in a relatively weak magnetic field. They presented a numerical solution for the longitudinal and lateral
curvature of the hydromagnetic duct and its effect on its thrust and efficiency. They showed that negative curvature increases
the thrust force and longitudinal curvature changes the thrust force.
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Figure 4. Hydromagnetic thruster [36] Figure 5. Hydromagnetic thruster [45]

Cébron et al. [60] theoretically and experimentally analyzed a magnetic hydrodynamic ship model to prove the Lorentz
force and fluid flow. They compared theoretical and experimental results. The channel length of the thrust system was about
10 cm and the magnetic field strength was about 1 Tesla and the 3-cell lithium battery was used.

3. Conclusion

In this paper, the hydromagnetic propulsion system is considered for marine application. Hydromagnetic systems have a
variety of applications which the most important ones are: molten metal transfer system, small hydromagnetic pumps and
marine propulsion system. Therefore, in this research, a literature review on hydromagnetic propulsion system in marine
application has been done and 70 valid scientific researchers have been studied and presented. Also, the types of hydromagnetic
thrust system classifications were presented based on the installation position, type of electric field, type of fluid duct, etc.
Moreover, the functional range of the hydromagnetic thrust system for different types of surface and subsurface vehicles was
stated. By reviewing various articles, it was shown that in general, the hydromagnetic propulsion system is divided into three
categories: small ones used in micropumps, medium category used in AUV and ship models and heavy ones used in ships and
submarines.
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