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Abstract

Magneto Hydrodynamics is studying of high-temperature plasmas
exposed to strong electromagnetic field. Also, it is used to obtain an
electrical power. This paper proposes a simple model of MHD
generator. Moreover, efficiency of different configuration of this
generator is obtained by this model. Also, this paper compares
different configurations of Faraday generator with the Hall generator
based on their isotropic efficiency. Moreover, this model considers the
effect of Hall Effect (lon slip) on the efficiency. This analysis proof
that Hall Effect decrease the efficiency in Faraday generator but
increase the efficiency in the Hall generator.
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Numinicalature:

V, Electron Drift Velocity

v, x-Direction of electron drift velocity
v, y-Direction of electron drift velocity
Vv z-Direction of electron drift velocity

u Fluid velocity
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Mobility
B. Hall Number
J Current
E Electrical Field
B Magnetic field strength
o, Electrical conductivity
K Load Factor

1 Introduction

Magneto Hydrodynamics (MHD) is a study of high-temperature plasmas exposed
to strong electromagnetic fields to obtain an electrical power generation. The
MHD governing power generation deals specifically with the flow of combustion
plasmas in the presence of magnetic fields. The combustion plasmas are generated
by burning a fuel in a high-pressure combustor and the introduction of an easily
ionizable substance.

The generation of electric power using MHD schemes with an ionized gas as the
working fluid has been considered in considerable detail [1], [2] and a number of
small-scale, experimental studies have been reported [3], [4]. Gas-dynamic MHD
machines are appropriate for open-cycle systems where seeded combustion gases
serve as the moving conductor; the objective is to gain a significant performance
improvement over that of presently available steam power plants.

For closed-cycle systems in which the source of thermal energy is likely to be a
nuclear reactor, both ionized gases and liquid metals may be considered as
possible working fluids for the MHD generator duct. The temperature limitations
imposed by current reactor technology are such that adequate gas conductivity
only can be obtained by some scheme such as nonequilibrium ionization, but the
conductivity of liquid metals is sufficiently high to enable them to be utilized
directly. The liquid-metal MHD generator may be arranged to deliver either
alternating or direct current.

Various pulsed MHD generators have been constructed and operated to produce
electrical power pulse generation. This was a combustion-driven MHD pulse
power system. This MHD power system type is fired by an independent high-
pressure high-temperature combustor to produce high-velocity plasma. The new
development on MHD power generation is used for aerospace applications [5], [6].

At very high magnetic fields relative to then gas pressure the positive ions
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deflected like as electrons. But because of larger mass of positive ion, they
migrate in larger curve lateral path. This phenomenon (Hall Effect) affect on the
efficiency of MHD generator.

MHD generator can be categorized in different configuration. This paper uses the
isotropic efficiency as an index to compare these configurations in presence of
Hall Effect.

You will be found the electrodynamics of MHD generator in the second segment.
The efficiency of different configuration will be discussed in the third segment.
Moreover, final segment analyze the equation of third part and will be shown their
results.

2 Electrodynamics of MHD Generator

The basic MHD generator duct and the coordinate system are shown in Fig.1. The
gas flow is in the x direction in a magnetic field which is in the z direction. The
walls of the duct that the induced electrical fields set up are electrodes and the
remaining of it is electrically insulating materials.

Figure 1: Basic MHD duct

To specify the manner of system in which the external load is connected to the
electrodes it is necessary to consider the electrodynamics of the MHD generating
duct. At first, the velocity of an electron in the electrical field is considering:

V, = —uiE, @

e

When both electrical field and magnetic field are present, the electrons drift
velocity is now
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V,=—u (E+V,xB) )

By this assumption that the magnetic field is only in the direction z, so the
electron velocity split into component the parallel and perpendicular to the
magnetic field. Now, the component of electron velocity is

—H
v, :(—‘*)(EX -B.E))
1+ B2 y
T H (3)
vV, = E S +E
y W)( xﬂe y)
v, = _:ueEz
Where S, = 14.B = a7,
The current can be calculated by the equation (4)
4
J=-0oF, = —0\£ )
He
By substituting the equation (3) in equation (4)
O
J, = * _-(E, - B.E,, +/5.uB
X m)( sX ﬂe sy ﬁe )
O
‘]sy = 1+,0392 (Esy _UB+ Esxﬁe) (5)
‘]SZ = 60 ESZ

Where S, =w,z,

The physical interpretation of the equation (5) can be expressed by these rules:
1) The current flowing parallel with the magnetic field are unaffected by B.
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2) The projection of E on J, has the magnitude J, /o, .

3 Basic MHD Generator Configuration

It is possible to specify three basic MHD generator configurations:

Generator
configuration
S —
1 1 1
Continuous Segmented Hall
Electrode Faraday Electrode Faraday

Figure 2: Categorize of MHD generator configuration

In this paper, efficiency of three configurations are calculated and compared with
each other. Finally, indicated that which configuration is best one. Also, paper
determines the variation of efficiency based on the Hall Effect.

3.1 Continuous Electrode Faraday (CEF) Generator Efficiency

This configuration is shown in Fig.3. CEF configuration is the simplest
configuration and operates with a single load.

veB Induced em.t.

-—L—r f
Electrostatic
I‘ @ field
i ——— ’;j Lmdg 8 Total em.f
) Current J
|_ “Hall angle
Figure 3 CEF generator

The boundary condition for this generator configuration is that the axial
component of the electrical field is zero. So, bellow equation is reached
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=0 (6)

The open circuit voltage is uB and the short circuit voltage is E, . Consequently,
the electrical efficiency K calculated by (7).

E
K=—2

uB @)
E, =uB(K -1)

The X, y current component are given by (8)

o)

J =——fuB(1-K

1+ pr uB( ) (8)
o, B

=g e2u|3(1 K)

Finally, the power generated per unit volume is equal to J E, .

Oy

~U’B*K(1-K) ®)
1+ 8

P, =

3.2 Segmented Electrode Faraday (SEF) Generator Efficiency

It is possible to eliminate the ohmic losses of continuous electrode Faraday
generator by segmenting the electrode and connecting each pair through sub loads.
It is shown in Fig.4. The generator loaded such that J, is zero.
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Figure 4 SEF generator

As before, open circuit voltage is uB and therefore, K, is given by

K= Esy

uB (10)
ESy = KuB
Ey =uB(K -1

Also we know that the transverse current is

J, = ouB(L—K) (11)

The power per unit volume isJ E .

p, = o,u’B*k(L—K) (12)

It is clear that the output power is independent of Hall Effect.

3.3 Hall Generator Efficiency

The Hall generator is one in which the segmented electrode pairs are short
circuited and the external load is connected between the initial and final electrode
pairs, as indicated in Fig.5.
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Figure 5 Hall generator

The loading factor no longer has the complete definition it had for CEF and SEF
generators. But, it is still equal to the ratio of closed circuit voltage to open circuit
voltage.

E

BB (13)
E. = A.kuB

SX

And the current components are:

R J— B(k—1
" (H_ﬂf)ﬂeu( ) (14)

Oy

J, = (1+—ﬂez)u|3(1Jr k52)

The power output per unit volume is

(15)

Oy

T+ )

Ps pu*B’k(-K)

4 Simulation

There are many different indexes to compare application of these configurations.
The power output varies with the MHD parameters. So, specific power output or
isotropic efficiency is the best index to comparing applicants of these
configurations.
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Isotropic efficiency for continuous electrode Faraday generator is shown in the
Fig.6. This figure indicates that Hull number is very important. If Hull number
increases, so the specific power output decreases. The maximum isotropic
efficiency reach in the Hull number equal zero.

Isotropic efficiency

Figure 6 Isotropic Efficiency for CEF generator

In contrast to this, Fig.7 shows that the isotropic efficiency of the segmented
electrode Faraday generator is independent of Hall number. One practical
disadvantage of SEF generator is a multiplicity of external load circuits, which for
a practical generator maybe several hundreds.
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Figure 7 Isotropic Efficiency for SEF generator
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Specific power output of Hall generator is shown in the Fig.8. High isotropic
efficiency is practical for this generator configuration if the Hall number is high,
greater than 10. Also, this configuration has advantage that it uses a single
external load.
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Figure 8 Isotropic Efficiency for Hall generator

5 Conclusion

One type of new generators is Magneto hydrodynamic (MHD) generator. This
generator uses a plasma and magnetic field to produce electrical power. This
plasma is produced in the combustion chamber and then flow through the
magnetic field. This paper examines dynamic of fluid in the magnetic field.

Paper proposes a model for calculating of isotropic efficiency or loading factor.
Also, paper compares different configuration of Faraday generators and Hall
generator. This paper illustrates that Hall Effect decrease the electrical efficiency
of Faraday generators but instead increase the electrical efficiency of Hall
generator.

References

[1] L. Steg, G. W. Sutton, “The Prospects of MHD Power Generation”,
Astronautics, New York, N. Y., vol. 5, no. 8, Aug. 1960, pp. 22-26,82-86.

[2] Hamilton, “MHD for Power Stations”, S. Proceedings, Second Symposium
on the Engineering Aspects of Magneto hydrodynamics, Philadelphia, Pa.,
Mar. 1961, Columbia University Press, New York, N. Y., 1961, pp. 211-27.



482

[3]

[4]

[5]

[6]

[7]

Ahmadali Khatibzadeh, M.R.Alizadeh Pahlavani

G. W. Sutton, R. Robben, “Preliminary Experiments on MHD Channel Flow
in lonized Gas”, Proceedings, Eleventh International Symposium,
Polytechnic Institute of Brooklyn, Brooklyn, N. Y., vol. XI, 1961, pp.307-21.
L. P. Harris, G. E. Moore, “Some Electrical Measurement on MHD
Channels”, Proceedings, Third Symposium on the Engineering Aspects of
Magneto hydrodynamics, Columbia University Press, 1962, pp. 166-79.

J. T. Lineberry, L. L. Begg, J. H. Castro, R. J. Litchford, and J. M. Donohue,
“HVEPS Scramjet-Driven MHD Power Demonstration Test Results”,
presented at the 38th AIAA Plasma dynamics Lasers Conf. in Conjunction
with 16th Int. Conf. MHD Energy Conversion, Miami, FL, Jun. 25-28, 2007,
Paper AIAA-2007-3880.

T. Hardianto, N. Harada, “Three-Dimensional Flow Analysis in a Faraday-
Type MHD Generator”, IEEE Transactions on Industry Applications, July
2008, vol.44.

A.H. Nayfeh, Perturbation Methods, John Wiley, New York, 1973.


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Hardianto,%20T..QT.&newsearch=partialPref
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=28

