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A capacitive-coupled power extraction magnetohydrodynamic (MHD) generator has electrodes outside a
channel, that carries a combustion gas; the channel functions as a capacitor. By applying an alternating magnetic
field, this MHD generator can extract power from the capacitors. Because the configuration prevents the elec-
trodes from exposure to the gas, this kind of generator offers the advantage of being able to operate over a long
time. Based on a theoretical model, the performance of the generator is evaluated when a sinusoidal alternating
magnetic field is applied. From the results, we assess the feasibility of obtaining electrical power from this device.
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Magnetohydrodynamic (MHD) generation is an effi-
cient method for generating power. MHD generation ex-
tracts electrical power from the electromotive force gener-
ated by a conductor moving in a magnetic field [1]. Com-
bustion gas, which is the MHD fluid, passes across the
magnetic field through a channel composed of an insulator.
When the combustion gas moves with velocity u through
a magnetic field B, an electrical voltage V is generated be-
tween electrodes separated by distance l.

V = uBl. (1)

Power is extracted by the electrodes and applied to an ex-
ternal load. In this MHD generator, the electrical output P
is

P = σ u2B2S l K (1 − K), (2)

where K = Rload / (RMHD + Rload) is the load factor, σ is
the electrical conductivity of the combustion gas, S is the
area of the electrodes, Rload is the resistance of the external
load, and RMHD = l/σS is the resistance of the gas.

Equation (2) shows that any increase in the electrical
conductivity is an important factor for increasing the power
output. To improve the electrical conductivity, we can in-
crease the gas temperature or add a seed material or per-
form both. However, because of exposure to the gas, the
electrodes are damaged by thermal and chemical stresses.

To prevent damage to the electrodes, alternating cur-
rent (AC) MHD generators can be considered. An AC
MHD generator applies a traveling wave magnetic field
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[2–5]; such a generator is similar to an induction genera-
tor and hence is called an MHD induction generator. An-
other AC MHD generator temporarily changes the mag-
netic field or supplies MHD fluid intermittently. This type
of AC MHD generator is called a capacitive-coupled power
extraction MHD generator [6].

Figure 1 (a) depicts an overall view of a capacitive-
coupled power extraction MHD generator. In the gener-
ator, electrodes are located outside an insulator channel.
The inside of the channel is filled with combustion gas,
forming virtual electrodes in the channel. Capacitors are
formed by dielectrics sandwiched between the real elec-
trodes and the virtual electrodes. Electrical magnets ap-
ply alternating magnetic fields across the combustion gas.
When the magnetic field is applied in the positive x direc-
tion, an induced electrical voltage appears in the positive
y direction. Inversely, when the magnetic field is applied
in the negative x direction, an induced electrical voltage
appears in the negative y direction. For example, when a
sinusoidal magnetic field is applied, a sinusoidal electrical
voltage appears.

Figure 1 (b) depicts the equivalent circuit of the
capacitive-coupled power extraction MHD generator. The
equivalent circuit contains an electrical voltage vMHD, a
combustion gas resistance RMHD, a channel wall capaci-
tance Cwall, and an external load resistance Rload.

The electrical voltage vMHD is assumed to be a sinu-
soidal wave expressed by

vMHD =
√

2V sinωt, (3)

where V is the electrical voltage shown in Eq. (1) for a con-
ventional MHD generator, ω is the angular frequency of
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Fig. 1 Capacitive-coupled power extraction MHD generator.

the electrical voltage, and vMHD is the instantaneous value
of the electrical voltage.

For a phasor, vMHD is expressed by

V̇MHD = V e j 0. (4)

The impedance of the equivalent circuit is

Ż = RMHD + Rload +
2

jωCwall
. (5)

The current in the equivalent circuit is

İ =
V̇MHD

Ż
=

V∣∣∣Ż ∣∣∣ e− j θ, (6)

where

∣∣∣Ż ∣∣∣ =
√

(RMHD + Rload)2 +

(
2

ωCwall

)2

, (7)

θ = − arctan [2/ {(RMHD + Rload)ωCwall}] . (8)

The power output obtained at Rload is given by

P = Rload

∣∣∣ İ ∣∣∣2 = Rload

⎛⎜⎜⎜⎜⎜⎝ V∣∣∣Ż ∣∣∣
⎞⎟⎟⎟⎟⎟⎠

2

. (9)

At the maximum power output R′load is given by

R′load =

√
RMHD

2 +

(
2

ωCwall

)2

, (10)

and the maximum power output Pmax is

Pmax =
V2

2
(
RMHD + R′load

) . (11)

Equation (11) states that the maximum power output of
a capacitive-coupled power extraction MHD generator is
lower than that of a conventional MHD generator. To ex-
tract power comparable to that of a conventional MHD
generator, the capacitor loss in the capacitive-coupled
power extraction MHD generator must be reduced.

To extract maximum power, a compensation inductor
can be connected in series with the wall capacitors. The
compensation inductor improves the power factor, and thus
an output power comparable to that from a conventional
MHD generator can be obtained at optimum inductance.

If we assumed S = 10 m2, l = 1 m, the thickness of
the channel d = 1 mm, the relative permittivity of the chan-
nel εs = 10, the gas velocity u = 1000 m/s, the maximum
applied magnetic field Bmax = 2 T, and the frequency of
the electrical voltage f = ω/(2π) = 60 Hz, then the max-
imum induction voltage Vmax, Cwall and compensation in-
ductor Lcom were estimated to be 2 kV, 0.89 µF and 15.8 H
respectively. Here, d = 1 mm is assumed from the thermal
barrier coating using gas turbine breads [7]. The values,
Bmax = 2 T and f = 60 Hz are assumed from an eddy-
current type multilayer coil previously constructed [8].

From the maximum induction voltage, the required di-
electric strength of the channel is 1 kV/mm in the unloaded
condition. A previous study [6] considered reducing the
eddy current loss resistance of the MHD fluid, RMHD, at-
tributed only to the extraction power of the MHD gener-
ator. However, eddy current losses can be recovered by
a gas turbine cascaded with the capacitive-coupled power
extraction MHD generator because of the thermal energy
recovered by the turbine. This means that the capacitive-
coupled power extraction MHD generator combined with
another energy system can mitigate the dielectric strength
of the capacitive wall. The maximum power output of the
capacitive-coupled power extraction MHD generator, as-
suming an electrical conductivity σ = 1 S/m for the MHD
fluid is estimated to be 5 MW.

In this rapid communication, an expression was de-
rived for the theoretical power output from a capacitive-
coupled power extraction MHD generator. To achieve a
power output comparable to that of a conventional MHD
generator at the same effective value of the electrical volt-
age, capacitor losses in the capacitive-coupled power ex-
traction MHD generator should be reduced. However, by
cascading a gas turbine and using a compensation inductor,
the capacitor-coupled power extraction MHD generator is
feasible for generating sufficient electrical power.
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