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Two Dimensional Analysis of MHD Generator
by Means of Equivalent Circuit

By
Masaharu Yosuipa* and Jurs Umoro*

(Received June 29, 1974)

Abstract

The authors report on the method analyzing generally the MHD generator by
means of the equivalent circuit including the negative resistance. At first, they divide
the duct space into many space elements, and for each space element they derive the
fundamental equivalent four-terminal circuit which satisfies the two-dimensional Ohm’s
law. Next, they make an attempt to apply the equivalent circuits to the typical MHD
generators such as diagonal, Faraday and Hall generators considering the boundary
layer in the duct and the wall leakage current. Using their analysis, the current density,
Joul’s heat, generated and output electrical powers, electrical efficiency etc. in the
generator can be fairly easily calculated.

1. Introduction

The fluid performance in MHD generator ducts has been mainly analyzed
by the quasi one-dimensional MHD equations for simplification. For the last few
years the authors, too, have discussed the optimization of the generator duct on the
basis of the quasi one-dimensional MHD equations, and have investigated the
influence of boundary layer, finitely segmented electrodes etc. on the generator
performance. However, it is difficult to deal accurately with the problem of
plasma non-uniformity in the duct cross-section by the above mentioned method.

On the other hand, considering the imperfection of the quasi one-dimensional
analysis, the two- or three-dimensional analysis are done, too, by several reseachers.
In this analysis, they solve numerically the two- or three-dimensional partial differ-
ential equations derived from the Maxwell equations and Ohm’s law, or do directly
and numerically the two- or three-dimensional MHD equations.

Also as another two-dimensional analysis, there is the one using an appropriate
equivalent circuit for the generator, which Shirakata®, Celinski®~* and others

derived. For example, Shirakata studied the duct performance in a Faraday
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428 Masaharu YosHipa ane Jtard Umoro

generator with the four-terminal network. According to his theory, a Faraday
duct can be replaced by an equivalent four-terminal network deduced from the
two-dimensional Ohm’s law in the x-y plane. His theory also can deal with the
problem of nonequilibrium generator considering ionization instability, if it is
assumed that the relaxation time of the electron temperature is sufficiently short
and all the parameters in the duct are periodical along the flow.

Hence, in this paper, the authors generalize Shirakata’s theory and develop
it to the generator whose pair of electrodes is slanted. Their theory can be easily
applied to the typical MHD generators such as Faraday, Hall and diagonal genera-
tors. According to their theory, the generators are quite accurately simulated by
means of a four-terminal network, when the duct type and scale, and the tempera-
ture and pressure profiles along the gas flow are given.

Moreover, in their analysis, the effects of the boundary layer and wall-leakage
currents are considered, but the ion slip is ignored.

2. Types of MHD Generator Ducts and Connection of
Electrodes and Loads

First, let us pay attention to an MHD duct in which each pair of electrodes
is set up at some slant angle to the direction of gas flow, as shown in Fig. 1.
When the slant angle ¢ is appropriately selected and the load is appropriately con-
nected, any typical generator duct is obtained as described below.

Fig. 1. General form of MHD generator duct (type I).

In the following sections, the authors divide the duct space in Fig. | into many
space elements, in which all physical quantities may be assumed to be uniform,
and derive the fundamental electrical equivalent circuit for the element, and
eventually the equivalent network of the whole duct.

Moreover, they apply their equivalent circuit to the typical generators such

as Faraday, Hall and diagonal generators, and derive a theoretical calculation of
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them. In their application, these three kinds of generators are as follows:

(a) Faraday generator; in Fig. 1, the slope angle 6§ =72 and the load resistances
are connected between each pair of electrodes a; and ¢; (1=1, 2, -+, n) respectively.
(b) Hall generator; the angle § =x/2, each pair of electrodes g; and ¢, is shorted
respectively, and only a single load resistcnce is connected between the two electrodes
at the inlet and the outlet of the duct.

(c) Diagonal generator; the angle 8 is set up as an appropriate value (0<60<z/2,
if the magnetic field B is parallel to the z-axis), and the other conditions are the
same as those in the Hall duct. In this connection, the so-called diagnally con-
nected generator duct such as shown in Fig. 2 (type II), in which each pair of
Faraday generator electrodes is connected in series, is also known. To this type
of duct, too, our analysis for the so-called diagonal conducting wall generator duct
of type I in Fig. 1 can be applicable.

Q.
W h
B
[}
Lood R ||= s \%
VWV
Fig. 2. Diagonally connected generator (type II). Fig. 3. A space element.

3. Derivation of Fundamental Equivalent Circuit

3.1 Equivalent impedance matrix

Fig. 3 shows a space element of the MHD generator duct space which is
shown in Fig. 1. Let us try to derive the equivalent four-terminal circuit for the
space elemment from the two dimensional Ohm’s law. In the space element, it
is assumed that the gas dynamical parameters such as temperature, pressure, gas
velocity etc., the electrical parameters such as electric field and current density,
plasma parameters such as electrical conductivity ¢ and the Hall parameter g
are spacially uniform. Also, it is assumed that the ion slip can be ignored and
the magnetic field B consists of only the applied one which is parallel to z-axis.

To simplify the analysis, let us introduce the new coordinate axes X and Y as
shown in Fig. 4, corresponding to the slant of any space element, instead of the

conventional rectangular coordinate axes ¥ and - Then,
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0 X

Fig. 4. Old- and new-coordinates.

As is well known, the two dimensional Ohm’s law in the x-y coordinate system is
written as follows:

E/ =E, = (J,+8],)]a, } (2)

Ey/ = E,—uB = (—p]J,+J,)]o,

where E,’ and E,/ are the x- and y-components of the electric field in the coordinate
system moving with a gas velocity u, E, and E, are the x- and y-components of the
electrostatic field, and J, and J, are the same ones of the current density respec-
tively. Using Eq. (1), Eq.s (2) are transformed to the following equations in the
X-Y coordinate system,

Eyx' = [(148 cot 0) Jx+ 8]y cosec 0] /s ,

Ey =[—pB]xcosec+(1—pcoth)Jyllo, (3)

where Jy and Jy are the X- and Y-components of the current density and Ey’
and Ey’ are the same ones of the electric field in the moving coordinate system
respectively.

Next, the real voltages V,’ and V¢’ in the Y- and X-directions between both

end surfaces of a space element are given as follows:

v, = —S:me“ (Ey/+Ey’ cos 6)dY — —h cosec 8 (E,’ sin 6+, cos 6)
= —[(cos 0— f sin 6) ], (sin 64 Acos 8) ], ]k cosec 8o ,

vy — —S:EX Sin” 04X — —s-sin’® 0(E, —E,’ cot 6)
= —sesin’ 0[], +BJ,—(Jy—BJ) cot 0],

respectively. Also "the total net currents I¢ and [, in X- and Y-directions and
the voltages Vi and V, in the X- and Y-directions hetween both end surfaces of

(4)




Two Dimensional Analysis of MHD Generator by Means of Equivalent Gircuit 431
the space element are defined as follows:

Iy =d-he(J,—]J,coth), } (5)
I, = d-ssin 6(J,sin §4- ], cos ) ,
Ve =

= —h(E,+E,cotb),

—sesin* 8 (E,—E, cot 0) ,
- ¢ } (6)

respectively. By the Eq. (4) to (6), the following relations are derived.

vy Vy+huB —1I,
oA P S ol
Ve Vi—suB sin ¢ cos 6 ,

—I
R, —R,

[Z2] =
R, R,

R, = hf(dossin® 6) ,

Ry = ssin® 6/(adh) ,
R = (Blo)ld,

where

(8)

where [Z], which we derived by the above mentioned treatment, can be regarded
as the equivalent impedance matrix of a space element.

Therefore we can exhibit
a space element by the equivalent four-terminal circuit as shown in Fig. 5(a).

“In e
vl ) v

Fig. 5(a). Equivalent four-terminal network

for space element.

3.2 Fundamental matrix and equivalent four-terminal network

We can rewrite the relation expressed in Eq. (7) as follows:
v, Ve
] e
9 £
with the so-called fundamental matrix [F], where

-l rl
Vr\ [F] T V§I

Fig. 5(b).

Equivalent four-terminal network
for space element,
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[F]=[A B} (10)
¢ D,
in which
A=Ry[Ry, B=(RRe—Ru)Ru; | o
C=1/R,, D=RyR,, j

in which 4, B, C and D are the equivalent four-terminal network constants.
However from Eq.s (11)

det[F]= —1. (12)

Therefore, the equivalent circuit which Eq. (9) represents is not the reciprocal one.
Hence the equivalent circuit cannot be composed of only passive elements. It
should also contain the gyrator or negative resistance.”

Next the impedance matrix [Z] can be transformed as follows:

z1—1z74| Fm Bm 13)
- z14) 7 ol (
where
o [R+R, O
[Z]_{ 2R,, R;+R.j. (9

So, by making use of a nagative resistance”, Eq. (13) is expressed by the equivalent
circuit as shown in Fig. 5(c).

@
v ol I W

Fig. 5(c). Equivalent four-termlnal network
for space element.

Again we can derive the fundamental matrix [F'] as follows:

1/(2R,) (Re+Rpm) | (2R,)

2[1 R,,+R,,,:|[ 0 0][1 R§+R,,,] as)
o 1 Jly@er, oJl0 1 |,
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corresponding to [Z’]. From Eq. (15) and Fig. 5(c), we can acquire the equiv-
alent circuit as shown in Fig. 6. Considering Fig. 6 together with Eq. (7), the
space element as shown in Fig. 3 can be expressed by the fundamental equivalent
circuit as shown in Fig. 7. Referred to the figure, it is physcially forecasted that
the electromotive force uBk (>>0) yields the current I, (<0) and moreover it
generates equivalent voltage source 2Rml, and the current .

lc-ln mm m Igﬂz
j"ZRm'n

v 3 Vé
Ry

o 52

Fig. 6. Equivalent fundamenal circuit for space element.

j;E'Bh

=1
In
%er*ﬁm
2Ryl ,
Vb, n lg 5 suB-sing- coss
n it IRYE VYA 2 i
R;"’Rm
_Rm
2’
l ’
V; 1
Ve

Fig. 7. Equivalent fundamental circuit of space element.

As the duct space is composed of many space elements, the duct is replaced
by the connection of many four-terminal circuits.

4. Application of Equivalent Circuit to Multi-

Electrode MHD Generators
4.1 Application to the diagonal generator of type I

First, let us apply the above mentioned equivalent circuit to the diagonal
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generator of type I. Actually, the space element assumed in Section 3 is a small
domain within the duct. The more accurate an analysis is expected, the more
space elements the duct space must be divided into, and therefore the more
complicated the treatment becomes.

Here, for practical use and simplicity, we divide the space between a pair of
electrodes into three space elements, i.e. the anode boundary layer, core flow layer
and cathode boundary layer.. We shall describe the treatment of the boundary
layer in Section 6. The longitudinal length of a space element coincides with the
electrode pitch. Also it is assumed that all the parameters in a space element are

uniform in z-direction. Now Fig. 8 shows the equivalent circuit of the space

. la i
9 4i __ 94|

I — SV VY, ¥ ————

o --zel_i Rw,i L € i+l Il,i+|
[ . i gqu,iﬂ
i .
R_.

0,i+l

Fig. 8. A part of the equivalent circuit of the duct.

between each pair of electrodes of the diagonal generator duct with the slanted
short-circuit electrodes, except the duct inlet- and outlet sections. For simplifica-
tion of circuit analysis, it is convenient to adopt the mesh currents 7, ;_,, 1, ; I, ;14

-«setc. as shown in Fig. 8. In this figure,
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Z,;i=Ry; ;i +Rp; ;s
Zg,-,,- = REj,i+ij,i s
V,,i = 2ij i( f. i ji 1*10,;) s

Rﬂji = j l/(d.‘s Sln 0)/01 i
REJ ; = sesin? 0/(dr; ;)]o;.; 5
Ry = (l/d)(ﬁ, id95.4) (16)

=h; ,

7 J'

eg;,; = S;u; ;B cosfsin b,

3
Z hj,i = i )
j=1
i =1, 2, .-, n (number of electrode pair) ,
j - l’ 2) 3’

and R, ; is the equivalent wall-leakage resistance between adjacent electrodes.

When each pair of electrodes a; and ¢; is connected with wire instead of the slanted

short-circuit electrode, the separate equivalent leakage resistance should be added

between the adjacent anode electrodes and between ajdacent cathode electrodes

respectively. In this case [, ; directly dos not come in contacnt with I, ;.

The network equations for the equivalent circuit in Fig. 8 are as follows:

Ry it Ry s+ Ry i+ Ry )y s — (Roy s — Ry ), 54

'_(Rnl,i+1+le,i+l)Il s‘+1_(R£1 ,-—}—R,,n :‘)Iz i+le i+112,i+1

—Ry il i— Ry i — Ry )y i Rony jindo i1 = €3 500—€1,i— 814 5 : (17)

R i i (R£1 ml,i)ll,i+( nz,i+REz,i+R£1,i+Rn2,i+1)Iz.i

— (Ruz,i—Remz, i) s 41— (Rag i1+ Rz i -11) Ly 11— (REz,i"‘Rmz,.‘)Is,i

+Rm2,z+1 3,4+17 (R"IZ i m2,i+le,i)IO,i+Rﬂ2,l'+110,i+l

—(Rez,i+Romg i —Roms, i) I = €351— 60 ;—€ps ;08 (18)

—Rmz,ilz,i—l“‘(Rﬁz.i_Rmz i)Iz ,-—|—(R,,3 i+R£a i+REZ ,»—l—R,,a i)l 3,§

—(Rna i—Rms -‘)13 i-17 (R,,;, i+ —]—R,,,3 i) N (Rsa :+Rm3 ;)14 i

FRons,iv1du 00— (Rog i — Roms i+ Ry 1) Lo+ Rogg 5110, 4 .

R, ;IL €341 03, —Cka,i T €520 (19)
Rma,iI:m‘ 1— (Res i =Ry i) s i+ (R i+ Res Mo i —Rons i1 s = e84 (20)

Rm,ill,i-x (Rm 1+le «) 1, :‘l' 2,§ z -1 (an,i‘i"Rmz.i“Rmx.i)Iz.i

Ry s i1 — (Rys i+ Rons i —Rpp, M i+ Roms i1, ‘

t Ry, it Rz i+ Ryg ) o s = €1 46554654 (21)

'2 {Rmz 'Iz i—1+(RE2 i_Rmz ,-)12 i“‘REZ,ils,i '

R iy i~ Rep 11} = Rl — Z €s,i 5 , (22)
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where R, is the load resistanze. One may be concerned that the number of the
unknown is more than that of the equations, but this phase will be removed when
the network for the whole duct is completed. By solving these equations simulta-
neously, the performance of the diagonal MHD generator is known perfectly.
Next, if the periodicity of the physical quantities is kept between the duct

inlet and outlet, namely

L;,=1;n.=1,

Ij.i—l = Ij,i = j,i—HEI;‘ s
€ =€ in=¢;,
an,i = an,i+xEan > (23)
REj,i = R&j,i+1ER£j 5
R,,,j,,- = R,,,j,,-HEij s

j: l, 2) 3:

the treatment of Eq.s (17) to (22) is extremely simplified.
Moreover, if each parameters in the anode region is equal to that in the

cathode region respectively, i.e.
6, = ¢;=¢,, R, =R, ,=R,, (24)
Ry = Ryy=Rgy, R = Rpy=Rpy,

In addition, if the sufix 2 of ¢’s and R’s is replaced by the sufix O for convenience,
then Eq.s (17) to (22) are simplified as follows:

(Ry+Rep) [, —Repy [, — Ry I+ Ry dy = —egy (25)
— Ryl + (Rep+ Reo) I, — Reo Iy — (Rywy — Roo) Ly — Reo I, = —ego+-es (26)
—Rool,+ (Reo+Rep) Is— Rep L, — (R — Ronp) Ly +-Reo [ = —egyt-egy (27)
—Repls+ (Ry+Rep) L, —Rppply = 14 (28)
=R, — (Roso—Ronp) L — (Ropty — Romg) I+ Rop Ly + (Ro+ 2R, ) I+ Ry I,

= ¢,+2¢,, (29)
Rel,— Ry I+ R [y — (Reg+ RNV = —ey, (30)

where R, is the equivalent load resistance which may be connected per a pair of
electrodes. By solving the Eq.s (25) to (30) simultaneously, the periodical solutions
for mesh currents are obtained, and therefore Joul’s heat, current density etc.

are able to be calculated.

4.2 Application to other generators
In the previous article, the authors treated the network equations for the

diagonal generator of type I with the slant short-circuit electrodes. As mentioned
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in the previous section, the method of our analysis is easily applicable to the generator
of type II as well as that of type I, including the Faraday and Hall type of generator.
However, there are some differences for each type of generator regarding the
equivalent networks and treatments, becuase there are differences respecting the
connection methods of electrodes and load resistances.

In the case of the Hall generator, §=x/2 and the same technique as in the
case of the diagonal generator is used for analyzing the duct performance.

For Faraday generator, similarly 6==/2 and the load resistance R, ; must
be inserted between the electrodes a; and ¢; instead of the short-circuit wire.
Therefore, in this case, in Fig. 8 I, ; means the load current, and the load resistance
R, and load current I; must be taken away. Also, the wall-leakage resistance
between the adjacent anode electrodes is independent of that of the correspon-
ding adjacent cathode electrodes.

In the case of the diagonal generator of type 11, the cathode electrodes ¢; is
connected with the anode electrode a;,, successively, and the load resistance R; is
connected between g, and ¢, (see Fig. 1). Accordingly, in this type of generator,
the loop current passes through R;, a,, ¢(=4a,), -+, ¢s_y(=4,), ¢, and R;. The
sub-loop current passes through ¢;(=aq;.,), ¢;+, and ¢;. Moreover, as well as in the
Faraday generator, the wall-leakage resistance in the cathode side is independent
of that in the anode side.

5. Current Density, Power Loss, Power Output and Electrical Efficiency
5.1 Current density »

As is clear from Eq.s (5) and Fig. 7, the current [; and I, are the real com-
ponents of J in the X- and Y-directions respectively. So we should bear in mind

that the vector sum of the current densities J; and J,, which correspond to I;

Jy oo~ \J

0 Jx Jx= Jg

Fig. 9. Relationship among J and its various components.
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and 7, respectively, does not coincide with the original current density except the
case of 8=x/2 (see Fig. 9). When we want to know the direction of current
density in a space element, we must seek for the current densities J, and J,.
From Eq.s (5)

Jx = Igsin® 0/d[h+1I, cot 6/d]s } 31

Jy = L/d[s— I sin 6 cos 6/d[h . )
By similar treatment

E; = —(V/[s+V, sin8 cos 0/h), } 39

E/ = —(V, sin® 8/h—V{ cot 8]s) , (32)

where E¢ and K, are respectively the real X- and Y-components of the electric
field in the coordinate system moving with the gas velocity u. . In the generators
of type of §=x/2 such as the Faraday, Hall and diagonally connected generators,
Eq.s (31) and (32) are simplified.

The direction of the current density J in a space element can be decided by
Eq.s (31). Moreover the distribution of the overall current density in a duct can
be known, if I; and I, in each equivalent circuit are calculated, since the duct

space is composed of many space elements.

5.2. Power loss

According to the equivalent circuit in Fig. 7, the electric power

Pdl == (Rn +Rm)1n2+(RE—I_Rm)IEZ+2RmIﬂIE_R"I(I"I+If)2
= R,L'+ R, (33)

is dissipated in the circuit. This can be also proved as follows; the power dissipa-
tion per unit volume, which means Joul’s heat, is calculated by the scalar pro-
duct of the electric field E” and current density J, i.e.

J-E' = J,E/+],E. . (34)
Therefore the power loss P, in one space element is

P, = SDJ-E’a'v = —(LVy+LV,)), (35)
and using Eq.s (7) and (8)

P, =P, = R} Rl . (36)

In the noequiblibrium generator, this power loss is acted on the elevation of

electron temperature.
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5.3 Power output and electrical efficiency . ,
When we solve Eq.s (17) to (22) simultaneously respecting the whole equivalent
circuit and the load current I; is found up, then the electrical output power Py is

P, = IR, . (37)

On the other hand, the generated power in the duct is obtained as follow. In
the space element, the motional electromagnetic field u X B is induced in the nega-
tive y-direction. So using .Eq.s(31), the generated electric power p, is obtained

as follows:
b, = S J-(ux B)do — S J uBdo = uB ], dhs
= uB(h1,—slg sin 0 cos 8) . - (38)

Accordingly the total power generated in the duct is calculated, for example; for

the diagonal generator as shown in Fig. 8 as follows:

n 3 ) . ‘
Pezggpej,iz ’ : (39)
where I ‘ ' ' ' ' A ‘
Deji = uj,iB[hj,x'(Ij,i_Ij,i—l—Io,i) —S(Ij+1,i_1j,i) sin 6 cos 0] . k (40)

Then the electrical efficiency 7, in the generator beomes

1= PulP, = IPRe) (S} 31000 | (41)

6. Boundary Layer

-In the analysis of the gas flow, it may be divided into two parts, i.e. the inviscid
core flow and the boundary layer in the vicinity of the duct walls. It is thought that
a turbulent flow will be fully developed in the boundary layer. However the
boﬁndary layer theory in an MHD duct has not been established completely.
Therefore, here let us apply Schlichting’s boundary leyer theory® on a flat plate
to the duct as well as in Ref. 4 (see Fig. 10).

Uw—J
I

X R—
AT

Fig. 10. Boundary layer model of flat plate.
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In the analysis, when it is assumed that the viscous and thermal boundary layers

have nearly the same thickness, the thickness &(x) is given by
0(x) = 0.37-x-R,.(x)"%%. (42)
In this equation, R,.(x) is the local Reynolds number, which is expressed by
Ro.(%) = uopx/nt, (43)

in which u.,, p and # are the core flow velocity, the mass density and the viscosity

coefficient respectively, and
# = 0.195X 107% 77 (44)

For example, the boundary layer thickness at the distance x=L/2 in the typical
experimental scale generator (H=0.15,m, L=1m, «=800m/s, 0=0.3 kg/m?,
T=2500°K) is equal to about 0.0l m. In the large scale generator (H=1.5 m,
L=10m, other parameters being the same as in the above example), it is equal to
about 0.06 m at the distance x=L/2. In the latter the influence of the boundary
layer is quite small. However, it must not be igonored when the behavior of the
generator is considered.

When the Plandtl number is nearly equal to 1 and the pressure gradient in
the x-direction can be neglected, the gas velocity distribution in the y-direction

in the bounary layer is given by
Ul = (hs—hy)[(ho—hw) = (3/0)"", (45)

where A, h, and k., denote the stagnation enthalpy of the boundary layer, on the
wall and in the gas core respectively. Then the temperature profile in the layer

is determined by the following equation
TITo = T Turb (1= T Tl [(r— D 2IM* (| —fu )i, (46)

where 7 is the specific heat ratio, and T, T, and T.. are the temperature of the
layer, on the wall and in the gas core respectively. The third term of the right
side of Eq. (46) may be neglected in the subsonic region, i.e.

T|T. = To| Tt (1= T/ T.) - tft. . (47)

When the value of T,/T, is known,\ the temperature profile is obtained from
Eq.s (45) and (47).

On the other hand, the conductivity ¢ and the Hall parameter g are generally
the functions of the temperature 7 and pressure p. When it is assumed that o and
B are expressed by
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o= cp”T",
ot (48)
/9 — C/Pm Tn ,
in the core flow and the boundary layer, with respect to the latter we obtain
olo- = (T/T.)", } )
Bl = (T|T.)™,

where ¢, and f.. are the conductivity and the the Hall parameter in the core flow
respectivey to be obtained from Eq.s (47) and (49).

Since u, T, g, £ etc. vary spacially and dramatically in the y-direction in the
boundary layer, the-boundary layer space must be divided into many space elements
if an accurate analysis for that region is wanted. However, as mentioned above,
in the large scale generator the thickness of the layer is very thin in comparison to

that of the core flow, and consequently the average values {u>, (o> and {8, i.e.

=) utr= 1. (50)
<> = o[, [Tul Tt U= (T T} 010) 17 510) (51)
B> = fu | UTul Turt 1= (Tu T2} IOV d(510) (52)

are thought to play fairly well the substitutes of the parameters #, ¢ and g for the

analysis of the generator performance.

7. Conclusion

(1) The authors pointed out that any MHD generator duct is generally expressed
by the combination of many fundamental equivalent four-terminal circuits by
introducing the new coordinate axes going to the directions of the gas flow and
the electrode pair.

(2) A fundamental equivalent four-terminal circuit was derived from a space
element assumed in a duct, using the equivalent negative resistance which originat-
ed from the two dimensional Ohm’s law.

(3) Considering the leakage current in a duct wall, the application of the funda-
mental equivalent circuit to the multi-electrode generators, espectially the diagonal
geverator, was attempted. Also, there was reference to the treatment of the Hall,
Faraday and diagonally connected generators.

(4) The method to calculate the characteristics of the generator, such as current
density, Joul’s heat, generated and output powers, electrical efficiency etc. was
derived,
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(5) 'The treatment of boundary layer in the duct was discussed.

Lastly, the above mentioned theoretical analysis can very well simulate the
performance of the MHD generator, when the duct scale, plasma property and
distribution of pressure and temperature in a duct are given.
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