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ABSTRACT

This study considers the affect of magnetic field on the electrical current distribution in the
exit areas of a diagonal MHD generator. The 2-D analysis has been carried out and the
computational calculations have been made with the working fluid of hellum seeded by cesium.
The result shows that the decreasing of magnetic induction can create the constant current
distribution at the exit area of the channel, and only a little affect in the middle area of the
channel. There 1s no need a Jarge ballast resistor for the electrodes. Furthermore, the resistance
of the exit area and the current distnbution at the electrode align decreases with the decreasing
of the magnetic induction. It is seen clearly that the output electrodes of the MHD generator
should be organized in the decreasing area of the magnetic field, because it can be significant to
make the electrical parameters of generator better.

Keywords: numerical calculation, MHD g , diagonal type, two-di | analysis,
ballast resistance.

1. INTRODUCTION

It is determined that the operation parameters of a diagonal MHD generator is nearer to
those of a Faraday MHD generator by the 1-D MHD researches [1, 2]. However, this 1-D is un-
convenient to treat the influence of the un-constant working plasma in the MHD channel.

By 2-D theory, this paper has considered the electrical parameters in the middle area of the
channel as mentioned in [3]. Moreover, 1n the exit area of the channel, there is a effect that
reduce the electric features.

Hence, the outlet effect in the Faraday type has been examined in [4, 5, 6]. Beside that, this
effect has been studied a little in [7, 8, 9]. For that reason, this paper has considered the position
effect of the electrodes and the decreasing of the magnetic field in the channel on the current
distribution of the diagonal MHD generator in case of constant physical quantitics as we know
that the position of electrode has some influence on the current concentration [10].

This study has examined the effect at the beginning and exit area of the diagonal MHD
channel by 2-D theory. The fundamentals of the boundary conditions are also studied. The
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specifications of the fluid speed and the magnetic field are discussed in this paper. In the next

section, the ional ions are idered to show the influence of the magnetic

P

field on the current concentration as well as the inside resistance in the exit area of the channel.

2. FUNDAMENTAL THEORY
2.1. Basic theory

To analyze the outlet effect in the MHD channel, we assumed that the current, electric ficld
etc. change with x and y as described in Fig. 1, and the fluid speed and temperature depend on
only y as shown in Egs. (9) and (10). In this case, the pressure is constant.

To consider the current distribution in the MHD channel, we explain the stream parameter
Y as:
I, =0¥/ay,], =-a¥/ax 0]

where J, and J are the x-axis and y-axis current density, and neglect the J,,.

n
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Figure 1. Cross section of the channel.

Here, the magnetic field B is only in z-axis, and the fluid velocity u is only in x-axis. From
the Maxwell and Ohm law in [3], we have this equalion:

VY + PaW/ax +Qa¥/dy =R @
where
P=o/efd(e/o) ax - 3B/ o)/ Ay}
Q=o/efole/a)/3y +a(B/a)/ax}
R =0/e{-3(0p, /3ylen, )/ ox +
+9(dp, /ox/en,)/dy + ®
+udB/ox)
e=1+pp,
in which e is the electron charge, p.= n.kT. the electron partial pressure, n,

| the electron density,
k Bolizmann's constant, T, the eleciron temperature, B the Hall paramele

r for electron, B; the
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Hall parameter for ion, and o the scalar electrical conductivity of the plasma. Becaused, B, e
and T, are given in [3], we do not define here.

2.2. Boundary conditions

First, the boundary condition on the electrode outward is

E,=0 “)
where E, is the x-axis electric field. Ou the insulating wall outward
1,=0 )
Using Eq. (1), these conditions (4) and (5) are transformed to
€W /dy—Po¥/ox —odp, /ox/en, =0 4"
¥ = const (€3]

For the diagonal MHD, the voltage difference between anode A, and cathode C, is shorted
as seen in Fig. 1. Then, the subsidiary condition is

v,=-j’A°'Eds:o,1=1,2,...,.. ®)
where E is the electric field, ds is the line between A, and C, and V, the voltage difference
between A, and C,.
The current from area S, between A', and C', is also the load current I, the next condition is
LJdS:l,I=l,2, om )

where dS is the vector of the area S;.

In this study, we assume that the electrical parameters are periodic with the period is the
electrode pitch s behind the p-th electrode pair A, and C,. The last condition is

J(x+s)y=1)(x) ®)
By Eq. (1), the Eq. (8) is transformed into
Wx+s)="P(x)+ 1 @®)

where [{" is the current flowing into A,

By solving Eq. (2) with the above conditions, the curent distribution is expressed in
section 3.

2.3. Calculation of voltage

After solving Eq. (2), E at the reference position can be found by Eq. (1). The voltage at
any position can be found by the line integration of E from a optional position to the considered
position.

2.4. Gas velocity and temperature distributions

The velocity u and temperature T change only in the y-axis as [}1]:
u/ug ={ay/h(i-y /" ®
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(T=T)Ty=T,)={ay/h(1-y/h)}" (10)

respectively, where h is the channel height, up and T, are the temperature and velocity in the
middle of fluid, namely y = h/2 and T, is the side temperature.

2.5. Magnetic field

To apply the magnetic field B, the MHD channel should be put in the magnetic field
decreasing area. To considér the influence of B, we assume that the intensity of magnetic field
does not change 1n the middle area, and it decreases linearly from the left side of the j-th
electrode in the exit areas of the channel. In this study, the six types of B are shown in Fig. 2,
where g is the gradient of Band j = 5.

I

B[T]

~

Figure 2. Configuration of magnetic field.

3. NUMERICAL SOLUTION

The solution of Eg. (3) must meet the conditions (6), (7). From (1), (7), we have
YW =lw,I=1,2,...,u an
where W and ¥ are the values of ¥ on the insulating wall surfaces A" and C respectively,
and w is the channel width in the z-axis.
When the curtent I, the width w, and ¥*" are assumed reasonable, the wE is calculated by
Eq. (11). If Eq. (2) is calculated with the ¥, %< and suitable u, G and f, we have the

computational value of Y. From the Eq. (1) and the Ohm law, we have the E. and E,. Using
these values of E, and E, in Eq. (6), we have the V, and this value may be not zero.

The resistance of the electrodes A;-C, ,

R; =n/fa) ewcostn-0)f, 1=1,2,.... (12)
where h, c and 0 are the channel height, the electrode width and the angle of inclination to the y-
axis, respectively, and we have an ideal current: y
L=V/R,,i=1,2,...,u (13)
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flows through the resistance R,”. To short V,, run the current -I, over R;. Then it increases by -1,
the value of w( L7 —‘l‘,"'). This gives the current flows into the anode A;.

1+

Continuing with the new ¥ , we reproduce the above procedure. If V; is small enough

after this reproduction, we have the computational value of ‘F. Furthermore, the other
computational solutions are expressed in [12].

4. NUMERICAL CALCULATION
4.1. Conditions

Computational calculation is used for the MHD channel with mixture working fluid of
cesium-helium in non-equilibrium plasma in which

h=0.2,5=0.),w=0.1,c=0.06m

Ty =1800K, T, =1600K,p=5amm

uy =2000m/s,m=n=1/7,By=4or5T
5=5,,=03%

(14)

where g i§ the seed fraction of C;, B, the magnetic field in the middle area of channel, and & the
collision loss factor. These values are referred to a MHD generator of the power plant [13]. The
load current runs into two electrodes E; and E; with the same value through a resistor R, given
by (see Fig. 1).

Ry :—j:" Eds/(1/2) (15)
Here, the R, is called a ballast resistance.
4.2. Results

Figs. 3a~3c show the current concentrations when g = 0, 6 and 10 T/m, respectively, By=4
T and I =70 A with the outline gap current is 1/20 of the load current. In the figures, (J), = 0.583
Alen?, (6) = 1.84 mho/m, (B) = 2.01 and B, = 2.48, where (J), is the mean current density of
the electrodes, (B) and (o) are the Hall parameter and mean electrical conductivity in the middle
of fluid, respectively, Bcn is the critical Hall parameter [14].

In Fig. 3a, the current distribution in the outline of the electrodes is very strong when B
does not change. Conversely, Figs. 3b and 3c show that the distribution is small when B
decreases much more becausef is small at the region effected by a space decreasing of B. From
these figures, we have also seen that the current running into the diagonal electrodes decreases
with the increasing of the B gradient at the inlet area of channel. As details, the current of 60, 25,
15 % of load current run into C, when g =0, 6 and 10 T/m, respectively. These figures also show
that the eddy current does not appear when the electrodes are arranged in the decreasing area of
magnetic field [5], and that electrode disposing with the decreasing area of B does not affect on
the current distribution in the middle area of the channel.

Figure 4 indicates the changing of the voltage difference of A;-Ci~Ay-Cy versus E,
electrodes. It shows that the great voltage difference appears between E, and E, electrode when
the magnetic field B does not decrease (g = 0). In the other cases, the vollage difference
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decreases when g increases, and it nearly disappears when g=6, and the opposite difference
arises when g > 7. This figure also shows that the voltage difference in the middic area of the
channe! is less affected by the decreasing of magnetic field.

Ry

E, E, Ay A, As Ay As Ag
1 1 1 | I N — 1

| -
C, C, [} Cs Cs Ce G Cs
(a) g=0a BO=4
Ry
E, E, A Az Ay A, As Ag
1 | I —1

I — T
C, C, Cy C., Cs Cs [ Gy
(b) g=6, By=4
Ry
E E. A, A A
. 1 . 2 .l ‘ 2 3 Ay A Ay

0 )

C 1T T3 T e r%—
Cs4 Cs Cs [ Cs

(©) g-10, By=4

Figure 3. Current concentrations,
To evaluate the outlet effects of the MHD generator, this paper considers the inside

resistance R; of the exit area and the level of the current distribution on the electrodes described
by the equations

706



Numerical calculations and analyses in a diagonal type MHD generator

R, =(Vy - V)1 (16)
s [0}, 21 an
where V and V, are voltage difference with load and without load between the electrode E, and
the n-th electrode, respectively, and T, is the peak current density on the electrodes. In this

configuration, Jyei/{J)a = 1 indicates the status without current distribution and Jpead/(De>>1
denotes the large current distribution.

. T R e B e oo T

Jpear/{J)er

|
R/Rig, Ro/Rep, Tpeau/(Der(* 10)
o
4 N

[ N I TR T T A 0 2 4 6 8 10
El B A A Ay Ad As Ag Ag Ay g [T/m]

Figure 4. Variation of voltage difference for By=4. Figure 5. Influence of g on R/Rjo, Ry/Ryg and
Joea/(D)et when Bg= 4.

Az Ay Ay
1 | — 1

1 T 1
C C Cs C, Cs Cs C,; Cs

Figure 6. Current concentration for g= 6 and Bo= 5.

Figure 5 indicates the change of R/R,o, Ry/Reo and Jpea/(J)ey versus g, where Ry and R, are
Ry, and R, for g = 0, respectively. We can see that R, decreases with g, for example the value of
R, for g = 6.0 achieves about 80 % of that of Ry, and that J,eu/(J). decreases from g = 0 to 8
T/m, obtains the lowest value of 1.90 and rises again. This means the current distribution at the
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align of electrode reduces when g = 8 T/m. Therefore, organizing the clectrodes in the
decreasing area of magnetic field s significant to protect the electrodes. This figure also shows
that Ry/Ry, decreases with g, and nearly zero when g = 6.5 and then increases with g. This means
more electrodes are used, larger ballast resistors we need when magnetic field does not decrease
or is over 8. However, if g = 6~7 T/m, there is no need large bailast resistors.

Figure 6 shows the current concentration in case of g = 6 T/m, Bo=5 T and [ = 150 A,
(o = 1.25 Alem?, (G) = 2.85 mho/m, (B) = 2.48 and Ber = 1.90. It is seen that the fluid is
effected in the middle area of channel, while the current concentration is continually constant
when magnetic field decreases following the channel and the distribution is nearly moved far the
electrodes. As a result, organizing the electrodes in the decreasing area of magnetic field is
significant when the induction is produced in the middle area of the channel.

5. CONCLUSIONS

The main results from the above analyses are concluded as:

(1) A reasonable concentration of magnetic field can create the current concentration quite
stable and constant at the exit area of the channel both when the fluid is effected and not
effected in the middle area.

(2) Organizing the clectrode in the decreasing area of magnenc field causes less changing i the
current concentration at the middle area of the channel.

(3) If the electrode are organized in the area with a reasonable magnetic field, the voltage
difference and the ballast resistor of the electrode is quite small. Therefore, a number of
electrodes can be applied without great ballast resistors.

(4) The inside resistor in the exit arca of the channel decreases with the decreasing of the
magnetic ficld.

(5) The current distribution in the align of electrode can be dismissed by the decreasing of
magnetic field.

As a result, the electrodes of this type of MHD generator should be organized 1n the area of

the decreasing of magnetic field, because it can be significant to make the electrical parameters
of generator better.
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TOM TAT

NHUNG TINH TOAN SO VA PHAN TiCH TRONG MAY PHAT BIEN TU
THUY BONG LOAT BIEN CUC CHEO

Lé Chj Kién
Dai hoc Sir pham Ky thudt TP.HCM, 01 V6 Vin Ngdn, Q. Thu Duc, TP. H6 Chi Minh
Email: kienlc@hcmute.edu.vn
Bai bo nghién ciru anh huéng cua sy suy giam cam umg fir dén sy phan bd dong trong
vung cudi 6ng phéng ciia méay phat di¢n Tir thuy dong (MHD) logi dién cyc chéo dung plasma

khéng can bén§ bang phén tich hai chié'u. Nhing tinh toan trén mdy tinh da dugc thuc hién trong
truémg hop chat khi 13 helium dugc chy bdi cesium. Két qud 1a mét sy suy giam cim mg tir
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thich hop s& 1am phén b6 dong dlén rat ddng nhit & gn viing cudi dng phong cia may phat dign
dbng thét anh hudng it téi phan b6 dong dién & ving trung tim ciia may phét, va dién cue ngo ra
c6 thé duge ding ma khong cin dién trér chin luu 1om. Thém nifa, dién tré ni coa ving cubi va
sur tip trung cua dong dién tai meép dién cyc ngd ra gidm theo sur suy gidm cia méat 49 nr thong.
Theo nghién ciu day, dién cwc ngé ra ciia miy phat MHD loai dién cuc chéo dung plasma
khéng cén bing nén dugc dit trong ving suy gidm cia cam {mg ti béri vi khi d6 s& c6 loi dé cai
thién nhimg thuéc tinh dién cia may phat MHD.

Tir khéa: tinh todn sb, méy phat MHD, dién cyc chéo, phan tich har chiéu, dién trés chén hnu,
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