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HALL CURREI\TT EFFECTS IN THE LEWIS

MAGNETOHYDRODYNAMIC GENERATOR

by Lester D. Nichols and Ronald J. Sovie

Lewis Research Center

SUMMARY

Data obtained in the Lewis magnetohydrodynamic (MHD) Faraday segmented gener-
ator are analyzed by using theoretically computed values of the conductivity and mobility
and the finite segmentation theory of Dzung, which includes axial current leakage. The
generator is operated with cesium seeded argon as the working fluid. The gas temper-
ature varies from 1800 to 2100 K, the gas pressure from 19 to 22 newtons per square
centimeter, the Mach number from 0. 3 to 0. 5, and the magnetic field strength from
0. 2 to 1. 6 teslas.

Analysis of results is based on the fact that the electrical characteristics of an
MHD generator depend upon the loading resistances in the Hall and Faraday directions,
the working fluid state, and the magnetic field strength. If the generator is shorted in
the Faraday direction for known magnetic field strength and argon conditions, the two
remaining unknowns are the cesium seed fraction and Hall load resistance. The Faraday
current and Hall voltage are sensitive to these unknowns, and their values are used to
determine the unknown seed fraction and Hall load resistance by using the Dzung calcula-
tion. The results show that the seed concentration depends strongly upon the spray bar
orientation and duct geometry and that the Hall load resistance is proportional to the
plasma resistivity.

The calculation of the Faraday resistance could also be made by using the Dzung
model. The result indicates high resistance in the Faraday direction that is com-
parable to the value measured without cesium in the duct. This implies that the plasma
shorts the generator in the Hall direction but not in the Faraday direction.

As a result of these analyses, it is concluded that there is incomplete seed vapori- .
zation and a shorting path for the generated Hall current through the plasma itself to
ground at both the entrance and exit of the channel.



INTRODUCTION

The NASA Lewis closed-loop magnetohydrodynamic (MHD) generator was designed
to study power generation with nonequilibrium ionization by using a cesium seeded argon
plasma. The primary experimental program is to evaluate the feasibility of generating
MHD power for space with input gas temperatures of 2000 to 2100 K through the use of
nonequilibrium ionization. The success of this program could lead to lower weight

„ space power generation systems as well as higher efficiency ground-based power gener-
ation systems (ref. 1). In the latter case, the increased efficiency could result in a
significant reduction in air and thermal pollution.

The theoretical performance of the Lewis (Brayton cycle) MHD generator was eval-
uated by Heighway and Nichols (ref. 2). In a power generation experiment, however,
there are many parameters that can cause the performance to be different from the
ideal values predicted by theory. The open-circuit voltage can be affected by current
shorting paths either through the insulator walls or through the gas (ref. 3). The short-
circuit current can be affected by the same shorting paths, by electrode voltage drops,
and by plasma conditions. The plasma conditions include conductivity and uniformity.
If the Hall parameter is large enough, nonuniformities can significantly affect perform-
ance, especially for segmented generators (Rosa, ref. 4).

In this report several nonideal effects are examined and the calculated generator
performance is compared with experimental measurements in the Lewis MHD generator.

OPERATING CONDITIONS

Generator Geometry

The Lewis MHD generator facility has been described elsewhere (refs. 5 and 6).
For purposes of comparison with theories, the geometry must be specified and is shown
in figure l(a). The generator is 6. 3 centimeters between the insulating walls and
20 centimeters between the conductor walls. There are 28 segmented electrodes which
are 1. 3 centimeters wide and are separated by insulators 1. 3 centimeters wide. One
set of data was taken with a generator which was 3. 8 centimeters between the insulating
side walls.

^ Working Fluid Conditions

Tests were run over a wide range of operating conditions. In all cases the working
fluid was argon seeded with cesium. The total temperature and pressure for the various



runs are given in table I. The entrance Mach number is also given in table I. The
Mach number changes only slightly along the channel. The actual cesium seed fraction
is considered as an unknown. The rate at which the liquid cesium leaves the supply pot
and enters the vaporizer is monitored for each run. From that mass flow rate and the
gas flow rate an average seed fraction is determined. However, since the quality of the
vapor leaving the vaporizer is not accurately known, and since there are indications that
cesium is still present even after the seed valve is closed, the cesium vapor seed rate
is considered as an unknown. Tests were made with the cesium vapor injection bar
oriented in the upstream and downstream directions, as indicated in table I. Further-
more, in run 6, mixing bars were added downstream of the vaporizer to promote better
seed mixing.

The magnetic field strengths for runs 1 to 6 were varied from 0. 1 to 1.6 teslas.
The Mach number was varied from 0. 3 to 0. 5.

Load Conditions

The current carrying paths are difficult to characterize. The leakage current flows
through paths whose resistance may change when cesium is present, if the leakage cur-
rent is carried by the plasma. We will assume that the resistances of the various cur-
rent carrying paths are not known.

NONlDEAL EFFECTS

Fluctuations

The current (even under short-circuit conditions) is less than 0.1 ampere per
square centimeter. There are impurities of carbon monoxide and hydrogen in the loop.
The minimum concentration is 1000 ppm of each. For these conditions, the electron
temperature will not be much greater than the gas temperature, so the ionization insta-
bilities are not present (ref. 7). As a result, we will assume that the effective values
of conductivity and Hall parameter are equal to the calculated values. As the current
density increases, we will have to include instabilities in our analysis.

Electrode Voltage Drops

We have measured the potential profile for the generator and have found no cathode
voltage drops. This is in agreement with the conclusion that there is sufficient ther-



mionic emission from the cathodes for the calculated values of seed concentration and
the cathode temperature. At higher currents achieved when voltages are applied to the
cathodes there is a sheath voltage that is required.

Finite Segmentation

The Hall parameters can get rather large (of the order of 10) so that segmentation
effects can be considerable, especially for the Hall voltage. We will consider this effect
in our analysis.

Nonuniformities

The walls of the channel are nearly the same temperature as the gas, so there will
be a small thermal boundary layer. The velocity boundary layer is too small to affect
significantly the results of the measurements in channels the size of the Lewis channel.
As a result, we will use the velocity determined from the mass flow rate and uniform
density.

Mathematical Model of Generator Current and Voltage

The mathematical model used is merely an extension of the results of Dzung (ref. 3).
He assumes uniform plasma properties and velocity profiles. As a result of his anal-
ysis, it is possible to account for electrode segmentation effects and current leakages
in the Faraday and Hall directions. Dzung' s analysis considers the results for a single
pair of electrodes out of a number of electrodes. That is, he considers each i elec-
trode pair as an independent generator with Faraday and Hall voltages V and V andy x
load resistances R and R* , respectively. The voltages in the Faraday and Hall di-
rections are given by (see fig. l(b) for sketch):

v = _ _ (1)
y a + 2pu + (1 + 2pv)tan 0'

V = - - - (2)
a . + 2pu + (1 + 2pv)tan 0'

and the currents by



(3)
Ry

Vx

where the R's are the effective resistances that each generator "sees" and include all
internal leakage resistances. (Symbols are defined in appendix A. )

In our analysis we wish to extend these results to predict the overall performance of
a generator with N electrode pairs. In the Faraday direction the results are unchanged
since the R fs for each electrode pair are uncoupled. The results are more compli-
cated in the Hall direction, however, since each of the i generators is connected in
series and one must consider two leakage paths. There is the leakage resistance for
each i electrode pair R^ . and the leakage of the generator as a whole R^ . The
equivalent circuit for determining the Hall voltage is shown in appendix B. It is shown
in appendix B that the Dzung equations can be used to predict the overall generator per-
formance if the R in equation (4) is replaced by

R* =
NRx,i + Rx,o

It is convenient to consider the resistance for N such generators, so

will be introduced. Then.

„ NRx.iRx.o
NRx,i + Rx,o

It can be seen that, if NR^ . » R^ Q,

^ = Rx, o

Then the quantities 0', K, 2p, and a in equations (1) and (2) are given by



90° + tan"1! £K + 2pu ] _ tan"1/? (6)
\1 + K + 2pv/

K = — - - (7)

2p= l (8)
h

R (1 + 2pv + K)
a = y - - (9)

h [( 1 + 2pv)0 - 2pu_j

The terms u and v are functions of the Hall parameter and the ratio of electrode width
to insulator width These functions have been calculated by Dzung and are plotted in
reference 3. The Lewis MHD generator is built with electrode width equal to insulator
width. The functions u and v for this case (c = 1/2 in Dzung' s notation) can be ap-
proximated by the quadratic functions

o

u = 1. 109X10"4 + 6. 829xlO"3(tan~1/3) - 1. STlxlO'tan'1 (10)

v = 2. 208X10'1 - 1. 769X10 "^tan"1^) - 2. 56 4x10 ~5 (tan" ̂  (11)

where tan" /3 is given in degrees. Using these equations, one can predict the voltages
and currents in the generator by specifying the loading resistances R and R , the
working fluid state (a, /i , and U), the generator geometry, and the magnetic field

G

strength B.

METHOD OF DATA ANALYSIS

Determination of Seed Fraction and Hall Resistance

In the generator tests, the working fluid state is completely determined except for
the cesium seed fraction. As was stated in the section Working Fluid Conditions, the
average liquid cesium flow rate into the vaporizer and spray bar is measured. How-
ever, the quality of the vapor leaving the spray bar is not known; therefore, the vapor
seed rate is considered as an unknown.



The generator is run short circuited in the Faraday direction (R = 0) with an ex-
ternal open circuit in the Hall direction. The measured value of the Hall voltage is then
an indication of the internal Hall resistance. Thus, with the working fluid state, mag-
netic field strength, and externally applied loads specified, the only unknown parameters
are the cesium seed fraction and internal Hall leakage resistance. For a given pair of
values for the seed fraction and Hall resistance, equations (1) to (9) can be used to cal-
culate a value of the Hall voltage and Faraday short-circuit current. Note that I can
be determined from equation (3) at R = 0 since V is proportional to R . Then two .
families of curves can be generated, one keeping the resistance constant and varying the
seed fraction, and the other keeping the seed fraction constant and varying the resist-
ance. These curves then give the complete performance characteristic of I as a func-
tion of V-. for the run conditions specified and a given magnetic field. The position of

A

the measured Faraday current and measured Hall voltage on this characteristic plot then
yields the value of seed fraction and Hall resistance present in the generator. Such a
performance characteristic for experimental run 6 is shown in figure 2 for B = 0. 5 T.
The measured data at this magnetic field are indicated by the circle.

Using this method then, it is possible to obtain values for the seed fraction and Hall
resistance that fit the data for each magnetic field strength tested. The seed fraction
and Hall resistance obtained for run 6 are plotted against magnetic field strength in fig-
ure 3. The points at low magnetic field strength (0.15 and 0. 25 T) were taken imme-
diately after the cesium valve was opened. Apart from these two points which are af-
fected by transient effects in the vaporizer, it appears that the seed fraction was
constant at about 8X10" . Similarly, the Hall resistance is about 5 ohms. Curves of
the calculated values of I and V as a function of B for these values of s and R^
are shown in figure 4. The measured data points are also shown in this figure.

Determination of Faraday Resistance

The values of seed concentration and Hall resistance can be determined as de-
scribed previously by running tests with R shorted out. If, however, during one of
these tests the load circuit switch is opened, the I
ured. Using this open-circuit voltage and the see<
before opening the switch, one can determine R .

these tests the load circuit switch is opened, the Faraday open-circuit voltage is meas-
ured. Using this open-circuit voltage and the seed fraction and Hall resistance obtained

Applied Voltage Tests

Because of the low values of R^ obtained in the generator, the generated Hall
voltage is quite low, and this in turn limits the values of the generated Faraday current.



In an attempt to increase the value of the Faraday current and obtain results at higher
Hall voltage, an external power supply was used to simulate the Hall voltage. The power
supply was hooked from electrode pair 6 to 17, so for this case the length of the gener-
ator is 28 centimeters and the number of electrodes N is 11. It is shown in appendix C
that, if you neglect the possibility that fluctuations can develop at the increased current
densities, Dzung's analysis can be extended to predict the current increase as a function
of Hall voltage.

RESULTS AND DISCUSSION

Seed Fraction

A comparison of the results obtained for the various operating conditions and chan-
nel configurations given in table I is shown in table II for a magnetic field of about
1 tesla. The calculations of the seed fraction presented in figure 3 indicated that after
some initial transient effects the seed fraction reached a fairly steady value. This
steady value is less than the value determined from the liquid flow rate out of the ce-
sium container, as is shown in table II. The low value for the seed fraction is due to
incomplete vaporization. Comparison of the seed fraction actually obtained with the
liquid injection rate for the different runs confirms this. The fraction of seed vaporized
with the vaporizer injection tube oriented in the upstream direction (runs 2 and 5) is
about 10 percent, whereas it is only a few percent for the downstream orientation. Fur-
thermore, the addition of the mixing bars increased the fraction vaporized to 30 percent.

Hall Resistance

The values of the Hall resistance R obtained are quite small compared to meas-
urements made prior to the cesium injection. In order to arrive at an explanation of
this, the plasma resistivity is plotted as a function of the Hall resistance in figure 5 for
all the various run conditions listed in table II. The figure shows that there is a corre-
lation between the two indicating that a significant portion of the RX value is through
the plasma itself. If one assumes that the total resistive path is in the duct, the length
of this path L can be determined from the relation L = hWI^/r. Using the value
r = 0. 67 ohm-meter when E^ = 100 ohms from figure 6, one calculates the L =
(1/0. 67)(0. 20)(0. 0635)(100) = 1. 9 meters.

It is seen from figure 1 that this length is comparable to the distance from the
vaporizer spray bar to the generator entrance plus the distance from the generator exit
to the reheater. The reheater is grounded, and despite efforts to float the spray bar, a

8 .



voltmeter monitoring the voltage to ground indicates that it often becomes grounded dur-
ing the cesium injection.

Faraday Resistance

The Faraday load resistance R was obtained in one run for the operating condi-
tions of run 6 and a variable magnetic field strength. The data analysis indicated
Rx = 6 ohms, R^ = 300 ohms, and s = 6. 6xlO~4. The variation of V , Vx, and I with
magnetic field strength that is predicted by the analysis for these values of R , R ,
and s is represented by the curves in figure 6. The measured data points are also
shown in this figure. The figure shows that there is good agreement between the analy-
sis and measured results. The large R value obtained eliminates the possibility that
the low R values are caused by the electrodes being shorted to the stainless steel
case since this would also cause R to be low.

Applied Hal I Voltage Tests

As was previously mentioned, a test was run with a power supply connected from
electrode pair 6 to 17 in order to increase the Hall voltage and Faraday current. This
test was performed for the gas conditions of run 6 and a magnetic field strength of "
0. 47 tesla. The variation of the Faraday current with Hall voltage is shown in figure 7.
The power supply voltage V is also indicated in the figure. The power supply resist-
ance R was 10 ohms. The solid lines in the figure are those predicted by the analy-
sis in appendix C for R^ = 0, RX = 11 ohms, and s = 0. 002 to 0. 00025. The measured
data are indicated by the data points. The figure shows that the Faraday current does
indeed increase with increasing Hall voltage and that the analysis adequately predicts
this behavior.

The R_ value of 11 ohms can be compared with the 10 ohm value obtained for the
whole generator (N = 28) before the power supply was used. These values can be used
to show that the main shorting loop is external to the generator (i. e., that NRV . >x, i
R ). The value of R_. is assumed to depend on the length of plasma from the

X, O X, O
vaporizer to the generator entrance plus the length from the generator exit to the re-
heater. This length changes from about 190 centimeters (based on fig. 7) for N = 28 to
234 centimeters for N = 11. Using equation (B9), then, to evaluate R^ without the
power supply, we have

1 - 1 , 1-1
28Rx,i 10



and with the power supply

1 1 190

(Rx,o><234> U

The solution to these two equations is R. = 10. 6 ohms and R . = 6 . 3 ohms. Thus,
^Cj O Xj 1

the internal resistance NR^ i is large compared to the external resistance.

Generated Power

The amount of power generated can be increased by increasing the applied voltage.
The difference between power generated and power applied is plotted in figure 8 as a
function of R (for N = 11). The applied voltage V is a parameter. It can be seen
that the amount of power required is always greater than that generated. At large
enough values of R the power applied approaches zero.

Cathode Voltage Drops

The amount of current that is flowing in the generator can be supplied by thermionic
emission from a tungsten electrode in a partial pressure cesium atmosphere. From the
Langmuir results (ref. 8) the maximum thermionic emission current for each case can
be calculated for the assumed seed concentration. This maximum i „,„„ is shown inGJ mdx
table I. In all cases (except for run 4) one would expect no sheath voltage at the cathode.

CONCLUDING REMARKS

The good agreement between the behavior predicted by the extension of Dzung's
analysis and the data indicates that this analysis can be a useful tool for understanding
generator performance. As a result of using the analysis to reduce the data obtained in
NASA Lewis MHD generator experiments, the following problem areas were indicated.
There is incomplete seed vaporization, and there is an axial shorting loop from the ce-
sium injection bar through the plasma to the grounded reheater. These problems are
presently being remedied.

It was also found that applying a voltage in the Hall direction does improve the power
generation from the generator. The amount of power required increases with decreasing

10



leakage resistance. This technique may prove useful if the Hall resistance can be in-
creased.

Lewis Research Center,
National Aeronautics and Space Administration,

Cleveland, Ohio, May 8, 1972,
112-02.
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APPENDIX A

SYMBOLS

Ae electrode area

B magnetic field strength

' E electric field

h distance between electrodes

I current

j current density

K resistance ratio in Hall direction

L generator length

I distance between adjacent electrodes

N number of electrodes

P power

R resistance

r resistivity

U gas velocity

u, v parameters defined by Dzung

V generator voltage

W channel width

a Faraday load voltage load factor

0 Hall parameter

e current angle

0' angle between flow direction and electric field

H electron mobility
"

p ratio of electrode width to distance between electrodes

a conductivity

T Hall angle
*

Subscripts:

a applied

12



i electrode number

o overall generator

x Hall

y Faraday

13



APPENDIX B

EXTENSION OF DZUNG'S RESULTS TO PREDICT OVERALL

GENERATOR PERFORMANCE

The analysis of Dzung was made for a single pair of electrodes out of a number of
electrodes. The situation is equivalent to the i generator shown in figure 9. The
results for the i generator can be used to calculate the results for an N-electrode
pair generator by using the schematic diagram shown in figure 9.

The voltages in the i generator are

The current flowing through R . isx, i

This can be proved by mathematical induction. It is certainly true that Ix ^ = Ij - Ix .
If one assumes that I . = I. - I and uses the fact that

X. 1 1 Xj O

then one derives

*x, i+1 = Ti+l " x, o

Substituting equation (B2) into (Bl), we have

Vi = W + Rx, i) - ^ oRx, i

Considering the voltage drop V" .. across R , which is given by
Xj U Xj U

N N

, o = Jx, oRx, o =Vx = J R = I R = (V - IR) (B4)

14



and solving equation (B3) for I. yield

V . + V **»*

\= ^ (B5)

If V . = I .R^ . using equations (Bl) and (B5) results in*i, * A, i A, i

RV i RY iRiA» *• _ V A' L LVxi = Vi'
Summation of equation (B6) over the i generators and solving for V yieldx, o

N

N

Substitute V from equation (B7) into equation (B6) and solve for Vv ..
Xj O Xy 1

N

Ri + Rx,i
(B7)

1=1

Then, if all of the generators are the same,

(B8)

15



Rx, i1**, o

| R

Therefore, the voltage of the total generator is just N times the voltage of each gener-
ator, and the voltage of each generator can be determined from the open-circuit voltage
V, and the internal impedance R- by assuming that the load resistance is

NR*,1
"*,<>

This is merely the parallel combination of R^ . and R /N. If one defines an overall
X, 1 X, O

leakage resistance for the Hall direction as R^, then

J- = —L_+_L_ (B9)
R. NR . R

A A, 1 A, U

where

16



APPENDIX C

EXTENSION OF DZUNG ANALYSIS TO INCLUDE

APPLIED POWER SUPPLY

The schematic diagram for the MHD generator with an applied voltage in the Hall
direction over some of the electrodes is shown in figure 10. The relation between cur-
rent and voltage for the circuit is

!V
X

 + ;T-VV i=- + iv (CD
VRa NRx i Rx o/ " ^ o ~' * Ra\ <* A, 1 A, U/ A, U d.

Vx, i « Vx> and

NRx,i **,

then equation (Cl) can be written as

Rx
I + -

^ + Ra Ra + Rx

The values of Vx and Ix are given by Dzung (ref . 3) as

LUB cos

(C2)

V = _ _ (C3)x '

I =

(a + 2pu)cos 01 + (1 + 2pv)sin 0'

cos T cos £ [( 1 + 2pv)tan € - 2pu]
(01 + 2pu)cos 0' + (1 + 2pv)sin 0'

The angle of the current vector e can be found by substituting equations (C4) and (C3)
into (C2) by using 0' = v/2 - T+ e and solving for tan e;

17



B+
 RxRa jguohW _ _^_Za_ n + aWR + 2p(v + u/3)]

RY + R_ L R + R0 LUB y

t a n e = ^ r (C5)

1 + (1 + 2pv)[ — + — • —— I - 2pu —
\ "D _i_ "D T "D _i_ "D T TTD / 13 _i_ "D\JX__ + K LJ rt + rv... J-jUo/ it^ + rt

\ A . C t C t A . / A d

The value of e can now be used in the analysis of the current and voltage.

18
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TABLE I. - EXPERIMENTAL OPERATING CONDITIONS AND CHANNEL CONFIGURATIONS

Operating condition

Total gas temperature. K
2

Total gas pressure, N/cm
. Gas velocity, m/sec

Mach number
Channel height, cm
Channel width, cm
Vaporizer orientation
Mixing bars

Run

1

1960
22

424
0.54

20

3.8

Upstream
No

2

1950
21

336
0.42

20

6.3
Upstream

No

3

1950
21

313

0.39
20

6.3
Downstream

No

4

1897
21

316
0.40

20

6.3

Downstream
• No

5

1895
19

323
0.41

20

6.3

Upstream
No

6

2091
21

264
0.32

20

6.3
Upstream

Yes

TABLE II. - EXPERIMENTAL RESULTS FOR MAGNETIC FIELD STRENGTH

OF APPROXIMATELY 1 TESLA

Operating condition

Total gas temperature, K
Magnetic field strength, T
Short-circuit current, A
Hall voltage, V
Liquid seed fraction
Calculated seed fraction
Fraction of seed vaporized
Conductivity, mho/m
Electron mobility, m2/Wb
Hall load resistance, R , fi

X e\

Current density, mA/cm
2

Emission current density, mA/cm

Run

1

1960
0.9

0.079
49

29X10"4

11. 5xlO"4

0.40
5.0
7.8

25
4.9
540

2

1950
1.0

0.050
27

23X10"4

2.8X10"4

0. 12
5.8

12.3
14

3. 1
10

3

1950
1.0

0.065
45

63X10"4

2. IxlO"4

0.03
5.7

12.7
26.5
4.0

5

4

1897
1.0

0.011
20

34X10"4

0. 16X10'4

0.006
1.3

15.3
122

0.68
0.4

5

1895
0.96

0.085
72

44xlO~4

4. 3xlO~4

0.098
4.9

12.1

48
5.3

90

6

2091
1.07

0.370
40

SOxlO"4

9.0X10"4

0.30
20.4
7.6
4.8

22.9
150

20



SPRAY
BAR ELECTRODE PAIR NUMBER

REHEATER
TUBE-

?
10

1 14 28

• si • « 69 » « 63 »

(a) DUCT, DIFFUSER, AND REHEATER TUBE LOCATION. DUCT WIDTH, 6.3 CENTIMETERS. (DIMENSIONS
GIVEN IN CENTIMETERS.)

u x B

H
(b) CURRENT DENSITY AND ELECTRIC FIELD VECTOR ORIENTATION.

Figure 1. - Sketches showing geometry of MHD generator facility.
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Figure 2. - Characteristics of Lewis MHD generator. Gas
temperature, 2091 K; gas pressure, 21newtonsper
square centimeter; gas velocity, 270 meters per second;
magnetic field strength, 0. 5 tesla.
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Figure 3. - Seed fraction and Hall leakage resistance as function of
magnetic field strength for run 6.
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Figure 4. - Comparison of experimental data with calculated values.
Gas temperature, 2091 K; gas pressure, 21 newtons per square
centimeter; gas velocity, 270 meters per second.
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Figure 5. - Correlation between Hall load resistance and plasma
resistivity for six runs.
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Figure 6. - Comparison of experimental data with calculated values.
Gas temperature, 2091 K; gas pressure, 21 newtons per square
centimeter; gas velocity, 270 meters per second.

i t1.6

.4

SEED FRACTION,
s

0.00025

.00020

200

APPLIED VOLTA

' "t

I I I
20 40 60 80 100

HALL VOLTAGE, Vx, V
120 140

Figure 7. - Comparison of calculated current with measured
current with applied power supply. Temperature, 2091K;
gas pressure, 21 newtons per square centimeter; Mach
number, 0.316-, generator length, 28 centimeters; mag-
netic field strength, 0.47tesla; applied resistance, lOohms-,
Hall resistance, llohms; Faraday resistance, zero.
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Figure 8. - Net generated power as function of Hall"
resistance. Temperature, 2091K; gas pressure,
21 newtons per square centimeter; Mach number,
0.32; supply resistance, 10 ohm S; Faraday re-
sistance, 30ohms; seed fraction, 6.6xlO"4; num-
ber of electrode pairs, 11.
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Figure 9. - Equivalent circuit for Hall voltage.
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Figure 10. - Equivalent circuit for Hall voltage applied over
part of generator.
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