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PREFACE 

In the group Direct Energy Conversion of the Eindhoven University of 

Technology a shock tube MHD experiment is available. Different types 

of channels are being designed. To analyse measurements, a method 

has been developed to distinguish several types of losses affecting 

the generator performance. 

The authors acknowledge stimulating discussions with the members of 

the Group and especially with Professor L.R.Th. Rietjens. 

Mr. C.G.M. van Kessel has performed this study as an engineer-thesis 

at the Eindhoven University of Technology. Mr. J.W.M.A. Rouben is a 

staffmember of the group Direct Energy Conversion. 

The authors wish to thank Miss A.D.Th. van Amelsvoort for typing the 

manuscript. 
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ABSTRACT 

In this report an equivalent resistance network for a linear segmented 

Faraday type MHO generator is developed. The loss mechanisms are 

characterised by non-dimensional parameters. The calculated parameters 

using measured data are compared with values derived from an idealised 

physical approach. The influence of scaling effects has been studied. 

Numerical results are given for two experiments: the CNEN Blow-down 

Loop Facility at Frascati in Italy and the Argas II at Ju1ich in the 

Federal Republic of Germany. 
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NOMENCLATURE 

b distance between the insulator walls 

+ 
B magnetic field strength 

+ 
E electric field strength r , 

t 

h distance between the electrode walls 

j current density 

+ 
J current 

K load factor 

I electrode pitch 

m exponent in the velocity profile equation 

p power density 

R resistance 

Re length Reynolds number 
x 

+ 
u velocity 

v voltage 

x distance from channel inlet 

S Hall parameter 

y effective Hall angle in the coreflow 

o aerodynamical boundary layer thickness 

O. electrical insulator wall boundary layer thickness 
1S 

6* electrode wall boundary layer displacement thickness 

n efficiency 

p loss parameter 

a conductivity 
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Subscripts 

a attainable value 

A anode voltage drop 

e electrical 

eff effective 

el electrode wall boundary layer 

i ideal 

is insulator wall boundary layer 

K cathode voltage drop 

L load 

s reference parameter 

w wall 

x axial direction 

y transverse direction 

'" coreflow 

<> average 
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I. INTRODUCTION 

Experiments have shown that a small-size non-equilibrium MHO generator 

is governed by several types of losses: 

An equivalent amount of power delivered to the load is dissipated in 

the electrode boundary layer. This layer, produced by aerodynamical 

and surface sheath effects,forms a substantial resistance in addition 

to the load. 

- Currents through the boundary layers and channel walls as well as 

current leakages to ground reduce the attainable Hall and Faraday 

fields. This results in a reduced electron temperature elevation. 

- The internal resistance of the generator is increased by the effects 

of finite segmentation. The internal resistance is further increased 

if the microscopic Hall parameter exceeds a critical value. 

Usually, the losses are treated theoretically by iSOlating one effect 

and assuming other loss mechanisms to be negligible. However, in 

experiments many factors interact making it difficult to analyse the 

actual performance of a generator. Gasparotto [I] has considered the 

Frascati generator using an equivalent resistance network. In parti

cular, the network was set up to study current leakages to ground. 

Hoffman [2],[3] has studied in detail the influence of boundary layers 

along electrode and insulator walls on the electrical characteristics 

of an MHD generator. The influence of various loss mechanisms on the 

performance of the MHO generator has also been studied by Holzapfel [4] 

by means of generalised characteristics. 

In this paper, an equivalent resistance network for the linear segmented 

Faraday generator is developed. The loss mechanisms mentioned, affecting 

the generator characteristics, are treated by means of non-dimensional 

parameters. With the use of the measured load voltage, load current, and 

Hall voltage in addition to gasdynamic operating conditions and the 

measured electrode voltage drops, it is possible to calculate three of 

these non-dimensional loss parameters. To obtain information on the 

optimum attainable values of the parameters, they are also derived from 
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a simplified physical approach. At the end of the paper the effects of 

scaling the generator and the influence of the calculated losses on 

larger-size generators are analysed. 

With this study we have tried to obtain a method of answering the 

following questions. 

(I) What is the impact of a loss mechanism on the voltage-current and 

Hall voltage characteristics, power density, efficiency, etc. of 

a generator? 

(2) Which loss mechanism affects the generator performance most 

seriously under the measured operating conditions? 

(3) In what way can maximum improvement of the generator be anti

cipated? 
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2. EQUIVALENT RESISTANCE MODEL FOR A LINEAR SEGMENTED FARADAY GENERATOR 

Besides the usual MHD approximations, we assume - in order to postulate 

the model - that: 

(1) the flow in the channel can be divided into a boundary layer and a 

coreflow; 

(2) average properties characterise the two parts of the flow; 

(3) the plasma conditions of the stationary flow are constant in a 

periodic segment. 

For the description of the coreflow we use Ohm's law 

V 
x 

= 

E h - u Bh yoo 00 

where R. = h/o lb 1y 00 

the wall. J and 
x oo 

direction (see fig. 

- s 1:. J R. 
00 h yoo 1y 

J R. - S -hI J R. 
y~ 1y 00 XOO 1y 

and the axial voltage V is x 
J are the currents in the yoo 

1 ) • 

The first loss parameter is defined by 

= 
R. 1y 

R 'R . xel xw 
2 R 1 + R xe xw 

assumed to be imposed 

axial and transverse 

(I) 

(2) 

on 

(3) 

i.e. the ratio between the total axial resistance for wall and boundary 

layer and the transverse core resistance. 

According to our approach the Hall currents in core and boundary layers 

have no axial dependence. They are coupled with the transverse current 

by Ohm's law. Since a Faraday generator is being calculated, the total 

current in the axial direction over a cross-section is zero. These 

requirements along with Eqs. (1) and (3) yield 



J xoo 
J yoo 

= 
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- S l/h 
00 

(4) 

It should be noted that for the values p = 0 and p = 00 we have con-
x x 

tinuous electrodes and ideally segmented electrodes, respectively. 

Combination of Eq. (4) and Ohm's law in the transverse direction results 

in 

E h - u Bh = J R (5 ) yoo 00 yoo yoo 

[ . s' ] R = 
h2 /:2 + 1 Riy yoo 

Px 

The introduction of the effective transverse resistance R offers the yoo 
possibility of considering the transverse direction separately. To 

treat the circulating currents in the transverse direction along the 

insulator wftll, we define a loss-parameter for the leakage resistance 

R. (fig. 1) as 
Y1S 

1 R 
2 yis 

(6) I R. + R 
Y1S yoo 

This loss-parameter acts as a load factor. In agreement with Eustis [5] 

and Lengyel [6] we ,have assumed that the insulator wall boundary layer 

will not extend to the electrode wall. This leads to a direct connec

tion of the resistance R. to the coreflow elements (see fig. 1). The 
Y1S 

voltage drops across the electrode wall boundary layers are inserted in 

the loss parameter as two resistances RA and ~ 

= 

From this equation it follows that for p = p. we have no voltage 
y 1S 

drops. These boundary layer resistances include the effects of surface 

sheath and current concentration, in addition to the electrical resis

tance of the aerodynamical boundary layer. 
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A loss parameter for the leakage resistance of the insulator walls Ryw 

is defined as 

= 
! R yw 

! R + P R yw Y y~ 
(8) 

The modified load factor for the resistance ~ in which the generator 

power is consumed, is 

= (9) 

Using the configuration of the network and the defined parameters we 

arrive, after some calculation, at the following set of equations 

V
L 

I).PwPis = 
- u Bh 

( 10) 
~ 

J [, - Pwi). 82 r 2 -, ][ 1:.. 1.8 • 1 + ~ 

= Pis + 
J Py P~s Px h2/l2 + I . s 

(II) 

J
L -I). ~ . 8

2 r ~ 

= Pis 
h2/12 J Py + I s Px 

(12) 

V - 8 l/h 2 [, - Pwl). , - , ] x ~ + 1S = Pis - u Bh 
I + 8

2 h2/l
2 Py 2 

~ + P Pis ~ x 

( 13) 

where 

- u Bh 
~ 

J = s R. 1y 

To obtain a convenient non-dimensional expression the reference values 

-u Bh and J for voltage and current have been used. The combination 
~ s 

of Eqs. (10) and (12) results in the current-voltage characteristic, 
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while Eqs. (10) and (13) give the Hall voltage characteristic. These 

equations are linear. However, it should be remembered that owing to the 

non-equilibrium ionisation the conductivity can vary from point to point 

of the VL-JL characteristic. Hence, the actual load characteristics may 

not be linear. The electrical efficiency and the power density are 

JLVL P (1 - 1))1), [, - P K -, l' w w L 1S (14) ne = = + 2 - J u Bh Py Py yoo 00 Pis 

JLVL 
2 

~ . 8
2 r a u2B2 

PisPw 
(1 - I),)KL 

00 

(15) Pe = hlb ---
00 00 Py h2/l2 Px + 1 
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3. CALCULATIONS 

To express the generator performance by means of the loss parameters 

the fo110wing'data are needed: VL, Vx ' J L, u",' B, a"" /3"" Vdrop ' h, 

1, and b. 

In order to solve the set of Eqs. (10), (12) and (13) together with the 

measured voltage drops, we have to estimate one loss-parameter since we 

are dealing with four equations and five unknowns. The easiest way is 

to include in the load resistance the insulator wall leakage resistance. 

Then we have to substitute p = 1. 
w 

If it is very likely that the wall 

leakages !ire the dominant losses, we can also choose, for example, 

p. '= I, and work along an equivalent procedure. Elimination leads to 
1S 

three inhomogeneous polynomials of the third and fourth degrees. 

f(Pis' Py) = 0 (16) 

g(px ' Py) = 0 ( 17) 

h(p , p. ) = 0 
X 1S 

(18) 

of which two are independent of each other. 

The detailed expressions are given in Appendix A. It is not very easy 

to obtain an analytical solution of this algebraic set of equations. 

Therefore, we have chosen to proceed to the differential equations 

ap 
x ap = 
y 

af I af - ap ap:-
Y 1.S 

_lL!lL ap ap 
y x 

They can be solved by a numerical procedure. 

integration variable. The integration starts 

The parameter 

with p • p. 
Y 1S 

(19) 

(20) 

Py is the 

and goes 
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on until the value corresponding to the measured voltage drop is 

reached. 

With a view to a more detailed study, the partial derivatives of the 

power density and electrical efficiency with respect to the loss para

meters are now calculated. For this purpose we have to take into account 

the interdependence of these loss parameters. By differentiation with 

respect to p we have to consider 
x 

that the parameters p. and pare 
1S y 

defined by means of the effective transverse resistance R ,which 
y= 

contains the parameter p • x 
following condition must be 

= constant 

By differentiation with respect to p. the 
1S 

fulfilled 

Considering the above, the derivatives are 

dn 
e 

dpy = 

dn 
e 

'(i'p.""' 
1S 

dn e 
dP x 

= 

= 

an e 
apy 

an e --+ ap. 
1S 

an e 
ap 

y 

dp. 
--..2:.! + 
dp 

x 

an e 
op 

y 

dp 
~ 
dp. 

1S 

(21 ) 

(22) 

(23) 

The derivatives for the power density are similar. The detailed ex

pressions are given in Appendix B. 



- 14 -

4. ATTAINABLE VALUES OF THE LOSS PARAMETERS 

The loss parameters of an actual MHD generator defined in chapter 2 and 

calculated in accordance with chapter 3 will never reach the ideal 

values because we can never avoid some of the processes responsible for 

the various losses. To get insight into the attainable level, in this 

chapter the loss parameters will be estimated from the principal loss 

processes to be presented in a simplified form. Owing to the finite 

segmentation and axial leakage currents through the boundary layer and 

channel walls there is a certain angle between the current streamline 

and the transverse direction. A schematic current streamline is shown 

in fig. 2 (note that the ratio insulator/electrode space is taken equal 

to unity). The angle between current streamline and the transverse 

direction in the coreflow is given by 

tan y = 
p + 

x 

(24) 

From a more detailed current pattern [6] it can be observed that the 

current concentrates on the upstream edge of the anode and the down

stream edge of the cathode. The attainable level of the segmentation 

loss is estimated by assuming that the mean current follows the dotted 

line. From this new angle it follows that 

= 2 l s 
h 00 

Hence, the segmentation correction on R. becomes 
1y 

R yoo = 1 
2h)~y 

The result is similar to Salvat [7]. 

(25) 

(26) 

It is well known that currents can circulate within a cross-section of 

the plasma flow even if the generator walls are perfect insulators [a]. 
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These eddy currents have their return path through the low velocity 

region in the insulator wall boundary layer (see fig. 3). In agreement 

with the network We assume that the leakage currents do not pass through 

the electrodes. At a distance o. from the insulator wall the trans-
1S 

verse current . changes direction and we can separate the current flow in 

the core from the current flow along the walls. Using this model and 

the definition (6) the loss parameter is stated as 

= 

with 

aeff 
= 

! h 
a. 10. 

1.8 1.8 

h + 
a ffl(b - 20. ) e 1S 

a 
~ 

B2 
~ 

1 + 
h

2
/1 2 

Px + 1 

h 
a. 16. 

15 18 

= a. o. 
2 1S 1S 

a ff(b 26.) e 1S 

(27) 

+ 1 

(28) 

The transverse conductivity of the layer along the insulator wall is 

calculated using a vector model with the assumptions B = B. and 
~ 1S 

u. = 0 (see Appendix C) 
1S 

a. 
1S 

= 
1 - K 

~ 

(29) 

To determine the location of the sign reversal mentioned we start from 

a modified Ohm's law 

= E - u(z)B 
Y 

Before proceeding any further, an effective load factor for the coreflow 

is introduced, viz. 

E = 
Y 

K u B 
~ ~ 
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which, using Eqs (5), (9) and (II), obtains the form 

K 
00 

= ~ R p. J Y($J 18 
Pis I - =~-+""-'(-Py-_--z.p':""'):::R:--+"'-P-.-=-R-

-~ is yeo 1.8 yaJ 
(30) 

Note that in the present case (p - p.)R = R + ~ is a constant. y 1S. yoo a -1< 
We then have 

u(O.) = K U 
18 00 co (31 ) 

Assuming a turbulent flow whose boundary layer velocity profile is given 

by 

u(z) 
u 

max 
= [t) 11m (32) 

and taking as an approximation u equal to the mean channel velocity, 
00 

viz. 

u 
00 

= (33) 

in addition to Eqs. (27), (29) and (30), we obtain the fourth relation 

required to calculate 0is and thus Pisa' viz. 

= + 2mo J 
m + I 

(34) 

In the preceeding ~pressions 0 stands for the aerodynamical boundary 

layer thickness. The latter and the exponent m depend on the length 

Reynolds number R at a distance x from the channel inlet. Thus 
ex 

o = O 32 X R
-O.2 

• ex 
(35) 

m ~ 7 in'the range 5'104 < R 
~ ex 

6 
< 10 [9]. 

From various calculations of measured data it appears that the attain

able loss parameter p. is very near to unity. 
1S 
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In order to calculate the loss parameter p we assume, following Eustis 
y 

[10), that the aerodynamic boundary layer resistance is the major 

contributor to the voltage drops. We distinguish a channel flow and 

two stagnant layers near the electrode walls (see fig. 4). The layers 

have a thickness equal to the displacement thickness of the velocity 

profile (Eq. (31», viz. 

6* ~ ---~ 

1 + m 

o 

The loss parameter becomes 

~ 
~ 26* [aeff _ 1] 

h ae1 
(36) 

with a
e1 

the conductivity of the stagnant layer which, owing to the 

short-circuited Hall field in the vicinity of the electrodes, is given 

by 

a 
~ 

~ 

With the aid of these reference values we can refine our conclusion 

about the performance of the generator in terms of an attainable in

crease in power dehsity and efficiency resulting from the difference 

between the calculated and the estimated values of the loss parameters 

multiplied by the partial derivatives 

lip . 
e,] 

lin . 
e ,J 

~ 

~ 

where j = x, is, and y. respectively. 

(37) 
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5. EFFECTS OF SCALING 

In this chapter is examined the performance of the generator scaled in 

geometry to larger sizes. The partial derivatives describing the 

scaling are divided into two parts: 

(1) that in which the loss parameters are fixed and only the direct 

influence of the channel geometry is considered; and 

(2) that in which the loss parameters, after the physical models of 

the preceding chapter, are scaled. 

For instance, the derivative of the electrical efficiency with respect 

to the electrode pitch is 

with 

dn 
e 

dl = 

t = 

an + __ e 

1 + 

ap 
x 

dp 
-2! + 
d1 

+ 1 

an e 
at 

dp. 
--2:.! + 

d1 

an 
e 

ap 
y 

dp 
-.:J.. 
d1 

(38) 

The second term in the first part represents the influence of the axial 

plasma resistance. Similar derivatives exist for the power density and 

the other channel dimensions (see Appendix D). 

It should be noted that the partial derivatives 

t, and the loss parameters are calculated after 

with respect to R. , 
~y 

the values obtained in 

chapter 3. The total derivative of the electrical efficiency with 

respect to the volume of a periodic channel element is given by 

dn e 
'd'V = 

1 
hb 

dn 
e 

db 

a similar expression exists for the power density. 

(39)' 
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6. ANALYSIS OF TWO EXPERIMENTAL MHD GENERATORS 

Owing to the co-operation with the the MHD groups at Frascati [II) and 

Jiilich [IZ) it is possible to present some results from two experimental 

generators. 

In both cases the measuring data did not include the plasma quantities 

cr and S. They are estimated using the formula 

n 
e 

• B 
~ 
eE 

x 
[ 13) (40) 

the Saha equation to obtain the electron temperature, and a cr and S 

diagram [14). The resulting values are corrected for instabilities by 

+ ZS 
00 

cr 
00 

--.,,- cr 
I + SZ 

00 

= 

R is estimated on the following way 
ex 

R 'V 
ex 

= 2 

[ 14) 

p, Ma and Tg represent the pressure, the Mach number and the gas

temperature, respectively, 

(41 ) 

The voltage drops used in the Frascati calculation were obtained from 

[15), while in the case of the Jii1ich calculation 30 Volts were taken 

as a reference value. 

The data used and the results obtained for the two experimental 

generators are presented in tables I and II. Tables I-A and II-A 

show the calculated loss parameters 

values are also included. 
x' . and 

1S y' 
The attainable 
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We can conclude that as well in the Frascati generator as in the Argas II 

voltage drops and insulator wall losses are dominant. The maximum gain 

in power density can be obtained by decreasing these loss mechanisms. 

The axial losses do not influence the power density. The performance of 

the Julich generator is low for the given conditions. 

Tables I-B and 11-B contain the results of scaling the generators. The 

maximum increase in power density and efficiency follows from the first 

part of Eq. (38) for the Frascati generator and for the second part for 

the Julich generator. 
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7. CONCLUSION 

It is possible to calculate loss parameters of an MHO generator by means 

of an equivalent resistance network. Such calculations have been per

formed for two experiments. The results show that the voltage drops and 

insulator wall losses are dominant in both experiments. The limits of 

decreasing the losses are shown. By scaling up a small-size MHD gener

ator the maximum increase in performance can be obtained. 
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FIGURES 

Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 
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Equivalent resistance model for a linear segmented Faraday 

generator. 

Schematic current streamline in a segmented Faraday generator. 

Schematic current pattern in a cross-section perpendicular to 

the plasma flow. 

Schematic voltage pattern in a cross-section perpendicular to 

the plasma flow. 
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Fig. 2 
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TABLE I, FRASCATI BLOW-DOWN FACILITY, PERFORMANCE AND ANALYSIS 

(J = 5.1 mho/m e = 1.2 
~ ~ 

u~ = 1470 m/sec B = 3.57 T 

J L = -1.91 A Vx = 23.8 V 

x = 0.2 m h = 5 010-2 m 

Vd = 43 V m = 7 Re = rop x 

VL = -95.5 V 

50105 m-1 

1 = 9 010-3 m b = 3 010-2 m 

A. j x is y 

p. 
J 0.20 0.93 0.14 010 1 

ap 
0.17 0108 8 e 0.12 ap:- -0.12 010 

J 

an e 0.24 0.66 -0.17 ap:-
J 

p. 
Ja 0.69 0.10 010 1 0.10 010 1 

lip . 
e.J 0.61 010-1 

0.13 0107 0.43 0107 

lin e,j 0.12 0.50 010-1 0.600 10- 1 

n = 0.3294 P = 0.14 0108 W m-3 
e e 

B. 1; b 1 h V 

dn 
0.60 010 1 0.75,10 1 I 0.13 0105 e -0.14 010 

di; 
I. 

dne -I I 0.68 0.12 0104 

~ 
-0.30 0 10 -0018 010 2. 

dp 
0.96 0108 9 0.15 0109 0.21 010 12 e 

~ 
-0.81 010 I. 

dPe 
0.78 0106 . 9 

0.57 0108 0.91 010 11 

~ 
-0.18 010 2. 

dne 4 -3 
dV = 1.45 0 10 m 

I. and 2. refer to the first and second parts of Eq. (38), respectively 
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a = 11.9 mho/m S = 1.2 u = 391 m/sec 
~ ~ ~ 

B = 2.5 T V
L 

= -0.144 V 

m = 10 Re = 5.9'106 m- I 
x J

L 
= -0.144 A 

-2 
h = 8' 10 m 

A. 

B. ~ 

dn e 

~ 
dne 

d~ 
2. 

I • 
dp 

e 

~ 
dp e 

d~ 
2. 

Vx = 1.24 V Vdrop = 30 V 

1 = 1.6'10-2 m b = 8'10-2 m 

j x is y 

p. 
] 0.10'10-2 0.40 0.17'10

2 

ap -5 0.10'104 2 e 
ap. -0.38'10 -0.24'10 

] 

an 
0.64' 10-1 0.46'10-3 -5 e 

ap. 
-0.82'10 

] 

Pja 0;44 0.94 0.40 

lip . 
e,] 0.17'10-5 0.54'103 0.39'10 3 

lin . 
e ,] 0.28' 10- 1 0.25'10-3 0.14'10-3 

b 1 h V 

0.87.10-3 0.42'10-2 -0.84'10 -3 0.68 

0.27'10 
-I 0.14'10 1 -0.23'10 -I 0.23'103 

0.25'10 4 

0.60'10 5 

0.12'105 -0.24'10 4 

0.26'106 -0.50'105 

dp 
_e = 0.49.108 wm-6 
dV 

0.195'10 7 

0.(i7·108 

I. and 2. refer to the first and second parts of Eq. (38), respectively 
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APPENDIX A, POLYNOMIALS f(p. , p ), g(p , Py) AND h(p , p. ) 
18 Y X X 1.5 

By introducing the constants 

J L C =-
2 J 

s 

v 
x C

3 
= -~=-u S Bh 

00 00 

which are known from the measured data, the polynomials can be obtained 

in the following form 

with 

a
l 

= 

a2 
= 

a
3 

= 

a4 
= 

as = 

a6 

a7 

with 

f (p. , p ) 
1S Y 

- 2C 
I 

C2 
I 

= 

- C;(S: + I) -

C
I
C2(S: + I) + 

C2(S: + I) 

(h/l S:C3 - I) C I 

2 
- C2 (SOO + I ) 

b
l 

= C2 (C2 - I) h
S

/1
5 

+ C
I 

- h/l S2C 
00 3 

b
2 

= C
3 

h6/16 + C
I

(C
2 

- I) hS/1S 
+ hS/1S 

b
3 

= 2C
2

(C
2 

- I) h3/l3 
+ S:C2 (2C2 - I) h

3
/1

3 

o 

= 0 

b
4 

= (3 + S:)C
3 

h4/l4 + 2C
I

(C
2 

- I) h3/1
3 

+ 2 h
3
/1

3 
+ S:C I C2 h

3
/1

3 

( 16) 

( 17) 
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b
5 

C2(C2 - I) h/l + S:C
2

(2C
2 

- I) h/l + S4C2 h/l 
00 2 

b6 
= (3+ 2S2)C h2/l2 +C

I
(C

2
- I) h/l + h/l + S:C IC2 h/l 

00 3 

b
7 

= ( I + S:)C 3 

and 

h(p,p.) 
x 19 

(18) 

with 

d
l 

(C - I) h3/l 3 
2 

d2 C
3 

h~/l4 + h3/l 3 

d3 
= C2 h/l + C2S: h/l - h/l 

d4 
= (2 + S2)C h2/l2 + h/l 

00 3 

d5 
( I + S2)C 

00 3 
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APPENDIX B, PARTIAL DERIVATIVES OF THE POWER DENSITY AND ELECTRICAL 

EFFICIENCY 

In order to keep only Riy and ~ fixed, the load factor ~ is eliminated. 

The efficiency and power density have the following forms 

with R yoo 

= 

= 

tR. R [tR. I - p. J2 1Y1. 1Y + 1S 
-[-R-+-P=...i-t-=R-. -]""2 ~ + P tR. 2 

-1. Y 1y Y 1y Pis 

2 
2 2 p. R. R 

a u B __ -=1:.:S:....,:1",y_-=-1.-;c 
0000 [ ]2 R + p tR. -1. Y 1y 

tR. and t 1y 

Using these expressions, the partial derivatives are 

ap 
e 

ap 
y 

ap. 
l.S 

ap 
e 

dP x 

an 
e 

ap 
y 

an e 
ap. 

1S 

an 
e 

ap 
x 

= 

= 

= 

= 

= 

= 

- 2p eRr. 

at 
dP x 

- 2tR. l.y 

R. t 
l.Y 

+ p tR. 
Y l.y 

= 

R + P tR. -1. Y 1y 

2 - p. 
1S 

3 
p. 

l.S 

• Y Y • n [~ + p tRi J2 2 
tR. R e 

an 
e 

at 
at 
ap 

x 

l.y 1. 

~ 
R - P tR. 

L y l.Y 
= t(R + p tR. ) ne 

-1. y l.y 
:!} [_ (t 
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Inserting the derivatives in Eqs. (21), (22) and (23), the influences 

of the different losses on the efficiency and power density can be 

examined. 

I 



C-I 

APPENDIX C, THE EFFECTIVE TRANSVERSE CONDUCTIVITY OF THE INSULATOR 

BOUNDARY LAYER 

, , , , 
"
" 

e~ 
, "1f:!" , 

.... .... 

" K~'~--------- ---
..... 

..... 

In the transverse directions we have 

E = E cos ~ = 
y 

In the vector model it is 

assumed that 

(I) the electric field 
-+ 
E, 

the conductivity a 

and the Hall para-

meter S are the same 

in the coreflow and 

boundary layer, and 

(2) the flow velocity in 

the boundary layer is 

zero. 

It should be noted that 

the right-angled triangle 

[j/a, Sj/a, E*] stands for 

Ohm's law. 

Defining the effective transverse conductivity as 

a. 
1S 

= ~ = 
E 

Y 

jis cos (~ + a) 

E cos ~ 

we obtain with tan a S 
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(J. = 
1S 

To determine the angle ~ we proceed with 

K u B 
~ ~ 

tan WI = E 
x 

and 

(J - k )u B 
~ ~ 

tan W2 = E 
x 

or 

K 
~ 

tan WI = tan W2 - K 
~ 

Using the model relations; WI = Tf/2 '- $ and WZ " .. /,2 .. a ~ Y r(!$ults 

in 

tan ~ = 
- K .. a + tan X 

1 - a tan y 

With the, angle y between the ·transverse direction .atid .tbectit'reftt 

streamli'ne Eq. (24) we have the expression Eq. (29)mentione.d in 
chapter 4 

1 - K 
~ 
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APPENDIX D, THE PARTIAL DERIVATIVES DESCRIBING THE SCALING 

The first part of Eq. (38) can be calculated from the expressions for 

the power density and efficiency given in Appendix B. 

By determining the partial derivatives of the second part, the implicit 

relation of p. can be avoided by replacing Eq. (30) by 
1S 

K 
'" 

= (3D)] 

In this case, in agreement with Eqs. (27), (28), (29), (30)] and (34), 

the differentiation sketch for the parametet p. becomes 
1S 

which, for example, leads to 

dp. 
16 

dbr = [

3P . 30. 3p. 30.] 
~~+~~ 
ao. aK dO. dK 

18 00 ~s 00 

3K dR 3p. do. 
~ --I::.. + ~ --2!. + aR dbr dO. dbr yoo 18 

dp. 
16 

dbr 
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