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Abstract

Introduction

In most cases where use of I1nduction MHD
generators with fluid metal (Figures 1, 9)
as the working fluld 1s considered, a high
power denslity 1s required. Hence there 1s
a great need for optimlzing this machine,
and therefore the typlcal differences be-
tween the MHD machine and the conventional
asynchrone machine must be taken into con-
sideration. The most luportant differences
are:

1. The gap between 1ron cores 1in the MHD
machine 1s very large, and thls diminishes
the power factor.

2. Because of the open conditions of the
winding system, end effects occur which
diminish the net power.

In the following paragraphs proposals are
made to minimlize the influence of the above
characteristics, and some experimental in-
vestigations are reported.

The Influence of the large Gap and the Use
of Cryogenically Cooled Windings

Numerlcal evaluation of the machlne per-
formance, based on the determination of the
impedance of the machine(1l,2), nas shown
that the power factor cos ¢ 1s very low be-
cause of the low main reactance) and that
unacceptably high ohmic losses occur in the
coils 1f the power density is to be accept-
able.

A possibllity to overcome the resulting
difflculties 1is given by the use of c go-
genics for cooling of the coil system(2,3),
We can show the advantages of this method
on the graph of the factor w (Figure 2).
It is
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and hence w 1s equal to the ratio of the
ohmic losses in the colls plus the power of
the needed heat pump by use of cryogenlc
cooling to the losses of the sam? ?achine
with conventional winding system 4y,

The factor w can be diminished down to
15% if the temperature of the coils 1s held
to cryogenic region. It 1s evident that
the most sultable agerial for the coils
would be berylliumT5 at 70°K.

Nevertheless, in Figures 3, 4, and 5, an
MHD generator model using aluminum for the
cryogenlc cooled coll system 1s compared
to a model of the same dimenslons using a
conventional winding system. The compari-
son shows that a cryogenically cooled
machine produces a much higher power with
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better power factor, and 1t has a higher
power density, even if the mass and the
power of the heat pump are added.

The Influence of the End Effects and the

Selection of Optimal Conductivity

In the above investligation end effects
are not taken into consideration, but this
is allowed because only the temperature of
the windings is to be optimized. But for
the determlnation of the real performance
of the machlne, the conslderation of the
erid effects 1is of major importance. A
complete theoretlcal investligation of the
problem based on the two-sided Laplace-
Transform 1is given in Reference 6. The
numerical evaluation of thls theory for an
MHD model of constant length L with NaK as
the working fluld leads to the current
diagrams of Figures 6 and T7a.

Comparison of the performance for p = 2,
p=2U4, p =6 shows that: ,

1. The real performance of the machine
1s much different from the 1deal perfor-
mance (without consideration of end effects)
for small pole-numbers p, but neglectable
for p greater than 6.

2. The real performance has an optimum
with p = 4 (Figure 7b). (Ideal performance
would be optimal for p = 1!) But the in-
fluence of the end effects 1s shown to be
a function of the conductivity. So, 1f we
consider Hg as the working fluld 1n the
same machline, the optimum performance 1s
found for p = 2 (Figure 8).

In Figure 8 the optimum performance pos-
sible with NaK (for p = 4) 1s compared to
the optimum performance possible with Hg
(for p = 2) as the working fluild in the
same machine. The comparison shows that
the performance in the second case (wilth
Hg) 1s better. It is evident that the bet-
ter performance 1n the second case 1s due
to the better ratio A a because p could
be selected p = 2. But if the conductivity
1s higher, the end effects are very strong
for lower values of p , and one finds that
it must be p = 4 for the optimum perfor-
mance. But for p = 4 the ratio »Na 1is
four times smaller than in the first case.
It follows that in order to design an MHD
machine with an optimal performance, a
simultaneous optimization of two parameters
(pole-pair number p and conductivity of the
working fluid o) based on the above theory
(References 6 and 7) is needed.

Experimental Facility and Results of Empty
Channel Measurements
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An experimental MHD converter with Hg as
the working fluild buillt in the DVL-Insti-
tute for Energy Conversion is shown 1n
Figure 9. The three-phase winding system
1s made from copper tubes so that cryo-
genlc cooling with liquid nitrogen 1s pos-
sible, and.it is provided that the wave-

length of the magnetic fleld, being normally

A = 0.20 m, can be easily changed over to
A = 0.40 m. Some information about this
machine 1s given in Table 1. Until the
present time, the empty channel measure-
ments include the determination of the
impedance for various wavelengths and
numbers of wavelengths and investigatilons
of the magnetic fleld in the middle plane
of the channel.

Table 1
v = 380V
£ = 50 Hz
b = 0.080 m

0.40 m or 0.20 m

a = 0.005 m

= 0.019
L = 1.6 m
N = 1080/m

Some results of these measurements are
the following:

1. If the wavelength remains constant,
the magnetic relatlons in the short-stator
machline do not depend on the length of the
machine (i.e., on the number of the pole-
pairs p).

2. If the length of the short-stator re
remains constant, the reactance of the
machlne c¢an be I1ncreased by increasing the
ratio Na , i.e., by increasing the wave-
length (Figures 10a and 10b for L = 1.6 m).
But there 1s an upper limit of this ratilo
when the working fluild 1s interacting in
the .channel, which must be determined by
means of the theory of the end effects
(see preceding section).

3. The fileld distribution for empty
channel condition 1s shown in Figure 11
for p.=8, 5, 3 and A = 0.20 m. The trav-
elling wave (x = 20 cm) as photographed
for three instants of the polyphase cycle
and for p = 8, 5, 4 is shown in Figure 12%,

It 1s shown that, as the wave 1s travelling,

the end- disturbances change thelr form but
they do not practically exceed more than a
wavelength. Furthermore, they are the
same for all lengths of short-stators and
for even or odd numbers of pole-pairs.

‘in the photographs of Figure 12 the oscll-
lograms are shown symmetrical to the hori-
zontal axls because the Y-display indicated
the a.c. voltage 1nduced in the probe coil,
and rectifying was not convenlent or desir-
able.
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Conclusions

Two typlcal characteristics of the linear
inductive MHD machine, the large gap and
the short-stator, highly influence the per-
formance of the lirear induction MHD gener-
ator machine. Cryogenlc cooling of the
colls is proposed as a means of increasing
the power density of the machine. The end
effects, resulting from the short-stator
conditions of the machine, can be minimized
by the optimal cholce of two parameters:

wavelength and conductivity of the working
fluid.
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Nomenclature

channel height
channel width
frequency
current

J -1
total length of the machine
conductors number per unit of

length (1n the coils)

power

number of pole-pairs or wavelengths
corresponding to the machine-length L
slip

temperature (°K)

370°K

voltage
voltage phasor
phase voltage

hasor

ohmic component of U
Inductive component of U

Impedance
reactance

ratio of the efficlency of the heat
pump to the efficlency of the Carnot-
cycle working between T and To

wavelength
resistivity at temperature T
conductivity :

angle between I and T
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Beryllium
BeO O%her Impurities

1 2000 ppm 155 ppm
2 1000 ppm 155 ppm
3 500 ppm 155 ppm
L 100 ppm 100 ppm
P e
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Figure 2
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-Fig. 3 Current Phaser Locatlon Dlagrams

of an MHD Machine

(a) with cryogenically cooled
windings system at 20°K

(b) with conventional winding system.

The parameter 1s the slip s.
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Fig. 4 Mechanical Power Py

Power P, as a Function of the

Slip s gor an MHD Machine

(a) with cryogenically cooled
windings at 20°K

(b) with conventional winding
system.

and Network

Fig. 5

Power Factor and Efficlency as a

Function of the Slip s for an

MHD Machlne

(a) with cryogenically cooled
Winding system

(b) with conventional winding
system

v A L=1.6m p=2
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Fig. 6 Current Phaser Locatlon Dilagram
(parameter: slip s) for an MHD Machine

(a) with the end effects taken into account
(inner diagram)

(b) without consideration of the end effects

(outer diagram)
H »
A L=16m, p=24

Fig. 7a Current Phaser Location Diagram
(parameter: slip s) for an MHD Machine

(a) with the end effects taken into account
(inner diagram)

(b) without consideration of the end effects
(outer diagram)
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with end effects
---=- without end effects
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Figure 9
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Fig. 7Tb Net Power and Efficiency of the
MHD Machine of Fig. Ta

WU —— with end effects
--~ Without end effects

oV

Working fluid Hg,
p=2

Figure 10a
P 20 A
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Working fluld Nak,
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Fig. 8 Optimal Current Phaser Diagrams Figure 10b
for Hg or NakK
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Figure 11
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Figure 12
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