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The present invention relates to pumps, and more par-
’ucularly it relates to an electro-magnetic type pump for
pumping metals which are in a liquid state.

Most liquid metals are difficult and dangerous to handle
because of the characteristics of some of them which are
liquid at low temperatures and because some of the other
metals must be raised to high temperatures before be-
coming liquid. In providing a pump for pumping liquid
metals it is desirable that there be no moving parts in
contact with the liquid metal as in conventional pumps
so as to eliminate seals or stuffing boxes through which
the liquid metal might leak. Therefore, it has been
found that the safest and most practical pumps are of the
electro-magnetic type in which electro-magnets outside a
conduit are used to build up forces within the liquid metal
in the conduit thereby to move the liquid metal through
the conduit.

At present I believe that there are four types of electro-
magnetic pumps, first the direct current or Faraday, sec-
ond the alternating current conduction, third the alter-
nating current polyphase conduction, and fourth the
electro-magnetic centrifugal. These four types of electro-
magnetic pumps have various well known disadvantages
and considerable effort has been directed to the develop-
ment of more practical and efficient liquid metal pumps
for commercial operation.

For example, the Faraday pump requlres a source of
extremely high amperage at low voltage in order to pro-
duce reasonable pumping pressures at good flow rates.
Thus, expensive direct current generators or rectifiers and
large and costly bus bars for conducting the current to
the pump are required. The result is an expensive and
complicated installation having an overall efficiency con-
siderably lower than that of the pump itself.

In the alternating current conduction pumps, high
amperage circulating eddy currents are generated which
makes the I2R eddy loss extremely high. In addition if is
usually necessary to use expensive condensers for the
phase shift of the alternating current. These pumps are
limited to applications involving small capacities and
low heads where the initial cost must be kept to a mini-
mum and where efficiency is not important.

In the alternating current polyphase conduction pumps,
it is usually necessary to have a 10 or 20 cycle current
to get optimum efficiency, but such current requires ex-
pensive frequency conversion equipment. However, the
most serious defect with this pump is the problem of
cooling the windings in the pump when the liquid metal
being pumped is at a high temperature. Air must be
blown over the windings to keep them cool, but since the
windings are close to the liquid metal there is a great heat
loss within the pump which greatly lowers its practical
temperature of operation.

The fourth type of pump, the electro-magnetic cen-
trifugal pump, is described in an article by Edward S.
Brill, entitled “Developments of Special Pumps for Liquid
Metal,” appearing in Mechanical Engineering, volume
75, No. 5, pages 369 to 370. As described in that article,
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this pump is a centrifugal pump in which the liquid
metal is caused to rotate within a circular container with
increasing speed until the liquid metal is pumped centri-
fugally outward through a conventional volute. As in
the usual types of centrifugal pumps it is to be expected
that this pump suffers from high hydraulic losses.

The present invention provides an electro-magnetic
type liquid metal pump which is simple in construction,
economical to manufacture, and which will pump liquid
metals over a wide range of temperatures, pressures and
flow rates and with greater efficiency than presently avall-
able in electro-magnetic pumps.

Two embodiments of a pump embodying the present
invention are illustrated in the drawings. In addition the
construction and operation of an eddy brake have been
illustrated diagrammatically in certain figures of the
drawings, because the pump of the present invention op-
erates upon physical principles which are similar to the
principle of operation of an eddy brake.

Further objects and advantages of the present invention
will be apparent from the following description and ac-
companying drawings in which:

Fig. 1 is a perspective view of one embodiment of a
pump of the present invention;

Fig. 2 is a vertical section along the line 2—2 of Fig. 1.

Fig. 3 is a longitudinal section through the center of
a second embodiment of pump of the present invention
taken on the line 3—3 of Fig. 4.

Fig. 4 is an end elevation of the pump shown in Fig.
3, looking at the pump from right to left of the position
shown in Fig. 3, and with the left hand half shown in
vertical section, taken on the line 4—4 of Fig. 3.

Fig. 5 is a perspective view illustrating an eddy brake
schematically;

Fig. 6 is an enlarged side elevation of a portion of a
disk of an eddy brake indicating the paths of the eddy
currents induced by the motion of the disk through the
flux between the magnetic poles;

Fig. 7 is a perspective view of a portion of the disk
of an eddy brake in which the direction of the flux be-
tween the magnetic poles, the induced eddy current and
the resultant force are illustrated;

Fig. 8 is a side elevation of the disk of an eddy brake
showing the direction of the induced eddy currents and
resultant forces when a plurality of pairs of magnetic
poles are spaced around the disk with the poles of like
polarity on the same side, and

Fig. 9 is a view similar to Fig. 8 but showing the di-
rection of the induced eddy currents and resultant forces
when alternate pairs of magnetic poles are reversed.

The embodiment of the pump of the present invention
iltustrated in Figs. 1 and 2 of the drawings comprises a
conduit 20, electrical conductors 21 and 22 adjacent to
opposite sides of the conduit, permanent magnets 23 and
24 spaced apart and located adjacent to the opposite sides
of the conduit which extend between the electrical con-
ductors. The conduit 20, which may be made of stainless
steel, extends in a substantially arcuate path through the
gap between the poles of the permanent magnets 23 and
24. The entrance portion 25 and exit portion 26 of the
arcuate path of the conduit are spaced a relatively short
distance apart.

The clectrical conductor 21 is a solid ring of material
of high electrical conductivity, such as copper. As shown,
it is secured to the inside of the adjacent arcuate portion of
the conduit, for example by a thin continuous film of high
temperature, high electrical conductivity solder 21q, for
The other electrical con-
ductor 22, also made of material with high electrical con-
ductivity is secured to the outside of the adjacent arcuate
portion of the conduit, for example by a thin continuous
film of high temperature, high electrical conductivity
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solder 22¢. The conduit 20 and electrical conductors
21 and 22 are thus attached together and they are secured
to the frame 28 by the bracket 29 which is attached to the
frame and to the electrical conductor 22.

The magnets 23 and 24, which are spaced apart and
arranged on opposite sides of the conduit 20, are perma-
nent magnets with their poles adjacent to opposite sides
of the conduit 20. The north pole 234 and south pole
23b of the magnet 23 are respectviely opposite the south
pole 24 and the north pole 24a of the magnet 24 so that
flux, which is the magnetic lines of force, existing be-
tween the opposite magnetic poles passes through the
conduit 20,

The magnets are secured to the shaft 30 which ex-
tends loosely through the passage at the center of the elec-
trical conductor 21 and is journalled for rotation in the
bearings 31 which are mounted in the frame 28. The
shaft 30 is rotated continuously in the direction of the
arrow 32 by any conventional means, such as an electric
motor.

As shown the major portion of the arcuate path of
the conduit 20 is substantially circular and the axis of the
shaft 30 coincides with the center of said portion of the
arcuate path of the conduit. Thus when the shaft is ro-
tated, the poles of the magnets 23 and 24 are carried
orbitally around the axis of the shaft and they are thus
moved along the conuduit adjacent to the sides of the
arcuate portion thereof, the conduit being located in the
gap between the poles. )

In operation liquid metal from a supply (not shown)
enters the entrance portion 25 of the arcuate path of the
conduit and the movement of the poles of the magnets
23 and 24 along the conduit 20 creates forces which act
on the liquid metal in the conduit and move the liquid
metal through the conduit. Thus liquid metal is forced
out through the exit portion 26 by the pressure of the
liquid metal being moved through the arcuate portion of
the conduit.

The creation of the forces which move the liquid metal
through the conduit 20 will now be explained with refer-
ence to Figs. 5 to 9 which illustrate diagrammatically an
eddy brake and its operation, the principle of which is
similar to the principle of operation of the pump of the
present invention. In Fig. 5 a disk 10 of material with
high electrical conductivity, such as copper, is attached
to the shaft 11 and is rotated in the direction of the arrow
12. Permanent magnets 13 and 14, the poles of which
are north and south respectively, are located at opposite
sides of the rotating disk 10, so that the rotating disk
cuts the flux 18 which exists between the poles of the
magnets 13 and 14.

Referring to Fig. 6, as the flux 18 is cut by the rotation
of the disk 10, eddy currents Ie are produced in the disk.
The eddy currents Ie move in the arcnate paths 16a
and 16b in opposite directions about the flux and merge
in a coincident path 17 which is normal to the flux 18 and
in a radial direction relative to the axis of the disk 10.

In Fig. 7 the direction of the coincident path 17 of the
eddy currents, which is the maximum intensity of the
eddy currents, is shown and it is perpendicular to the
flux 18. The flux 18 and the coincident path 17 of the
induced eddy currents Ie produce a resultant force 19
which extends in the direction indicated. This force 19
is perpendicular both the the flux 18 and to the coincident
path 17 of the eddy currents Ie and is opposite to the
direction of movement of the disk 10; hence it tends to
stop the rotating disk 1¢ and acts as a brake.

Fig. 8 illustrates the four coincident paths 17, 17a, 17b
and 17c¢ of eddy currents Ie and the resultant forces 19,
19a, 196 and 19c¢ which are created when the rotating
disk 10 cuts the flux 18 between four sets of magnetic
poles located on opposite sides of the disk and spaced
equal distances apart. In this instance all the poles of
similar polarity are on the same side of the disk. The
four coincident paths 17, 174, 17b and 17c of the eddy
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4
currents extend radially from the axis of rotation of the
disk as indicated, and the resultant forces 19, 192, 19
and 19¢ are all opposite to the direction of rotation of
the disk.

Fig. 9 is like Fig. 8 except that two sets of magnetic
poles, the ones at the top and bottom, are reversed so that
of the four poles on each side of the disk two are north
poles and two are south poles. As indicated by the coin-
cident paths 174 and 17e of eddy currents Ie, reversing
the magnetic poles reverses the direction of the coincident
paths of the eddy currents created. However, this does
not affect the direction of the resultant forces 194 and
1%¢ which remain opposite to the direction of rotation
of the disk as indicated.

Therefore it makes no difference on which side of the
disk 10 a pole of particular porality is located. As long
as the flux passes through the disk, to be cut by the
rotation of the disk and the disk is of material with high
electrical conductivity, eddy currents Ie are induced and
a resultant force which opposes motion of the disk is
created. .

The pump of the present invention operates on the same
principle of operation as the eddy brake. However, in
the pump of Figs. 1 and 2 it is the magnets 23 and 24
which are rotated and the flux between their poles thus
moves relative to the conduit 20 and the electrical con-
ductors 21 and 22 which are equivalent to the disk 10 of
an eddy brake. The pump of Figs. 1 and 2 thus amounts
to forming an arcuate conduit in the disk 10 of the eddy
brake of Fig. 8 or 9 and rotating the magnets instead of
the disk 10, the conduit being located between the poles
of the magnets.

Referring to Fig. 2, the movement of the magnet 23
and 24 (in the direction of the arrow 32) causes the flux
between their poles to be cut by movement relative to the
conduit 20 and to the eletcrical conductors 21 and 22.
Three main eddy currents are induced as indicated at 34,
35 and 36, and the interaction of the flux and these eddy
currents produces resultant forces 37 acting on the liquid
metal within the conduit 20. Since it is the magnets which
rotate, the resultant forces 37 are in the same direction as
the movement of the magnets, as indicated because, the
motion of the magnets relative to the conduit 20 and the
electrical conductors 21 and 22 is in the opposite direction
to what it would be if the magnets were stationary and
the conduit and electrical conductors were rotated as was
the disk of the eddy brake.

Spaces 38 and 39 are provided between the poles of
the magnets 23 and 24 at each side of the conduit 20.
These spaces are larger than the gap between the opposed
poles 23a and 24b and 23b and 24a of the magnets 23
and 24, so that the flux which passes between the closest
poles of opposite polarity will pass through the conduit
20 between the opposed poles on opposite sides.

It will be appreciated that any desired number of pairs
of magnetic poles may be used and that they may be of
either the permanent magnetic type or the direct current
electromagnetic type. Also, the magnetic poles at a given
side of the conduit may all be of the same polarity.
However, for the effective creation of an eddy current
necessary for the operation of the pump, there should
be portions of the conduit 20 which are at some instant
free of flux in order for the eddy current to make a com-
plete path through the conduit between the magnetic poles
into one electrical conductor, back through the conduit,
and returning through the other electrical conductor to
its starting point. Otherwise the flux while tending to
create eddy currents will prevent their creation by pre-
venting their return through the conduit in the opposite
direction which would occur if there were flux in the
same direction traversing the entire arcuate portion of
the conduit. The conduit is illustrated as being rectangu-
lar in cross-section, but this is not a limiting configura-
tion, and the word “sides” as used herein is used in a
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broad sense and will embrace non-planar boundaries or
berders of the conduit.

The forces 37 acting on liquid metal in the conduit 20
try to move it through the conduit at the same speed at
which the magnets 23 and 24 move. However, if the
liquid metal could move as fast as the magnets, there
would be no relative motion between the flux transverse-
ly through the liquid metal and the liquid metal. As a
result no eddy currents and no resultant forces 37 would
be produced to continue to move the liquid metal and
the above described operation of the pump would cease
until the movement of the liquid metal was retarded be-
low the speed of movement of the magnets. This situa-
tion does not arise, however, due to slippage of the liquid
metal. This slippage or difference in speed of movement
of the liquid metal in the conduit and the magnets is due
to resistance to the flow of liquid metal through the con-
duit. This resistance is caused by a combination of hy-
draulic losses as the liquid metal flows and the external
resistance or pressure head against which the liquid metal
is being pumped. Therefore, eddy currents are con-
tinnously created and pressure developed in the liquid
metal by the operation of the forces 37.

In addition to hydraulic losses there are also losses
associated with the eddy currents that circulate through
the wall of the conduit. Consequently, the material
forming the walls of the conduit should preferably be of
high electrical resistivity material or be kept thin to pro-
duce optimum efficiency. Moreover, optimum efficiency
is obtained when the proportioning of the pump is such
that the slip of the liquid metal in the conduit is small
for the desired head and flow rates. Furthermore, the
electrical resistance around the eddy currents should be
kept as small as possible by making the elements through
which the paths of the eddy currents travel of relatively
large cross section and of material having good electrical
conductivity. It is for this reason that the electrical con-
ductors 21 and 22, which are of material which has high
electrical conductivity, are also solid and of relatively
large cross section.

The pressure that is developed in the liquid metal in
the conduit at each eddy current is equal to

8.85Blex10-8
d

where pressure is in pounds per square inch; the density
of the flux B in the gap between the magnetic poles is in
lines per square inch; the eddy current Ie is in amps.;
and d, the width of the conduit between the magnetic
poles is in inches. The current developed in the eddy is
proportional to the density of the flux in the gap between
the magnetic poles 23a and 24b and 23b and 24a; conse-
quently for optimum efficiency the density of the flux
should be as high as it is possible to provide.

A second embodiment of the pump of the present in-
vention is shown in Figs. 3 and 4. This embodiment is
preferred for industrial size units, for example of 3,000
gallons per minute capacity at 30 pounds per square inch
pressure head, whereas the first embodiment is preferred
for laboratory scale uses. In this embodiment the con-
duit 40 is attached between two electrical conductors 41
and 42 which are solid rings of material with high elec-
trical conductivity, such as copper. The conduit and
electrical conductors are fixed in position concentric to
the shaft 43 by securing the electrical conductor 41 to the
frame 44 by the screws 45. The shaft 43 is rotated by
any well known means such as an electric motor and is
journalled in the frame 44 by the bearings 46, 47 and 48.
The conduit 49 is formed in an arcuate path having its

entrance 49 and its exit 50 spaced a relatively short dis- 7

tance apart and which extend outwardly from the arcuate
portion of the conduit. The entrance 49 and exit 50 ex-
tend outside the pump through passages formed in the
electrical conductor 41 and the frame 44 of the pump.
A direct current electro-magnet is secured on the shaft
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43 s0 as to be rotated thereby and is located adjacent to
the conduit and within its arcuate portion. As shown
in Fig. 4, electromagnetic means in the form of a cross
provides four arms, each of which is a pole of a magnet,
the two arms '53a and 535 being north poles and the other
two arms 53¢ and 53d being south poles. Electro-mag-
netic forces are built up in the four poles 53a, 53b, 53¢
and 53d by the respective windings 554, 55b, 55¢ and 554
which are connected to any suitable sources of direct cur-
rent (not shown). Surrounding the outside of the arcuate
portion of the conduit 4¢ and concentric with the axis
of the shaft 43 is a ring 54 of magnetizable material such
as soft iron which is supported for rotation with the shaft
43 by being connected to the inwardly extending edge 56
of the generally dish-shaped circular supporting member
57 which is attached to the shaft 43. The inside diam-
eter of the ring 54 is undercut at four intervals 58 to
provide four projections 59a, 59b, 59¢ and 594 (59d is
opposite 59¢) with their ends adjacent to the conduit 40.
These four projections are spaced apart and located re-
spectively opposite the electro-magnetic poles 53a, 53b,
53¢ and 53d. When energized the poles of the electro-
magnets 53a, 53b, 53¢ and 53d magnetize the projections
394, 59b, 59c and 59d by induction and these projections
thus become magnetic poles of opposing polarity to the
electrically energized poles 53a, 53b, 53¢ and 53d respec-
tively. In the claims the expression “magnetc pole” in-
cludes magnetizable material such as one of these projec-
tions magnetized by an electro-magnet spaced therefrom.

As the poles (53a, 53b, 53¢, 53d and 59a, 59b, 5%¢
and 59d4) are rotated in the direction of the arrow 69,
the magnetic lines of force indicated by the arrows 61
and 62 are cut by the motion of the poles relative to the
conduit 40 and liquid metal therein. Eddy currents
thereby induced circulate transversely through the con-
duit 49 and into the electrical conductors 41 and 42 so
that resultant forces are built up and act on the liquid
metal in the conduit in the desired direction of flow and
move the liquid metal through the conduit.

From the foregoing it will be apparent to persons skilled
in the art that this invention provides a novel and efficient
electro-magnetic liquid metal pump which is simple in
construction, economical to manufacture, which will
pump metals over a wide range of temperatures, pressures
and flow rates and with greater efficiencies than electro-
magnetic pumps heretofore available.

It will be understood that the above description is of
two preferred embodiments of the present invention and
that various changes may be made without departing
from the spirit thereof.

I claim:

1. Apparatus for pumping electrical conductive fluid
comprising a tubular conduit for conducting said fluid
from an entrance to an exit position, electrical conductor
means extending lengthwise along oppositely-disposed
sides of said conduit in electrical connection with said
fluid between said entrance and said exit positions, mag-
netic pole means including at least one pair of spaced
magnetic poles producing at least one discrete magnetic
fluid field therebetween adjoining substantially field-free
regions, means mounting said magnet pole means to di-
rect said flux field through said fluid between and sub-
stantially parallel with said oppositely-disposed sides of
said conduit, said magnetic poles encompassing a distance
lengthwise along said conduit and producing said uni-
directional flux field for a distance lengthwise along said
conduit which are less than the distance which said con-
ductor means extend along said conduit, and means op-
eratively connected to said mounting means for mechani-
cally moving said magnetic pole means along said con-
duit in one direction lengthwise of said conduit, whereby
said conductor means circulate the currents generated in
said fluid through said substantially field-free regions and
through paths of interaction with said flux field wherein
propulsive forces are produced on said fluid substantially
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in one direction alone from said entrance to said exit.

2. The combination of claim 1 wherein said magnetic
pole means comprises a plurality of magnet poles dis-
posed along each of two oppositely-disposed sides of said
conduit transverse to said first-named sides with adjacent
poles on each of said second-named sides in spaced re-
lationship, said adjacent poles being of opposite polarity,
and wherein said magnetic pole means produces a plu-
rality of spaced magnetic flux fields separated by said
substantially field-free regions, each of said magnet poles
and the spacing to an adjacent magnet pole encompassing
a total distance lengthwise along said conduit which is
less than the distance which said conductor means extend
along said conduit.

3. The combination of claim 1 wherein said magnetic
pole means comprises an electromagnet winding ener-
gized by unidirectional current and wherein said magnet
poles are magnetized by said electromagnet winding.

4. The combination of claim 1 wherein said conduit
includes side walls extending intermediate said opposite-
ly-disposed sides of said conduit and which are of high
electrical resistance in relation to the electrical resistance
of said conductor means, and wherein said means for
mechanically moving said magnet pole means moves said
magnetic pole means adjacent said side walls of high
electrical resistance.

5. Apparatus for pumping electrically conductive fluid
comprising a tubular conduit for conducting said fluid,
electrical conductor means extending lengthwise along
first oppositely-disposed sides of said conduit in electrical
connection with said fluid from a conduit entrance to a
conduit exit, at least one pair of opposed magnet poles
of opposite polarity producing a discrete unvarying uni-
directional magnetic flux field adjoining substantially
field-free regions and disposed on second oppositely-dis-
posed sides of said conduit transverse to said first sides
to direct said field through said fluid between said first
sides of said conduit, said magnetic poles each encom-
passing a distance lengthwise along said conduit which
is less than the distance which said conductor means ex-
tend along said conduit, and means mechanically moving
said magnet poles along said conduit in one direction
lengthwise of said conduit to move said discrete unvary-
ing flux field along said conduit in said one direction,
whereby said conductor means circulate the currents gen-
erated in said fluid through said substantially field-free
regions and through paths of interaction with said field
wherein propulsive forces are produced on said fluid
substantially in said one direction alone.

6. Apparatus for pumping electrically conductive fluid
comprising a tubular conduit extending in an arcuate path
lengthwise from a fluid entrance to a fluid exit, electrical-
ly conductive material extending lengthwise along op-
positely-disposed sides of said conduit in electrical con-
nection with said fluid in said conduit, rotatable magnet
pole means including at least ome pair of spaced op-
positely disposed magnet poles producing at least one
discrete unidirectional magnetic flux field adjoining sub-
stantially field-free regions and along an arcuate path
corresponding in shape to said conduit path, said magnet
pole means encompassing an arcuate distance and pro-
ducing said discrete field for a distance less than the
distance which said conductive material extends along
said conduit, means mounting said magnet pole means
to direct said flux field through said fluid between and
substantially parallel with said oppositely-disposed sides
of said conduit, and motive means operatively connected
to said mounting means for rotating said magnet pole
means in one direction, whereby said conductive material
circulates the currents generated in said fluid through
said substantially field-free regions and through paths of
interaction with said flux wherein propulsive forces are
produced on said fluid substantially in said one direction
alone.

7. Apparatus for pumping electrically conductive fluid
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comprising a tubular conduit extending in a path arcuate-
ly about an axis from a fluid entrance to a fluid exit,
arcuate electrical conductors extending lengthwise along
oppositely-disposed sides of said conduit in electrical con-
nection with said fluid in said conduit, a plurality of
pairs of oppositely disposed magnet poles angularly
spaced about said axis and producing unidirectional mag-
netic flux along a plurality of discrete angularly-spaced
arcuate flux paths each corresponding in shape to said
conduit path and each angularly adjoining substantially
field-free regions, said magnet poles each encompassing
an arcuate distance and each producing flux along one
of said paths for an arcuate distance less than the distance
which said conductors extend along said conduit, means
mounting said magnet poles to direct said flux through
said fluid between and substantially parallel with said
conductors, and motive means operatively connected with
said mounting means for rotating said magnet poles ir
one direction about said axis, said magnet poles and
flux paths being angularly spaced by amounts permitting
currents generated in said fluid to circulate from said
conductors in return paths through said fluid in said
regions which are substantially free of said flux, whereby
propulsive forces on said fluid are produced substantially
in said one direction alone.

8. Apparatus for pumping electrically conductive fluid
comprising a tubular conduit extending in a path arcuately
about an axis from a fluid entrance to a fluid exit, arcuate
electrical conductors extending lengthwise along opposite-
ly-disposed sides of said conduit in electrical connection
with said fluid in said conduit, a plurality of pairs of
oppositely disposed magnet poles rotatable and angularly
spaced about said axis and producing unidirectional mag-
netic flux along a plurality of discrete angularly-spaced
arcuate flux paths each corresponding in shape to said
conduit path and each angularly adjoining substantially
field-free regions, said magnet poles each encompassing
an arcuate distance and each producing flux along one
of said paths for an arcuate distance less than the distance
which said conductors extend along said conduit, angular-
ly adjacent ones of said magnet poles being of different
polarity, means mounting said magnet poles to direct
said flux through said fluid between and substantially
parallel with said oppositely-disposed sides, means op-
eratively connected to said mounting means for rotating
said magnet poles in one angular direction about said
axis with said flux disposed to intercept said fluid in space
between said conductors, whereby currents generated in
said fluid by flux in any one of said flux paths circulate
from said conductors through return paths through said
fluid in said substantially field-free regions and produce
propulsive forces on said fluid substantially in said one
angular direction alone.

9. Apparatus for pumping electrically conductive fluid
comprising a tubular conduit extending in a path arcuate-
ly about an axis from a fluid entrance to a fluid exit,
arcuate electrical conductors extending lengthwise along
first oppositely-disposed sides of said conduit in electrical
connection with said fluid in said conduit, first and sec~
ond magnetic members rotatable about said axis and each
having a plurality of discrete magnetized magnet poles
extending in angularly spaced relationship therefrom,
angularly adjacent ones of said magnet poles of each of
said members being of different polarity and being angu-
larly spaced to have angularly adjoining substantially
field-free regions, means mounting said magnet members
for rotation together about said axis with magnet poles
of opposite polarity disposed opposite one another on
second oppositely-disposed sides of said conduit trans-
verse to said first sides with a predetermined spacing
therebetween and directing magnetic flux in discrete angu-
larly-spaced fields through portions of said conduit inter-
mediate said conductors, said magnet poles each encom-
passing an arcuate distance and producing said discrete
flux fields along arcuate distances less than the distance
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which said conductors extend along said conduit, and
means operatively connected to said mounting means for
rotating said magnetic members about said axis, said
predetermined spacing between opposite magnet poles
being less than the angular spacing between magnet poles,
whereby currents generated in said fluid by any one of

sajid flux fields circulate from said conductors through -

return paths through said fluid in said substantially field-
free regions and produce propulsive forces on said fluid
substantially in one direction alone.

10. The combination of claim 9 wherein each of said
magnet poles and the angular spacing between two ad-
jacent poles encompasses a total arcuate distance less
than the distance which said conductors extend along said
conduit.

11, The combination of claim 9 wherein said first mag-
netic member orients said magnet poles thereof for ro-
tation concentrically inside said arcuate path of said con-
duit, wherein said second magnetic member orients said
magnetic poles thereof for rotation concentrically outside
said arcuate path of said conduit, and wherein said arcuate
conductors are substantially parallel in spaced axial re-
lationship along said axis.

12. The combination of claim 9 wherein one of said
conductors extends concentrically along the inside arcuate
portion of said conduit and the other of said conductors
extends concentrically along the outside arcuate portion
of said conduit, and wherein said magnetic members each
orient the magnet poles thereof for rotation about said
axis along said second oppositely-disposed sides of said
conduit.

13. The combination of claim 9 wherein said conduit
is of substantially rectangular cross-section and is in the
form of an arc of a circle with said fluid entrance and
fluid exit closely adjacent to each other, wherein said
conductors extend along said conduit over substantially
the full width of said first sides, wherein said second
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sides comprise walls of said conduit between said con-
ductors which are of high electrical resistance in relation
to the electrical resistance of said conductors, and where-
in said magnet poles are disposed for movement adjacent
said conduit walls of said high electrical resistance.
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