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My invention relates to electromagnetic pumps of the
type employed to move electrically conductive fluids
such as molten metals without the use of pistons or
rotors.

It is known that if an electric current and an inter-
secting magnetic field are applied to conductive liquid
or gas, a force will be exerted thereon which is perpen-
dicular to the plane of the current and magnetic field.
This effect has been used in the past to pump liquid
sodium through heat exchangers in atomic reactors
wherein the electric current and a magnetic field lie in
a plane which is perpendicular to the fluid conduit axis.

In this arrangement, a force is exerted on the liquid
which is parallel to the axial liquid flow, the direction
of the force, and therefore the direction of displacement
of fluid, depending upon the choice of electrical and mag-
netic polarities. Thus, the fluid is accelerated in the axial
direction. Note, however, that in this way it is also
quickly moved out of the accelerating field of the inter-
secting current and magnetic field, thus cutting short the
time during which the liquid is accelerated.

In my novel pump, the electric current is passed
through the conductive fluid longitudinally instead of
transversely, and intersects a transverse magnetic field.
The intersecting magnetic field and electric current con-
sequently exert a force on the conducting fluid circum-
ferentially instead of axially. Means such as a conically
flared member are then provided to deflect the fluid spin-
ning under the influence of this force, in an axial direc-
tion,

Thus, in contrast to the prior art, my novel electro-
magnetic pump does not propel the fluid directly out of
the accelerating field. Instead it prolongs the accelera-
tion by whirling the fluid within the accelerating field
for a longer time before indirectly ejecting it therefrom.

Ordinary tangential ducts, deflector vanes, or the like
may be provided for redirecting the spinning fluid. A
preferred embodiment involves a conical outer wall re-
acting against the centrifugal force of the spinning fluid
to redirect the fluid in a spiral path having an axial dis-
placement. The direction of spin of the spiral will
depend on the choice of electrical and magnetic polari-
ties, but irrespective of direction of spin the axial feed
direction of the spiral will be from the smaller to the
larger end of the cone defined by the conical wall.

The circular component of the spiral keeps the fluid
whirling circumferentially within the accelerating field
for a relatively long time, acceleration continuing all the
while. The axial component of the spiral gives the fluid
an indirect motion in the axial direction, thus feeding it
gradually out of the accelerating field. This axial feed
is always in the same direction regardless of polarities.

This novel pump structure is found to have the advan-
tages of high pressure and fine control. In addition, the
direction of net displacement of liquids is independent of
electrical and magnetic polarities and no moving parts
are requ1red in the pump.

Accordingly, the primary object of my invention is to
provide a novel electromagnetic pump which exerts a
circumferential force on a fluid.

Another object of my invention is to provide a novel
electromagnetic pump which whirls a fluid within an
accelerating field, ejecting it therefrom indirectly.

Another object of my invention is to provide a novel
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electromagnetic pump which prolongs the acceleration
period of a conductive fluid.

Another object of my invention is to provide a novel
electromagnetlc pump which accelerates fluid over a path
long in comparison to the net axial dxsplacement thereof.

Another object of my invention is to provide a novel
pump with no moving parts.

Another object of my invention is to provide a novel
pump which develops a high pressure.

Another object of my invention is to provide a novel
pump which can be finely controlled.

Another object of my invention is to prov1de a novel
pump in which the path over which the fluid is acceler-
ated is of such a shape as to maximize its length.

Another object of my invention is to provide a novel
pump in which the direction of net displacement of liquid
is independent of electrical and magnetic polarities.

These and other objects of my invention will become
apparent from the following description when taken to-
gether with the drawings, in which:

FIGURE 1 is a schematic diagram of an electro-
magnetic pump of the prior art.

FIGURE 2 is a corresponding schematic diagram of
my novel electromagnetic pump.

FIGURE 3 is a longitudinal cross-sectional view of
my novel pump taken partially along the helical conduits.

FIGURES 4 through 7 are transverse cross-sectional
views of my novel pump taken along lines 4-—4 through
7—17 respectively of FIGURE 3, looking in the direction
of the arrows.

FIGURE 8 is a perspective view of my novel pump
with part of the magnetlc jacket cut away to expose part
of the conduit to view.

FIGURE 1 shows the operating principle of a well
known type of electromagnetic pump wherein arrow C
shows the direction of an electric current passing trans-
versely across the pipe and through the fluid, arrow B
shows the direction of magnetic flux transversely across
the pipe, and perpendicular to arrow C. Arrow F shows
the direction of the resultant force exerted on the fluid
and arrow D shows the direction of direct displacement
of fluid out of the accelerating field.

FIGURE 2 shows the novel principle of the instant
invention in conjunction with a conical conduit into
which a fluid is introduced. The current direction shown
by arrow C is longitudinal, the flux shown by arrow B
is radial, and the resultant force shown by arrow F is
circumferential. The axial displacement D is an indirect
by-product of the rotational motion of the fluid, caused
by its centrifugal reaction against the outer conical wall
which serves as a deflecting means to redirect the fluid
being rotated within the conical conduit.

FIGURES 3 through 8 show a preferred embodiment
of my novel invention where a conductive fluid 19 flows
through a conduit system consisting of intake conduit
or intake pipe 11, conical conduit 12 which serves as an
accelerating chamber, cylindrical conduit 13, three helical
conduits 14, funnel 15, and outlet conduit or outlet pipe
16.

It will be noted that the sectional view in FIGURE 3
is taken along the helical conduits in the portion showing
the helical conduits 14.

This conduit can be made of any material appropriate
for containing the particular conductive fluid 19 to be
pumped. In the case of molten metals, a refractory ma-
terial may be required. Conical conduit 12 has two an-
nular shaped electrodes of appropriate diameter, 21 and
22, mounted at the smaller and larger ends respectively
of its inner surface. The conical walls are preferably of
insulating material to prevent short circuiting of the cur-
rent path through the conductive fluid by the cone walls.

A cylindrical coil 26 is mounted coaxially within the



3,030,888

3

internal bore of cylindrical conduit 13. Coil 26 and the
conduit 13 may be separated by a coaxially mounted cylin-
drical heat insulator 25 to protect coil 26 from hot fluids
passing through conduit 13.

The pump is then provided with a magnetic structure
consisting of integral parts 29, 39, 31, 32 which surround
conduits 12 and 13 and coil 26 as best seen in FIGURE 3.

Conductors 28 surrounded by insulators 27 puncture
the magnetic jacket part 30 and are connected to energize
coil 26 from a variable source of D.-C. power to serve
as a flux gemerating means and set up a magnetic flux
through parts 29, 30, 31, 32 of the magnetic jacket.

Conductors 24 surrounded by insulators 23 puncture
magnetic jacket part 29, electrodes 21 and 22 being con-
nected thereby to the opposite sides of a second variable
source of D.-C. power to form a part of the electrical
energizing system for the pump. This connection will
cause a current to flow between electrodes 21 and 22
through the conductive fluid 8.

At the conical gap between flux guiding means or mag-
netic jacket parts 29 and 32, the magnetic flux intersects
the electric current substantially perpendicularly, exert-
ing a tangential force on the conducting fluid 19 which
tends to spin the fluid in a circumferential path within
conduit 12. The centrifugal motion thus imparted to
liquid 19 forces it against the conical wall of conduit
12, and fluid 19 is deflected strongly toward the wider
end of conical conduit 12, regardless of the direction
of circumferential spin.

Thus, fluid 19 follows a substantially spiral path
through the accelerating field in the conical conduit 12,
and because of the relatively great length of the spiral
path the fluid is kept within the accelerating field for a
relatively long time.

The fluid 19 is thus driven into cylindrical conduit 13
to break into three helical streams in leaving the pump
through conduits 14, and then converges in funnel 15
prior to being ejected through outlet pipe 16 under high
pressure.

Variation of the resistance in this portion of the elec-
trical energizing system or the energizing circuits for coil
26 and electrodes 21 and 22, as by a rheostat 49 or 41
respectively connected in series with control switches 42
and 43 respectively will vary the performance of the pump
with considerable sensitivity.

I have described my invention in terms of a specific
embodiment thereof solely for purposes of illustration,
and I intend to be bound only by the appended claims.

I claim:

1. A pump; said pump comprising an intake conduit;
a conical accelerating chamber and an outlet conduit;
said intake conduit, conical accelerating chamber, and
outlet conduit being connected to receive a fluid flow
therethrough; said conical accelerating chamber compris-
ing a first conical pole piece and a second conical pole
riece concentrically positioned with respect to said first
conical pole piece and in spaced and substantially parallel
relationship with respect to said first conical pole piece;
a flux generating means; said flux generating means being
disposed to pass magnetic flux across the gap defined by
said spaced first and second pole pieces; a first and second
annular electrode; said first and second annular electrodes
being coaxially disposed in said conical accelerating
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chamber and being axially spaced from one another; said
first and second annular electrodes being operable to pass
current through a fluid in said conical accelerating cham-
ber at an angle to said magnetic flux to exert a circum-
ferential force on the fluid within said conical accelerat-
ing chamber.

2. An accelerating chamber for a pump for conduc-
tive fluid; said accelerating chamber comprising a first
conical pole piece and a second conical pole piece, and a
first and a second annular current electrode; said first
and said second conical pole pieces being comprised of
magnetic material; said second pole piece being disposed
in concentric relation with respect to said first pole
piece; the adjacent faces of said first and second pole
pieces being in spaced and substantially paralle] relation-
ship with respect to one another to define an annular
conical gap; said first and second annular current elec-
trodes being disposed in said annular conical gap in co-
axial relationship with said anaular conical gap and in
spaced axial relationship with respect to one another.

3. A pump for an electrically conductive fluid medium;
said pump including an intake conduit, a conically shaped
accelerating chamber having an intake end and an outlet
end and an outlet conduit; said intake conduit being con-
nected to said intake end of said conically shaped accel-
erating chamber; said outlet conduit being connected to
said outlet conduit; an electrical system for passing a
current through conductive fluid in said conically shaped
accelerating chamber in a direction parallel to the slant
height of said conically shaped accelerating chamber;
said electrical system including a first and second elec-
trode positioned within said conically shaped accelerat-
ing chamber and being spaced from one another in the
axial direction of said accelerating chamber; means op-
eratively associated with said accelerating chamber for
generating a magnetic flux across said accelerating cham-
ber; at least a component of said magnetic flux being
perpendicular to the surface of said conically shaped ac-
celerating chamber.
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