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(71) W e , UNITED KINGDOM ATOMIC 
ENERGY AUTHORITY, London, a British 
Authority, do hereby declare the invention, 
for which we pray that a patent may be 

5 granted to us, and the method by which 
it is to be performed, to be particularly 
described in and by the following state-
ment: — 

The present invention relates to an electro-
10 magnetic pump suitable for use in pumping 

molten sodium. 
More particularly, the present invention 

relates to an annular linear induction pump 
whidh may for example be used to pump 

15 molten sodium at temperatures up to 
650°C in situations where it is. not possible 
to provide cooling. A preferred application 
of. such a pump is as a prime mover for 
sodium coolant in fast nuclear reactors. 

20 Previous designs of such annular linear 
induction pumps have used discrete disc-
shaped coils placed around the outside of 
a flow annulus. To produce a travelling 
radial field, the cofls are energised from a 

25 three-phase electricity supply. In such an 
arrangement, numbering from one end of 
the arrangement of coils, coil Nos. 1, 4, 7, 
etc. may be connected to phase 1, coil Nos. 
2, 5, 8, etc. to phase 2, and coil Nos. 3, 6, 

30 9, etc. to phase 3. Normally, each coil would 
have a number of turns and the coils in 
each phase would be connected in series to 
suit a high voltage, low current supply. H 
the number of turns per coil is reduced to-

35 one, a lower voltage, higher current supply 
is required which is less demanding on 
insulation. 

The present invention obviates the neces-
sity for joints between discrete coils and 

40 makes it possible to consider all ceramic 
insulations for very high temperatures. Fur-
ther, the present invention simplifies the 
manufacture of the pump and enables the 
windings to be located on the inside of the 

45 flow annulus if desired. 
[Price 33p] 

According to the invention in an electro-
magnetic pump for molten sodium, the 
pump comprising a central core within a 
bore in a pump housing, the core being 
arranged co-axiafly with the longitudinal axis 50 
of the bore to define an annular flow passage 
between the wall surfaces of the core and 
of the wall of the bore, and a three-phase 
helical winding arranged co-axially with 
the longitudinal axis of the central core, 55 
the helical winding is located in a three-
start helical slot formed in one of the wall 
surfaces, the slot having a layer of elec-
trically insulating medium coating its wails 
and base, and the exposed surface of the 60 
winding is coated in insulating medium 
whilst the core or bore wall surface between 
adjacent locations of the slot is maintained 
free of insulating medium. 

Whilst, when utilising the discrete coils 65 
as 'in previous designs of annular linear 
induction pumps, the field travels in a 
straight line parallel to the axis of the 
pump, the magnetic field in a pump con-
structed in accordance with the present 70 
invention, executes a helix, the direction of 
motion of the field being always perpen-
dicular to the actual windings. This pro-
vides a force tending to cause rotation of 
liquid, e.g. molten sodium around the axis of 75 
the pump as well as parallel to it. If re-
quire!, straight baffles may be provided in 
the flow annulus to prevent any such rota-
tion. Further, however, the helical winding 
enables the pumps to be designed with a 80 
larger number of complete pole pitches 
than in previous designs and, therefore, any 
end losses may thus be proportionately 
smaller than in such previous designs. 

By utilising a helical winding, there is no 85 
necessity for joints as between discrete coils 
and also the helical winding may be located 
inside of or outside of the flow annulus. 

In a preferred embodiment of the present 
invention, a three-phase helical winding lies 90 
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in grooves in the central iron core, the 
winding forming a star point towards one 
end of the pump and the free ends of the 
winding towards the other end of the pump 

5 being connectible to a three-phase elec-
tricity supply. 

Although in this preferred embodiment 
the winding lies in helical grooves in the 
central iron core, .thus simplifying manufac-

10 ture, the helical windings may alternatively 
be located coaxially of the bore outside the 
bore or arranged on the inside wall of the 
bore. 

In a known annular linear induction 
15 pump, the central iron core is composed of 

radial laminations, the plane of the lamina-
tions lying parallel to the axis of the core. 
Ideally, the laminations of a helically 
wound pump would need to follow a helix 

20. which is everywhere at right angles to the 
windings. This would appear to be im-
possible to make, so preferably a few 
helical slits are cut into the surface of the 
core to interrupt the major eddy current 

25 paths, and the additional losses must be 
accepted. One compensating factor is the 
fact that the pump is to operate at very 
high temperatures and the resistivity of iron 
is about seven times that at ambient tem-

30 peratures, reducing any losses considerably. 
Hysteresis losses are also lower at the :high 
temperature provided the reduced satura-
tion flux density is not exceeded. 

The central iron core of the preferred 
35 embodiment is machined with a three start 

helical slot or groove. The slot width i s 
approximately twice the pole width and 
about equal to the slot depth, the pitdh of 
the slot being approximately equivalent to 

40 the diameter of the core, though it may be 
less for large pumps. Although the pump 
may 'be quite long in some cases e.g. two 
or more metres, the central core may be 
machined in convenient lengths and joined. 

45 In manufacture, the slots are insulated and 
the pole faces are either masked during 
this operation or the insulation ground 
from the pole faces afterwards. The wind-
ing is in the form of flat copper strips, 

50 several strips being located in each slot, 
this "laminating" of a winding makes it 
easier to wind and also reducing eddy 
current losses. The total thickness of copper 
is chosen to be less than the slot depth and 

55 at one end of the iron core, the three wind-
ings are terminated and joined together, to 
form a "start point". At the other end, 
suitable lengths of tails are left for connec-
tion to a three-phase electricity supply. The 

60 exposed surface of the copper winding is 
•then coated with insulation. 

Dependent upon whether the central iron 
core is to be used in a "wet replacement" 
or "dry replacement" arrangement, it will 

65 be respectively arranged either in a thin 

walled, close fitting sheath, e.g. a stainless 
steel tube, or a strong thimble with clear-
ance. "Wet replacement" means that the 
sheath is removed with the winding and 
core, whilst "dry replacement" means that 70 
the winding and core are removed without 
breaking the sodium containment. Better 
performance will however always be ob-
tained from a "wet replacement" arrange-
ment, because the magnetic gap between 75 
the core and fluid being pumped is. smaller 
and the losses are less than in a "dry re-
placement" arrangement. 

The present invention will now be fur-
ther described, by way of example, with 80 
reference to the accompanying drawings in 
which:— 

Fig. 1 is a cross sectional view of one 
embodiment of an electromagnetic pump 
constructed in accordance with the present 85 
invention, 

Fig. 2 is a longitudinal cross section of 
part of a second embodiment of an electro-
magnetic pump constructed in accordance 
with "the present invention, 90 

Fig. 3 is a sectional view taken along line 
II-H in Fig. 1; and 

Fig. 4 is a longitudinal cross section of 
part of a third embodiment of an electro-
magnetic pump constructed in accordance 95 
with the present invention. 

The embodiment of the annular linear 
induction pump illustrated in Figs. 1 and 
3. comprises an outer casing 1 having an 
inlet 2 and an outlet 3. Arranged in the 100 
outer casing is a thimble 4 i.e. a tube closed 
at its lower end and open to the outside of 
casing 1 at the upper end, the gap between 
the thimble and the outer casing providing 
an annular flow passage 5 through which 105 
the liquid e!g. molten sodium, can flow from 
inlet 2 to outlet 3. Within the thimble 4 
is arranged a three-phase helical winding 
6 which is wound around a central iron 
core 7 within a three-start helical slot. The 110 
slot has a layer of electrically insulating 
medium (for example, flame sprayed 
aluminia) coating its walls and base but the 
core surfaces between the slot are left clear 
of insulating medium. The exposed surfaces 115 
of the winding is also coated with insulating 
medium. At the bottom end i.e. as viewed 
in Fig. 3, of the central iron core 7, the 
windings terminate and are joined together 
in a "star point" 6a. The free ends 8 of 120 
the winding at the upper end of the core, 
are however, left free for connection to a 
three-phase electricity supply. An outer iron 
core 9 around the casing 1 is also evident. 

The thimble 4 and outer casing 1 have 125 
at their upper ends as viewed in Fig. 1, 
rims 10 and 10a respectively. These rims 10 
and 10a sealingly engage against each other 
closing the outer casing 1 to the outside. 
Should the central core or winding require 130 
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to be replaced, then this can be effected by such that a small annular flow passage 20 
removing the thimble and core and replac- exists between the tube and the sheath (23, 
ing with a new component. This is therefore 22), 
a "wet replacement" arrangement. When the three-phase helical winding is 

5 In order to interrupt major eddy currents connected to a three-phase electricity % 
produced in the surf ace of the core 7, helical supply, the magnetic field produced causes 
slits 11 are formed in the core surface, the the liquid e.g. molten sodium, to move 
path of the slits being in the opposite rota- through the flow annulus 20 in the direction 
tional direction to the winding 6, Ideally indicated by the arrows, thus acting as a 

10 the slits cross the path of the winding at pump. The central bore 13 in the iron core, 75 
right angles thereto. may be used for a return flow pipe or for 

In operation, the magnetic field produced any other purpose desired. Possibly, the 
by the helical windings 6 moves along a bore 13 could be used for cooling purposes, 
helical path causing the liquid e.g. molten One application of the invention is to 

15 sodium, to move from the inlet 2 to the insert a core as per the embodiment illus- go 
outlet 3 via the flow annulus 5. Baffles la trated in Fig. 2 in a control rod hole in a 
(Fig. 3) are provided in the flow annulus 5 fast reactor, the helical winding, when ener-
and take the form of elongate ribs which gised serving to pump the liquid along the 
are fixed on the inner surface, of casing 1 hole through the annular gap between the 

20 and extend parallel to the longitudinal axis control rode hole and the outer surface of 85 
of the pump, these baffles suppressing the the core. 
rotational component given to the liquid. Part of a third embodiment of electro-
The baffles can alternatively be provided on magnetic pump, is illustrated in longitudinal 
the thimble 4 or be omitted from the con- section in Fig. 4. This third embodiment is 

25 stfuclion so allowing helical flow. similar to the second embodiment illustrated 90 
In Fig. 2, a part of a second embodiment in Fig. 2 and like reference numerals have 

of electromagnetic pump is illustrated in been used for equivalent components. The 
longitudinal section. This embodiment has only difference is that the copper windings 
a central core 12 which has a central bore 18 are not provided in a three-start helical 

30 13. The central core 12 has a three start groove in the outer surface of the central 95 
helical slot 14 cut into its outer surface core 25, but are provided in a three start 

-leaving poles 15 therebetween, The slot helical groove 27 formed in the inner surface 
width is about twice the pole width and of the casing 26 i.e. effectively outside the 
about equal to the slot depth. Also, the pitch flow annulus 20. 

35 is about the same as the diameter of the Baffles similar to those provided in the 100 
core, the bottom and sides 16 and 17 re- embodiment illustrated in Figs. 1 and 3 
speetively, of the slot, being insulated with can be provided if desired, in either of the 
a coating 24 of flame sprayed aluminia. embodiments illustrated in Figs. 2 and 4, 
During this manufacturing operation, the and also helical slits 11 may be provided 

40 pole faces U5 are masked, though alterna- in the embodiments in Figs. 2 and 4 to 105 
. .lively the alumina may may ground off the interrupt eddy currents, though in the case 

pole faces afterwards. An alternative form of the embodiment in Fig. 4, the slits v/ill 
of insulation may be utilised e.g. Brittior be provided in the bote wall. 
(Registered Trade Mark) cement. The wind- The size of the winding required can be 

45 ings 18 are in the form of flat copper strips determined by calculation,' when the re- 110 
19 which are wound or laid in the slots, quired pressure gradient for the pump has 
several strips being located in a slot, - been decided. Once this required pressure 

This "laminating" of the windings makes gradient has been decided, the magnetic 
it easier to wind and also reduces eddy field strength to produce such a pressure and 

50 current losses, the total thickness of the hence the current required to produce such 115 
copper winding being chosen to be less a field, can be determined. Knowing the 
than the slot depth. At one end of the iron current, the size of the winding can then be 
core the three windings of the helical wind- determined from heat dissiptation and trans-
ing which are indicated in Fig. 2 by the fer considerations. 

•55 letters "R, Y and B", are terminated and The choice of dimensions for the flow 120 
joined together by brazing, to form a annulus is a compromise as a. wider gap 
"star point" as illustrated in Fig. 3. A coat- means that more current is necessary to 
ing 24 of insulation is applied to the exposed produce the required field and a narrow 
surfaces of the copper windings, again mak- gap produces a greater pressure drop or a 

60 ing sure the pole faces 15 remain clean, lower velocity of flow for the liquid. 125 
The core is located in a bore in an outer WHAT W E CLAIM IS: — 
iron casing 21, the bore of the casing 21 1. An electromagnetic pump for liquid 
being lined by a stainless steel tube 23, and sodium, the pump comprising a central core 
the diameter of the core 12 which is encased within a bore in a pump housing, the core 

-65 within a stainless steel sheath 22, being being arranged co-axially with the longi- 130 
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tudinal axis of the bore, to define an annular 
flow passage between the wall surfaces of 
the core and of the wall of the bore, and a 
three-phase helical winding arranged co-

5 axially with the longitudinal axis of the 
core, the helical winding being located 
in a three-start helical slot formed in 
one of the wall surfaces, the slot having 
a layer of electrically insulating medium 

10 coating its walls and base and the 
exposed surface of the winding being coated 
in insulating medium whilst the core or 
bore wall surface between adjacent locations 
of the slot is maintained free of insulating 

15 medium. 
2. An electromagnetic pump as claimed 

in claim 1, in which the three-phase helical 
winding is located on the inside of the 
annular flow passage. 

20 3. An electromagnetic pump as claimed 
in claim 2 in which the three-phase helical 
winding is located in a three start helical 
slot running in the surface of the central 
core. 

25 4. An electromagnetic pump as claimed 
in claim 3 in which helical slits are pro-
vided in the surface of the central core, 
the helical path of said slits 'being in the 
opposite rotational sense about the longi-

30 tudinal axis of the core to the path of said 
helical slot. 

5. An electromagnetic pump as claimed 
in claim 4, in which the helical path of 
said slits crosses the helical slot at right 

35 angles thereto. 
6. An electromagnetic pump as claimed 

in claim 1, in which the three-phase wind-
ing is located on the outside of the annular 
flow passage. 

40 7. An electromagnetic pump as claimed 
in claim 6, in which the three-phase helical 
winding is located in a three-start helical 
slot formed in the wall of the bore. 

8. An electromagnetic pump as claimed 
45 in claim 7, in which helical slits are pro-

vided in the bore wall, the path of the slits 
being in the opposite rotational sense about 
the longitudinal axis of the core to the path 
of said helical slot. 

50 9. An electromagnetic pump as claimed 
in claim 8, in which the helical path of the 
slits crosses the helical slot at right angles 
thereto. 

10. An electromagnetic pump as claimed 
in any one of claims 3 to 5 or 7 to 9, in 55 
which the regions between adjacent slot 
locations taken in a direction parallel to 
the longitudinal axis of the core, form 
electromagnetic pole faces, the slot width 
being approximately twice the pole face 60 
width taken in said direction parallel to 
the longitudinal axis of the core, and 
approximately equal to the pole depth. 

11. An electromagnetic pump as claimed 
in claim 10, in which .the pitch of the slot 65 
is approximately equal to the diameter of 
the core. 

12. An electromagnetic pump as claimed 
in any one of the preceding claims in which 
the winding is formed from flat copper 70 
strips. 

13. An electromagnetic pump as claimed 
in any one of claims 3 to 5, or claims 10 
to 12 when dependent upon any one of 
claims 3 to 5, in which the central core 75 
includes and is enclosed in a thin-walled, 
close fitting sheath. 

14. An electromagnetic pump as claimed 
in claim 13, in which the sheath is made of 
stainless steel tube. 80 

15. An electromagnetic pump as claimed 
in any one of claims 3 to 5, or claims 10 
to 12 when dependent upon any one of 
claims 3 to 5, in which the core is located 
in a tube in the bore in the pump housing, 85 
which tube is closed at one end and opens 
to the outside of the pump housing at the 
other end thereof. 

16. An electromagnetic pump as claimed 
in any one of the preceding claims, in which 90 
baffles in the form of elongate members 
extending substantially parallel to the 
longitudinal axis of the core, are provided 
in the annular flow passage. 

17. An electromagnetic pump as claimed 95 
in claim 16, in which the elongate members 
are fixed to the wall of the bore. 

18. An electromagnetic pump for use 
in pumping molten sodium, constructed and 
arranged substantially as hereinbefore de- 100 
scribed with reference to and as illustrated 
in the accompanying drawings. 

Chartered Patent Agent, 
Agent for the Applicants. 

L. A. D U N N I L L 
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