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( 7 1 ) 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 statement:— 

This invention relates to electro-magnetic 
flow-meters. 

10 Electro-magnetic flowmeters are used in 
the nuclear reactor art for measuring or 
detecting the flow of liquid metal reactor 
coolant, such as, for example, liquid sodium. 
A typical electro-magnetic flowmeter for this 

15 purpose has a sensing unit comprising a 
primary coil flanked on each side by a 
secondary coil. An alternating current passed 
through the primary coil induces a current in 
each of the secondaries. When a liquid metal 

20 flows over or through the group of primary 
and secondary coils the electro-magnetic flux 
is distorted and the differential of the voltages 
induced in the secondary coils is an indication 
of the rate of flow of the liquid metal. Such 

25 electro-magnetic flowmeters have been used 
to operate a trip mechanism whereby in the 
event of the rate of flow falling or rising to a 
preselected level a signal is initiated to shut 
down a nuclear reactor. In order to avoid 

30 spurious trips of the reactor due to mal-
function of a flowmeter, it is usual to use 
three or more sensing units spaced at inter-
vals along the flow path and arrange for a 
trip signal to be effective only when initiated 

35 by two or more of the units. It is convenient 
to instal such a plurality of units in a reactor 
construction in a single assembly and until 
now it has been the practice to wind the coils 
by hand on a former which is then installed in 

40 a nuclear reactor coolant duct. Such assem-
blies are difficult to make and are of generally 
unsatisfactory construction. 

According to the invention a sensing unit 
assembly for an electro-magnetic flux dis-

45 tortion for use in liquid metal coolant of a 
nuclear reactor comprises coils of electrically 
insulated conductors each wound on an 
individual former, the formers and coils 
being mounted coaxially on a spine to form 

50 at least three spaced groups of coils arranged 

end to end, each group comprising two 
secondary coils and an intermediate primary 
coil, leads associated with the coils extending 
along a duct formed in the spine, each lead to 
terminate at a common end of the spine. 55 

A construction of sensing unit assembly 
for an electro-magnetic flux distortion flow-
meter according to the invention is described, 
by way of example, with reference to the sole 
diagrammatic drawing which accompanied 60 
the Provisional Specification and which is a 
sectional view. 

The assembly shown in the drawing com-
prises nine coils 1 of mineral insulated metal 
sheathed cable, the cable being of the kind 65 
having a single conductor. Each coil is wound 
on an individual tubular former 2 having 
flanges 3 at each end. The coils are arranged 
in three groups on a tubular spine 4, each 
group forming a sensing unit and comprising 70 
three end-to-end coils. The groups have 
spacer members 5 therebetween. 

Each group comprises two secondary coils 
'S' and an intermediate primary coil 'P' and 
the groups and spacer members are clamped 75 
between a nose cone 6 which closes one end 
of the bore of the spine and a screwed end 
collar 7. 

The coils have cable extensions forming 
leads and the leads are passed through a 80 
longitudinal slit 8 into the bore of the spine 
thence along the bore to the open end of the 
spine. The coils are double wound so that 
both leads of each coil are disposed at one 
end of the former each former having a radial 85 
slit 9 in the corresponding flange to enable 
the leads to pass through to the bore of the 
spine. The leads of each coil are twisted 
together to lock the windings together and to 
reduce electrical pickup. In the illustrated 90 
construction the secondary coils of each 
group are wound in series from a single 
piece of cable the interconnecting portion of 
the cable being housed in the bore of the 
spine. In such an arrangement only four leads 95 
are required for each group of coils but in an 
alternative construction the two secondary 
coils of each group are separately wound so 
that a total of six leads for each group are 
required to be passed along the bore of the 100 
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spine. The assembly is stream-lined by that in use in a nuclear reactor they are 
enveloping the coils in a metal sheath 10. exposed to oncoming liquid metal. A trip 

In use, the sensing unit assembly is located signal to shut down the reactor is initiated 60 
centrally in a liquid metal coolant conductor if two or more thermocouples sense an 

5 of a nuclear reactor with the nose cone undesirably high temperature. 
directed upstream of the flow. The leads The described constructions of sensing unit 
associated with primary coils are passed assembly for electro-magnetic flux distortion 
through the wall of the conductor and flowmeters are relatively simple to manu- 65 
connected to an alternating power supply facture and large quantities of high quality 

10 whilst the leads associated with the secondary instruments can be readily and economically 
coils are connected to suitable display manufactured, 
instrumentation. The voltages induced in the 
secondary coils are balanced against each WHAT WE CLAIM IS:— 70 
other to give a zero signal under no flow 1. A sensing unit assembly for an electro-

15 conditions. When liquid metal is flowed magnetic flux distortion flowmeter for use in 
along the conductor the electro-magnetic liquid metal coolant of a nuclear reactor, the 
field is distorted thereby creating an out of assembly comprising coils of electrically 
balance of the induced voltage in the second- insulated conductors each wound on an 75 
ary coils. The magnitude of the distortion individual former, the formers and coils being 

20 and induced voltages is dependent on the rate mounted coaxially on a spine to form at 
of flow of the liquid metal. The circuitry least three spaced groups of coils arranged 
associated with the secondary coils is arranged end to end, each group comprising two 
so that in the event of the induced voltage secondary coils and an intermediate primary 80 
differential of at least two of the groups coil, leads associated with the coils extending 

25 falling or rising to a preselected value (thereby along a duct formed in the spine, each lead 
indicating an unacceptably low or high rate to terminate at a common end of the spine, 
of flow of liquid metal) a trip signal is 2. A sensing unit assembly according to 
initiated to shutdown the reactor. Thus in the claim 1 wherein the spine is tubular the leads 85 
event of a malfunction of a single group of extending through a longitudinally extending 

30 coils a spurious shutdown of the reactor is slit in the wall of the spine and along the bore, 
avoided. 3. A sensing unit assembly according to 

In an envisaged alternative construction claim 1 wherein the duct for the leads is 
wherein the bore of a tubular spine is intended defined by a groove extending longitudinally 90 
to form the conducting path of the liquid along the outer surface of the spine. 

35 metal, a longitudinal groove is formed in the 4. A sensing unit assembly according to 
outer surface of the spine instead of the slit any one of the preceding claims wherein the 
and the associated leads are passed along it two secondary coils of each group are wound 
thence to the power supply and instrument- in series from a single conductor. 95 
ation. In such a construction the electrical 5. A sensing unit assembly according to 

40 conductors (which are not in contact with the any one of the preceding claims wherein the 
liquid metal) may have simple, for example, coils are wound from mineral insulated metal 
ceramic, electrical insulation without metal sheathed cable. 
sheathing. In another construction the assem- 6. A sensing unit assembly according to 100 
bly carries a group of at least three thermo- any one of the preceding claims and having a 

45 couple hot junctions for measuring the metal sheath enveloping the groups of coils, 
temperature of flowing liquid metal. The 7. A sensing unit assembly according to 
thermocouples each comprise a thermoelectric any one of the preceding claims and having a 
cable having a metal sheath and a co-axial thermocouple hot junction for measuring the 105 
conductor with ceramic insulation. Each temperature of flowing liquid metal. 

50 cable is of 'U ' shape and the conductor 8. A sensing unit assembly substantially 
comprises chromel and alumel sections which as hereinbefore described with reference to the 
are butt joined in the base of the 'U ' shape to sole drawing accompanying the Provisional 
form a hot junction. The thermoelectric Specification. 110 
cables are housed in the bore o f the spine and 

55 pass through passages in the nose cone 6 of L. A. DUNNILL, 
the assembly, the hot junction containing Chartered Patent Agent, 
bases of the 'U ' shapes being disposed so Agent for Applicants. 
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