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(54) Liquid level de tec tor 

(57) A liquid level detector for sodium 
has a probe (12) formed with three 
coils (15,16,17). The coil (15) is an 
input coil and is closely coupled with 
the coil (16). The closely coupled 
coils are included in a screen (19) 

; which aids the close coupling. The coil 
(15) is loosely coupled with the coil 

, (17) whilst being close to each other. 

The screen (19) ensures that the 
coupling is by virtue only of leakage 
fluxes and hence is loose. The coils 
(16, 17) act as output coils and their 
outputs are compared. The compared 
output can be used to make the probe 
null seeking to provide a continuous 
indication of sodium level or the probe 
may be fixed and an indicator provided 
to indicate whether the probe is 
positioned above or below sodium 
level. 
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SPECIFICATION 
Liquid level detecting devices 

This invention relates to liquid level detecting 
devices. 

5 This invention is principally concerned with the 
problem of locating the level of liquid metal such 
as the level of sodium in a sodium cooled nuclear 
reactor or storage tank. 

In known systems for measuring the level of 
1 o liquid metal either long static coupled coils have 

been used dipping into metal or shorter movable 
coupled coils have been used. These devices tend 
to be insensitive and temperature responsive. In 
the latter system, which relies on the detection of 

15 a peak in an output curve, it is found that the 
sharpness of the peak is lost with temperature and 
servo control based on a search for the peak 
becomes uncertain. 

The present invention introduces the concept of 
20 liquid level detection by a movable probe 

equipped to signal a phase change with null on 
arrival at the interface between two conductively 
differing media. 

In the context of liquid sodium as one medium 
25 and a protective inert gas blanket above the 

sodium as the other medium,.a detector according 
to the present invention can detect the 
sodium/gas interface by a null at the 180° phase 
change point of an output signal. 

30 A probe according to the invention comprises a 
basic three-coil arrangement on a core of 
magnetic material, the first and second of the coils 
being close coupled, screened, and occupying a 
first axial length of the probe and third coil being 

35 loosely coupled with the first coil and occupying a 
second axial length of the probe close to the first 
axial length. The sum of these two axial lengths is . 
kept as short as possible and the coils are 
preferably designed so as to be similar 

40 mechanically and magnetically. 
In use of the probe, an input is applied to the 

first coil and voltages are induced in the second 
and third coils. The relationship between the 
second and third coils is largely independent of 

45 ambient conditions. 
The relationship between the first and third 

coils is affected by changes between them that 
arise when the third coil penetrates the surface of 
the conductive (liquid sodium) medium. Outputs 

50 are taken from the second and third coils and 
compared. The difference signal thus obtained is 
used to resolve the penetration of the third coil 
through the surface. 

The difference signal can be used to drive the 
55 probe so that it is null seeking and thereby provide 

a continuous indication of interface position. 
Alternatively the probe can be fixed in position and 
the output, on a phase basis, will indicate whether 
the interface is above or below the level at which 

60 the probe is positioned. 
One form of the present invention will now be 

described with reference to the accompanying 
drawings in which: 

Figure 1 is a cross-sectional elevation of a 

65 probe according to the invention in use for 
detecting the level of liquid sodium; 

Figure 2 is a circuit diagram of a null-seeking 
probe, and 

Figure 3 is a graph showing the outputs of the 
70 probe. 

In Figure 1 there is shown a stainless-steel 
thimble 10 dipping into liquid metal 11. Inside the 
thimble 10 there is a probe 12 according to the 
present invention. 

75 The probe comprises a nose-piece 13 at the 
lower end of a ferritic steel former 14. Three coils 
15,16 and 17 are wound on the former 14. Coil 
16 is wound above coil 15 to aid the required 
close coupling between these coils. Coil 17 is 

80 wound adjacent to the coils 15,16. Leads 18 are 
taken from the coils. 

Coils 15 and 16 are surrounded by a ferritic 
steel sleeve 19 which further aids the close 
coupling of coils 15 and 16 and provides 

85 screening around the coils. The sleeve has end 
pieces 20 ,21 . 

Coil 17 is loosely coupled with coil 15 by 
leakage fluxes. The leads 18 are formed into a low 
stretch cable 22. 

90 In Figure 2 the coils 15,16 and 17 are shown 
connected into a null-seeking servo circuit. Coils 
16 and 17 are connected by leads 18a and 186 
respectively to preamplifiers 23,24. These 
preamplifiers are connected with a comparator 25 

95 which feeds a servo amplifier 26 which controls a 
motor 27 connected to drive the cable 22. Signal 
input terminals 30 are provided for coil 15. The 
coils 16 and 17 are arranged so that, with the coil 
17 above the liquid level, coil 17 gives about twice 

100 the voltage output of coil 16 and of opposite 
phase. 

In Figure 3, the liquid level 11 has been 
superimposed on a graph having the Y-axis 
respresenting output potentials in volts from the 

105 coils 16 and 17 and the X-axis representing the 
probe 12 position. The region to the right hand 
side of level 11 represents "above sodium level" 
and the left hand side of level 11 represents 
"below sodium level". 

110 Graph "17A" indicates the output of coil 17, 
graph "17A—16A" indicates the difference in 
output between coils 17 and 16 and graph "16A" 
represents the output of coil 16. 

The datum position of the probe 12 (shown 
115 diagrammatically in Figure 3) is calibrated so that, 

with the mid-point of the coil 17 located at the 
level 11 of the liquid metal, the differential output 
of coils 16 and 17 is zero. 

It is observed that the output of comparator 25 
120 (graph "17 A—16A") is positive when the probe 

12 is above the sodium level 11, zero when at the 
sodium level 11, and negative when below the 
sodium level 11. Thus there is a sharp phase 
change when the probe passes through the level 

125 11. 
The signal induced in coil 16 is largely 

independent of any sodium presence. This is 
illustrated by graph 16A. This arises as the sleeve 
19 screens the coil 16 from external effects. The 
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signal induced in coil 17, relying as it does on the 
fringe magnetic field from coil 15, is reduced 
significantly by eddy current fields induced in the 
sodium once coil 17 becomes immersed in the 

5 sodium. 
It is important that the coils are short and close 

together so that they can operate in an isothermal 
region. In this situation, and with the coils similar 
mechanically and magnetically, temperature 

10 effects, which otherwise would have to be 
accommodated with complexities to the circuitry, 
are effectively removed. 

The probe described above can be constructed 
so that it is suitable for high temperature 

15 operation. The cable 22 can be arranged to be fed 
over a calibrated drum or attached to a rigid 
calibrated rod. 

CLAIMS 
1. A liquid level detector having a movable 

20 probe (12) equipped to signal a phase change on 
arrival at the interface between two conductively 
differing media. 

2. A detector as claimed in claim 1 in which the 
probe comprises a three-coil arrangement on a 

25 core of magnetic material, the first (15) and 
second (16) of the coils being close coupled, 

screened (19) and occupying a first axial length of 
the probe and the third coil (17) being loosely 
coupled with the first coil and occupying a second 

30 axial length ofthe probe close to the first axial 
length. 

3. A detector as claimed in claim 2 in which the 
coils are similar mechanically and magnetically. 

4. A detector as claimed in claim 2 or 3 
35 included in an electrical circuit arranged so that 

the first coil (15) can have an input (3) applied 
thereto to induce voltages in the second (16) and 
third {17) coils to provide outputs (23,24) which 
can be compared to produce a difference signal 

40 (25) to resolve the penetration of the third coil of 
an interface. 

5. A detector as claimed in claim 4 in which the 
probe is movable and arranged so that the 
difference signal can drive (26,27,22) the probe 

45 so that it is null seeking to provide a continuous 
indication of interface position. 

6. A detector as claimed in claim 4 in which the 
probe is fixed in position and the difference signal 
can be used to indicate whether the interface is 

50 above or below the position of the probe. 
7. A liquid level detector as claimed in claim 1 

substantially as hereinbefore described with 
reference to the drawing. 
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