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ABSTRACT OF THE DISCLOSURE

Apparatus for measuring the electrical conductivity of
an electrically conducting medium which is present in a
conduit and through which the medium may flow. Means
are provided externally of the conduit for inducing the
flow of alternating current in the medium within the con-
duit, and additional means are provided externally of the
conduit for measuring said current.

This invention relates to a method of and apparatus for
measuring the electrical conductivity of a conducting
medium which is capable of flowing, such as an electro-
lyte solution, slurries, sludges, and the like.

It is known to measure the conductivity of an electro-
lyte by means of a pair of toroidal cores immersed in a
solution. Certain problems involving stray leakage arise
when the cores are physically immersed in the solution.
In the past it has been known to employ two spaced elec-
trodes immersed in the solution for measuring conduc-
tivity, but such an arrangement suffers from further dis-
advantages including the polarization of the electrodes
while in use. United States Patent No. 2,542,057, granted
Feb. 20, 1951, to M. J. Relis, proposes to overcome the
foregoing difficulties by the use of means in the pick-up
circuit for compensating for the inductive effect of the
stray field from the current setting up means.

An additional problem present in heretofore known sys-
tems involves errors in the measurement of electrical con-
ductivity due to changes in temperature of the conducting
medium. Since electrical conductivity varies markedly with
the temperature of the conducting material (differently for
different mediums), a measurement of electrical conduc-
tivity has little significance unless it is related to a specific
temperature. Instruments without means of temperature
compensation are of limited value.

The present invention is a simplified, relatively inexpen-
sive and improved electrodeless system for measuring the
electrical conductivity of a conducting medium and which
eliminates the need for immersing the toroidal cores or
electrodes within the electrolyte or solution under inves-
tigation. Further, the present invention makes use of a sys-
tem of minimum components and wiring complexity to
achieve a highly efficient and accurate measurement of
the electrical conductivity of the conducting medium be-
ing tested. Still further, the present invention corrects the
measurements of electrical conductivity (for the effects of
temperature) to a standard reference temperature so that
the differences in these corrected conductivity measure-
ments may be used as indices of changes in the material
other than temperature.

According to one aspect of the present invention, the
conducting medium is confined within and flows through a
straight hollow enclosed conduit, such as a hose or pipe
which passes through a pair of toroidally wound coils. The
conduit is provided with hollow metallic terminal fittings
maintained at the same reference potential. In this man-
ner, the toroidal coils which surround a section of the con-
duit are not immersed within the solution or electrolyte
whose conductivity is to be measured. The temperaure of
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the conducting medium or material is preferably sensed
with a temperature-sensitive resistive element and the
resistance changes of the element are used to correct the
measured electrical conductivity of the medinm or ma-
terial to some reference temperature.

Brief description of drawings

A detailed description of the invention follows in con-
junction with drawings, wherein:

FIG. 1 illustrates one embodiment of the invention;

FIGS. 1a, 1b and 1lc show different resistive networks
which can be used with the temperature sensing element
for obtaining a modification of the effective temperature
coefficient thereof; :

FIG. 2 is a schematic diagram showing the equivalent
electrical circuit of the embodiment of FIG. 1 in a com-
plete electrical system with the temperature-sensitive ele-
ment and a vacuum tube voltmeter suitably connected
therein;

FIG. 3 shows the embodiment of FIG. 1 provided with
an insulated hose for confining and carrying the solution
whose conductivity is to be measured, and an epoxy cas-
ing or housing for mounting and supporting the toroidal
cores therein. The dimensions illustrated are by way of
example only;

FIG. 4 shows the epoxy casing or housing of FIG. 3,
partly broken away to illustrate how the toroidal cores
may be mounted within the housing; and

FIG. 5 essentially shows the embodiment of FIG. 1
provided with an insulation-lined steel pipe conduit for
carrying the solution whose conductivity is to be meas-
ured.

Throughout the drawings the same parts are identified
by the same reference numerals, while equivalent parts
are provided with prime designations.

Detailed description

The apparatus for measuring the electrical conductivity
illustrated in FIG. 1 includes a hollow conduit 10 whose
opposite ends are fastened to and communicate with hol-
low metallic electrically conductive terminal pipes 12 and
14. The conduit 10 may be a sturdy hose made of insulat-
ing material, such as Teflon-lined or rubber-lined hose
10’ as shown in FIG. 3, or a steel pipe 10’" covered or
lined on its interior with electrical insulation material as
shown in FIG. 5. The conduit 10 may be nonmagnetic
and nonconductive.

Surrounding a section of the conduit 10 there are pro-
vided coaxially arranged and suitably spaced driver and
pick-up toroidal coils 16 and 18, respectively. These toroi-
dal coils surround cores containing a good quality mag-
netic material, preferably of high permeability upon which
coils are wound. The cores may or may not be identical
in construction. Driver coil 16 is excited by current from
a highly stable alternating current source OSC which sup-
plies currents of stable frequency and amplitude. By way
of example only, a Hartley oscillator and amplifier may
be used which supplies to the driver toroidal coil 16 a
frequency in the range of 2,000 to 18,000 c.p.s. and of
a voltage around 10 volts and less, but preferably not
exceeding 15 volts.

A direct wire connection 20, preferably covered with
insulation, connects both grounded metal terminal pipes
or fittings 12 and 14 together, as shown in FIG. 3. If ter-
minal pipes 12 and 14 are grounded and at the same
potential, then wire connection 20 need not be used. The
grounding or connection 20 between metallic terminal
fittings or pipes is necessary to complete. the electrical
loop. A vacuum tube voltmeter 22 is coupled to the pick-
up toroidal coil 18. A temperature-sensitive resistive ele-
ment T is positioned externally to conduit 10 so as to
have the same temperature as the sample electrolyte solu-
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tion or slurry flowing through the conduit. ‘This element
T may be a thermistor embedded in glass and electrically
connected to a resistor network so as to make the tem-
perature coefficient of resistance equal to the tempera-
ture coefficient of resistance of the material or solution
present in the conduit 10. Two such resistive networks
are shown in FIGS. la and 1b as constituting, with T,
two-terminal devices. The resistive networks of FIGS.
la and 15 provide overall coefficients lower than the co-
efficients of the active element T. The network of FIG.
1b is capable of giving a better match of coefficient over
a shorter temperature span than that of FIG. la. FIG.
1c discloses two active temperature sensing elements T
coupled together in bridge circuits so as to provide an
overall coefficient several times greater than the coeffi-
cients of these active elements, The resistive network may
be located physically within the transmitter, and it to-
gether with the active temperature sensing element may
serve as a gain control of the oscillator signal sent t0
a buffer amplifier before being applied to the input toroid.
An example of how the resistance network of FIG. la is
coupled to the oscillator or the vacuum tube voltmeter
is shown in FIG. 1, in a manner similar to the showing
of FIG. lc.

The operation of the apparatus may be better under-
stood by reference to the circuit diagram of FIG. 2. The
material flowing through conduit 16 may be viewed as
a single turn coupled to the oscillator OSC and the vac-
uum tube volimeter 22 by transformer coupling through
the toroidal coils 16 and 18, respectively. Put another
way, the driver toroidal coil may be considered as a pri-
mary winding of transformer whose secondary winding
is the closed loop, while the pick-up toroidal coil is the
secondary winding of another transformer whose primary
is the closed loop. The alternating current supplied to the
driver coil sets up an electrical current  in the material
under investigation which flows through the conduit 10
and through ground in the direction of the arrows. This
alternating current i sets up an alternating field in the
pick-up toroid 18 which causes a voltage to be generated
therein in proportion to the conductivity of the electro-
lyte. The magnitude of the voltage generated in toroid 18
is detected in the high impedance input, highly degen-
erated vacuum tube voltmeter 22. If desired, the vacuum
tube voltmeter may be replaced by a transducer which
converts the picked-up A.C. signal to a D.C. signal pro-
portional to the input A.C., after which the D.C. signal
is fed to a large indicating meter with a scale, or to any
suitable recorder. By placing a small resistor in series
with the meter, a millivolt signal is provided for feeding
a remote potentiometer recorder, not shown, when de-
sired. Alarm and other control features may be incor-
porated in the system. The temperature sensitive element
T which is immersed in the material and in thermal con-
tact therewith may be connected, as shown, across the
output of the oscillator or, alternatively, as shown by the
dotted lines across the input of the vacuum tube volt-
meter for automatic temperature compensation. The mag-
nitude of the electrical current i is directly propor-
tional to the electrical conductivity of the material within
the conduit 10. If the temperature of the material changes
from the standard temperature, the electrical conductivity
will change, and current i will change. However, since
T is in thermal contact with the solution or muaterial, its
temperature and resistance will change in the proper di-
rection to correct the measurement.

In practice, the low impedance toroids may be matched
to the impedances of the circuit components coupled there-
to. For this purpose, the oscillator OSC may be coupled
to driver core 16 through a cathode coupler or a suitable
impedance matching transformer, and the output of the
pick-up . coil coupled through an impedance matching
transformer to the vacuum tube voltmeter 22. Such im-
pedance matching also permits the use of long cables to
the driver and pick-up coils. Cod
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FIG. 3 shows the embodiment of FIG. 1 with the toroi-
dal coils potted or encapsulated within a machined epoxy
block housing or casing 24, in a manner shown more
clearly in FIG. 4. The conduit 10 in FIG. 3 is a Teflon-
lined rubber hose suitable for relatively low pressure flow
systems. It should be noted in FIG. 4 that the two toroi-
dal coils are relatively closely. spaced from one another.
They are separated by O rings, not shown. A rubber. filler
26 separates the cores from the epoxy block 24.

FIG: 5 shows the embodiment of FIG. 1 using a steel
pipe 10" for the conduit through which flows the material
whose conductivity is to be measured. The steel pipe con-
duit 10~ is insulated from the end terminal pipes by an
electrical insulation on the interior of the conduit as by
a Teflon-lined or rubber covering 28, and also by an in-
sulator sleeve 30 surrounding a metallic bolt 32 and
which prevents the passage of currents from pipe 10" to
metallic terminal pipe 14. The insulation covering 28 is
turned at a right angle to the pipe 10" at end 34 to pre-
vent direct metallic contact between pipe 10’ and the
terminal fitting or pipe. An insulation gasket 38 is also
provided as shown. Such a construction employing a steel
pipe is useful for high pressure and high temperature flow
systems. FIG. 5 is similar to FIGS. 1 and 3 in that the
metallic terminal pipes are grounded and, in effect, con-
nected together so as to be at the same reference poten-
tial. This arrangement, together with the electrically con-
ducting solution within the conduit, forms an electrically
closed loop. The strap 20, as in FIG. 3 (threaded into the
terminal pipes as shown by the dotted lines outlines des-
ignated 36), is connected between the terminal pipes.

The invention as herein described provides a simpli-
fied, efficient, accurate and inexpensive method involving
an electrodeless apparatus for measuring the electrical
conductivity of solutions containing an electrolyte and
mixtures of liquids and solids.

The term “solution” used in the specification and ap-
pended claims is deemed to include any liquid, sludge,
slurry, mud, oil and mixtures thereof with or without
solids and which can be made to flow through a conduit.

I claim:

1. Apparatus for measuring the conductivity of a solu-
tion, comprising a conduit through which said solution
is adapted to flow, a toroidal coil surrounding a region of
said conduit for setting up an alternating current in the
solution within said conduit, and another toroidal coil
spaced from said first coil and surrounding another re-
gion of said conduit and responsive to said current for

.

' setting up an alternative current voltage, and a measuring

device coupled to and responsive to the voltage set up in
said other coil for enabling an indication of the conduc-
tivity of said solution to be made, said conduit being a
metallic pipe, terminal metallic fittings connected to and

* in fluid communication with said conduit, means for in-
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sulating said metallic conduit from said terminal metallic
fittings, and means for grounding said terminal fittings at
the same reference potential.

2. Apparatus for measuring the conductivity of a solu-
tion, comprising a conduit through which said solution is
adapted to flow, said conduit having inlet and outlet ends,
a-toroidal coil surrounding a region of said conduit for
setting up an alternating current in the solution within
said conduit, a2 stable alternating current oscillator sup-
plying a voltage of less than 15 volts and of a frequency
below 18,000 cycles per second to said toroidal coil, and
another toroidal coil spaced from said first coil and sur-
rounding another region of said conduit and responsive

_to.said current for setting up an alternating current volt-

age, and a measuring device coupled to and responsive
to the voltage set up in said other coil for enabling an
indication of the conductivity of said solution to be made,
metallic terminal fittings connected.to the ends of said

_conduit and in fluid communication therewith, and means

" for connecting- said metallic: terminal fittings together -so
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that they have the same reference potential and means
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including a temperature sensitive resistor external of said
conduit and having the same temperature as a sample
of said solution and coupled to one of said coils for com-
pensating for a change in temperature of said solution
in the measurement of the conductivity thereof,

3. Apparatus in accordance with claim 1, wherein said
conduit and insulating means comprise a metallic pipe,
the interior of which is lined with insulation.

4. Apparatus for measuring the conductivity of a solu-
tion, comprising a metal conduit the interior of which
is lined with insulation through which said solution is
adapted to flow, said conduit having inlet and outlet ends,
a toroidal coil surrounding a region of said conduit for
setting up an alternating current in the solution within
said conduit, a stable alternating current oscillator sup-
plying a voltage to said toroidal coil, and another toroi-
dal coil spaced from said first coil and surrounding an-
other region of said conduit and responsive to said cur-
rent for setting up an alternating current voltage, and a
measuring device coupled to and responsive to the volt-
age set up in said other coil for enabling an indication
of the conductivity of said solution to be made, metallic
terminal fittings connected to the ends of said conduit and
in fluid communication therewith, and means for connect-
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ing said metallic terminal fittings together so that they
have the same reference potential, insulation means pre-
venting metal-to-metal contact between said metal con-
duit and said metal terminal fittings, and means including
a temperature sensitive resistor external of said conduit
and having the same temperature as a sample of said
solution and coupled to one of said coils for compen-
sating for a change in temperature of said solution in the
measurement of the conductivity thereof.
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