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Abstract

The liquid properties such as buoyancy, pressure at
a depth, relative electrical permittivity, electrical

conductivity, thermal conductivity, absorption of

radiation, liquid surface reflection of sound or light
waves, are used to design the different types of liquid
level transducers for liquid level measurement in any
process industry. The contact-type level-sensing
transducers have the disadvantage that their
characteristic properties may change due to physical
or chemical reaction between the liquid and the
probing material, and hence may affect accuracy
besides their life time.

The non-contact-type level-sensing probes may
have longer life period, but they are comparatively
costly and require various environmental and
experimental precautionary measures when being
used.

In this paper, a low-cost non-contact capacitance
type liquid level measuring technique has been
designed and used for liquid identification objectives.
The results obtained are very much consistent with the
theoretical derivations.

1. INTRODUCTION

The liquid properties like buoyancy, pressure at a
depth, relative electrical permittivity, electrical
conductivity, thermal conductivity, absorption of
radiation, liquid surface reflection of sound or light
waves, etc., are related with the liquid level and are
used to design liquid level Liquid level transducers in
any process industry [1-4]. In the contact-type level-
transducers level sensing probes are used which have
the inaccuracy disadvantage besides limited life time
as their characteristic properties may change due to the
physical and chemical reaction between the liquid and
the probe material [7-9].
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The non-contact-type level-sensing probes unlike
may have longer life period, are comparatively costly
and require various environmental and experimental
precautions during the measurement. The optical fiber
liquid level transducer is a contact-type transducer,
which produces optical pulses when the liquid level
moves along the cladding and un-cladding zones of the
optical fiber. This transducer has a further advantage
that it can be used with intrinsic safety in explosive or
inflammable liquids [13] [14].

However, this type of measuring system is much
costlier than the other similar instruments. In this
paper, a low-cost new type of non-contact capacitance
type liquid level measuring technique has been
designed. In the conventional non-contact capacitance-
type liquid level transducer the air column between the
conducting liquid level and the sensing electrode of a
capacitor is used as the dielectric. This technique
appears to suffer from the error due to the frequent
changes of the dielectric properties of air as well as
due to the low value of permittivity of air and, thus,
appears to have limited applications.

In the technique as described in this paper, the
material of a uniform right circular cylinder made of
polyvinyl chloride (PVC), is used as a dielectric of a
cylindrical capacitor. Now, the change in capacitance
of a capacitive transducer due to a change in process
variable is generally very small [14] [15] [16].

In the present paper, an operational-amplifier (op-
amp)-based modified bridge network is used to
measure changes in capacitance of a proposed level-
sensing probe, where the effect of stray capacitance
between the output leads of the bridge network is
minimized. The experimental results are found to have
good repeatability, linearity, and resolution.

II. CURRENT STATUS OF TECHNOLOGY

Capacitive transducer measurement procedure
requires a probe to sense changes in capacitance as a



measure of a physical quantity, some driver electronics
to convert these changes in capacitance into voltage
changes, and a device to indicate or record resulting
voltage changes.

The probe geometry, sensing area size, and
mechanical construction affect range, accuracy, and
stability. The performance of the driver electronics is a
primary factor in determining the resolution of the
system. The voltage measuring device is the final link
in the system, and must be properly selected for a
specific application.

III. EXPERIMENTAL SETUP AND METHODOLOGY

The experimental setup of this work consists of a
custom made water container with a circular tube
running alongside from bottom-to-top as shown in
Figure 1. Among the extra hardware tools used are
digital and analogue oscilloscopes.

Figure 1. The Laboratory Experimental Setup

In this work experimental data is obtained for the
following:

1. Normal tap water

2. Salt-dissolved water (2 spoons of sugar)

3. Salt-dissolved water (4 spoons of sugar)

4. Sugar-dissolved water (2 spoons of sugar)

5. Sugar-dissolved water (4 spoons of sugar)
The container makes a variable capacitance

depending upon the level of the liquid within it, while
the rest of the electronic is as shown in Fig. 2.

The measuring circuit is making use of a bridge
circuit, where the unknown capacitance is found by
balancing the bridge with the extra capacitance. The
transfer function H(s) of the circuit is made from the
lower and upper part of the circuit. The lower is further
made from two transfer functions in series, and so are
they multiplied to calculate the total transfer of the
lower part. The over all transfer function is hence
calculated through a sum of the two transfer functions.
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Figure 2. Basic measuring and electronic circuit
P Rf
H(s), =—-———=-sCP H(s),, = _?
sC
Rf
H(S)L :H(S)LIH(S)LZ :SCPE ........... (1)
For a balanced bridge
CP=C,0,s0
H(S)L = H(S)LIH(S)L2 = SCORf
H(s)y =-sC R, =~-sC,R, —sACR ,----.. 2)

Where Cx = Co + AC, residual capacitance and
change in capacitance due liquid level change
Hence transfer function until the end of U2 is
H(s)=H,+H, =sCR, —sC,R, —sACR, =—sACR,

)

The overall transfer function including the last leg of
the circuit including U3 is given by

R R
H () rors = _R—z(—SACRf) = R—ZSACRf

1 1
The bridge is balanced for the original residual
capacitance without the liquid, hence a liquid-level
increase beyond which will lead to an output voltage
given by

V,=V,H () = (I;_ZSACR f)Vin """""
1

The increase in output voltage is proportional to
changes in capacitance and if the input voltage applied
is constant with a stable frequency. The PSPICE
simulation output voltage for five values of
capacitance is as shown in Fig. 3, where the input
voltage is sinusoidal and the output is inverted and
advanced by 90° as well proportionately increasing
capacitance values.
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Figure 3. PSpice simulation of the output voltage waveforms

A modified version of the shown in Fig. 4, where
the source is directly applied to the positive of on op
amp (U2) and through a divider (R7, R8) to another op
amp. The bridge under balanced condition will
reproduce the input at the input terminal to R3 and
hence to op amp Ul. Thus the op amp U3 acts as a
differentiator, with the input coming from the bridge
circuit higher in value than the one coming form the
divider circuit, hence giving to a voltage value in phase
with the input for a balanced bridge circuit.
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VOFF =0
VAMPL =5
FREQ =200

Figure 4. The second amplification circuit

The output voltage in this case is independent of
frequency, inverse proportional to the change in
capacitance and is in phase with the input voltage as
shown in Figure 5.
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Figure 5. PSpice simulation of modified output voltage
waveforms

The insulating material of the sensing cylinder is
taken as the dielectric of the cylindrical capacitor,
whereas the conducting liquid column inside the
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cylinder is taken as the grounded electrode of the
capacitor because the liquid is generally stored in a
metallic grounded vessel. Thus, the vessel itself may
be taken as one electrode of the cylindrical capacitor,
whereas an outer double-layer non-inductively wound
short-circulated coil may be taken as the other
electrode of the capacitor. Inasmuch as the coil is
short-circuited, all the turns will be at the same
potential, and the inter-winding capacitance and
interlayer capacitance of the coil may be assumed to be
negligible. Moreover, the short-circuited outer layer
coil and the short-circuited inner layer coil have the
same conducting material, and hence, the effect of the
inner layer coil on the capacitance of the whole two-
layer coil with respect to the liquid column may be
ignored. Thus, the capacitance between the liquid
column and the short-circuited non-inductively wound
two-layer coil may be assumed to be equivalent to the
capacitance between the liquid column and only the
outer layer of the coil. The cross section of the level
sensor is shown in Fig. 1(b). Let the coil be made from
a PVC- or enamel-insulated single-strand copper wire
of internal conductor radius » with insulation thickness
¢ and the internal and external diameters of the sensing
cylinder as d and D, respectively. Now, a single-turn
coil of conductor radius r of the outer layer may be
assumed to be a very small cylinder of height 2r, and a
cylindrical capacitor will be formed between the coil
and the inner conducting liquid column of diameter d,
which is equal to the inner diameter of the level-
sensing cylinder.

IV. RESULTS AND TABULATED DATA

Figure 6. Experimental Set-up Showing Water Container

We have repeated all the measurements to ensure
accuracy. Furthermore, for each liquid, we performed
increasing and decreasing levels of liquid to estimate
the % error for all the measurements. From this result
section, we can observe that both ‘increasing’ and
‘decreasing’ curves give almost linear straight lines
and the ‘increasing’ and ‘decreasing’ curves are almost
the same (with opposite slopes).
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V. DISCUSSION AND ERROR ANALYSIS

The results show good linearity and an acceptable
level of accuracy in all of the measurements, however,
a few critical points need to be mentioned:

The results follow an approximately horizontal
straight line until the liquid level reaches around
6 cm where the metal casing is connected to
plastic water tank, a point where from a good
linearity is obtained.

Even when there is no liquid inside the tank,
there is still some small output voltage, which
means some residual capacitance is present.

The new (or the second) circuit appears to give
more accurate and consistent data than the old
op-amp circuit.

For all sets of linear graphs obtained, we
calculated the estimate of the straight lines
representing the experimental data from which
we calculated the % systematic and % random
errors using linear regression formula and
Microsoft Excel.

The experimental data is plotted for errors with the
calculated are as shown in Fig. 7 (a-h) for various
solution of known solvent quantities.
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VI. CONCLUSIONS

In this work, properties of a low-cost non-contact
capacitance-type level transducer are studied and
analyzed for various conducting liquid. The liquid
level in each experiment was varied in steps under the
static condition, and the bridge output voltage of each
step was measured by digital 41/2 digit multi-meter
and the digital and analogue oscilloscopes and
graphically plotted for all the values. The static
characteristic curves of the developed. Using linear
regression, the data is plotted and percentage error is
obtained, and is found to be within tolerable limits.
The modified De’ Sauty bridge circuit was found to
give more stable results than the conventional De’
Sauty bridge circuit used in the capacitance-type level
probe. Here, it may be mentioned that for the bridge
set-up, the circuit common and the storage tank ground
should be isolated from each other. Hence, during the
design and experimental work, proper care should be
taken so that this isolation may not be disturbed by any
means; otherwise, the results may be erronecous. To
avoid the incidental or accidental short circuiting
between these two grounds, a non-inverting-type op-
amp-based circuit may be used. The life of the level
sensor developed is expected to be long compared with
other non-contact level gauges because there is no
wear and tear of the sensor during operation.
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