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Abstract: In the present paper a low cost noncontact semi cylindrical capacitive type liquid level
sensor has been designed, developed and tested. The semi cylindrical capacitive sensor consisting of
two thin semi cylindrical metal plates separated by a gap distance and mounted around a non
conducting storage tank, has been used to measure the liquid level in the tank. The measured
capacitance variation with variation of liquid level is linear and obtained in the nano farad range which
again has been converted into voltage variation by using proper signal conditioning circuit. Since the
sensor is noncontact type it can be used for both conducting and non conducting type of liquid
contained within a non conducting tank. For converting the capacitance variation in to voltage
variation a series R-L-C resonating circuit has been used instead of conventional bridge circuit.
Experimental results confirm the satisfactory performance of the sensor for liquid level measurement.
Copyright © 2010 IFSA.

Keywords: Liquid level sensor, Semi cylindrical capacitive sensor, Series R-L-C resonating circuit,
Non-contact sensor, Signal conditioning circuit

1. Introduction

Liquid Level in a storage vessel is one of the important variables that are required to be measured and
controlled in any process industry. Capacitive type of liquid level sensing techniques has been widely
accepted due to its low cost, low power consumption, high linearity and simple to use. Various
researchers [1, 2] and [3], have introduced various techniques for sensing liquid level using capacitive
technique. Baxter [4] established that liquid level in reservoir or container can be monitored by
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measuring the electrical capacitance between two electrodes immersed in a liquid. The contact type
level sensing probes like capacitance probe have the disadvantage that their characteristic properties
with liquid level may change due to physical or chemical reaction between the liquid and probe
material. Behzadi & Golnabi [5] studied the temperature effect of reactance capacitance for tap water
and distilled water using a cylindrical cell probe. They observed that capacitance of liquid increases for
increasing temperature and vice versa due to variation in conductance.

The non-contact type level sensing probes have been designed by Suresh Babu et. al. [6], which
employs self-compensation technique to avoid the influence of environmental factor. Bera et. al. [7]
designed a novel non-contact capacitance type drum level sensing technique for conducting liquid.
Chiang and Huang [8] and [9] used semi cylindrical capacitive sensor for flow rate and fluidic
measurement. They used numerical analysis method to calculate the capacitance of the semi
cylindrical capacitive sensor and the variation of capacitance has been converted to voltage by
interface circuit. Jaworek and Krupa [10] proposed a radiofrequency resonance sensor with variable
capacitance in the form of two semi cylindrical electrodes for gas/liquid volume measurements. Since
a capacitive sensor has very weak output signal, proper signal conditioning is needed to convert the
signal in usable form. Various Signal conditioning circuits have been proposed by various researchers
[11], and [12] for converting change in capacitance in to an electrical signal.

In the present paper, differing from the structures of conventional cylindrical capacitive sensor, a novel
semi cylindrical capacitive sensor has been investigated for liquid level measurement. The semi
cylindrical capacitive sensor consists of two semi cylindrical metal plates which are separated by a gap
distance. These two semi cylindrical metal plates are mounted vertically around a polyvinyl chloride
(PVC) type liquid container. Water has been used as dielectric medium of the capacitor. The variation
in capacitance due to variation in water level has been converted into voltage variation using series
resonating R-L-C circuit. The experimental results are found to have good repeatability, linearity, and
resolution.

2. Capacitive Sensing Technique for Semi Cylindrical Capacitive Sensor
The semi-cylindrical capacitive sensor consists of two metal semi-cylindrical plates, which are

separated by a gap distance. Fig. 1 (a) and (b) shows the architecture of the semi cylindrical capacitive
sensor without and with dielectric fluid.

(a) (b)
Fig. 1. The architecture of the semi-cylindrical capacitive sensor:

(a) without dielectric fluid; (b) with dielectric fluid.

In Fig. 1 (a) the dielectric material is air, thus the dielectric constant ¢, is equal to 1. Fig. 2 (a) displays
the top view of the semi-cylindrical capacitive sensor without dielectric fluid. The two metal semi-
cylinders have the radius R and a minimum gap distance d.
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Fig. 2. (a) The top view of the semi-cylindrical capacitive sensor without dielectric fluid;
(b) The approximate structure of the semi-cylindrical capacitive sensor without dielectric
for numerical analysis method; (c) Equivalent capacitors between A and B terminals.

The numerical analysis method is applied to approximate the capacitance of the semi-cylindrical
capacitive sensor. Fig. 2 (b) shows the structure of the semi-cylindrical capacitive sensor for numerical
analysis method. The capacitance between two semi cylindrical metallic plates can be modified as
each pairs of two unit metal plates with an increment Ad distance as shown in Fig. 2 (c). So
capacitance of two metal semi cylinders without dielectric fluid can be expressed as

) (1)

1 1 1 1 1A
d d+Ad d+2Ad

""" d +(n-1)Ad 2R

where g is the permittivity of free space of magnitude 8.85 (pF/m), €, is the dielectric constant of air, n
the cutting number for numerical analysis, A is the unit area of metal semi-cylinders.

In the present paper two thin semi cylindrical aluminum plates have been fixed with adhesives on the
wall of a thin PVC tank where liquid level measurement have been performed. The PVC tank has wall
thickness t. The schematic diagram is shown in Fig. 3.

(a) (b) (©)

Fig. 3. (a) The top view of the semi-cylindrical capacitive sensor with dielectric fluid; (b) The approximate
structure of the semi-cylindrical capacitive sensor with dielectric for numerical analysis method;
(c) Equivalent capacitors between A and B terminals
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So approximate capacitance between the semi cylindrical plates embracing the PVC tank fully filled
with liquid can be given by equation 2.

1 1 1 ggh
C1 = 502A —+ + +o + (2)
d Ad d  Ad d+Ad Ad d+Ad (n-1) 2t 2R -2t
— —+— —+ —_— —
& & & & & ) &3 ) &3

where ¢ , is the dielectric constant of the PVC tank material, €3 is the dielectric constant of the
specified liquid, t is the wall thickness of the PVC tank.

If the semi cylindrical capacitive plates have height h, equation 2 can be modified as expressed in
equation 3.

1 1 1 1 £, (7Rh)
C, = 802(72Rh) —+ + oot + 3)
d o ad_d ad dead Ad _dead(n-D |2t 2R-2t
&y & &3 & & &) €3 ) é3

In the present level measurement system, maximum liquid level that can be measured must be equal to
the semi cylindrical capacitive plate height h. If at any instant the PVC tank is partially filled with
liquid height h; (of dielectric constant of €3), and the remaining height h, = (h-h,) is filled with air (of
dielectric constant €;), the overall capacitance C will be given by equation 4.

C=Ci+0C>, 4)
where
1 1 1 1 &, (7R
C, = &g2(aRhr) | —+ + F o +
d Ad d  Ad d+ad Ad d+ad(n-1) | 2t 2R-2t
— —+— —+ —_—t —+
& & & & & &) £3 &5
1 1 1 1 EO(ﬂha)
C, = 802(72ha) — + o +
4 Ad_d o Ad d+ad Ad_d+Ad(n-D) |2t 2R-2t
& & fq & g ) gl ) 4

So if the liquid level h; within the cylinder varies, capacitance between the semi cylindrical plates will
also vary because of the variation in height of the dielectric medium. Thus liquid level measurement in
terms of the capacitance of the semi cylindrical plates can be possible.

3. Design of the Semi-cylindrical Capacitive Sensor

The semi cylindrical capacitive sensor has been designed and constructed from two Aluminum plates
of thickness 0.2 mm, length 330 mm and width 11 mm. Each plate has been bent to form a semi
cylindrical shape. These two semi cylindrical plates are mounted vertically around a PVC type liquid
container using adhesives so that there is no air gap between the capacitor plates and the outer wall of
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the tank as shown in the Fig. 4. Two semi cylindrical plates are separated by a gap distance of 2.0 mm.
The outer and inner diameters of the PVC tank are 73 mm and 70 mm respectively. Thickness of the

tank wall is 3 mm.

Gap Distance
Between two
plates

Semi

., Cylindrical
Capacitor
Plates

Fig. 4. Isometric view of the semi cylindrical capacitive level sensor (All dimensions are in mm).

4. Signal Conditioning Circuit for Semi-cylindrical Capacitive Sensor

The variation of capacitance due to changes in liquid level in the tank has been converted into voltage
variation with the help of a series RLC resonating circuit as shown in Fig. 5, where the semi
cylindrical capacitance C1 has been connected in parallel with the capacitance C.

Semi Cylindrical
Capacitive Sensor

C1

. 435mH 100Q

V1 10kQ

N 4.7kQ)
5 Vrms
50 Hz

W _OPAMP |
¢ L RV @ﬁ‘

QPAMP 2

Fig. 5. Signal conditioning circuit for semi cylindrical capacitive sensor.
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During series resonance, the inductive reactance becomes equal to capacitive reactance. i.e. Xy = Xc .
and overall impedance Z = R. So at series resonance the impedance of the circuit is minimum and
voltage drop across resistance is maximum. The measured resonating frequency with the R, L, C and
C; as shown in the Fig. 5 is in the range of KHz. During achieving the resonating condition, there is no
liquid in the tank and in that condition the voltage across R i.e. Vg has been noted. Then water level in
the tank has been gradually increased. As the water level changes the semi cylindrical capacitance C,
changes and accordingly Vg (r.m.s.) also changes. Vg is further amplified by two stage amplifier and
final output V (r.m.s) has been recorded with the liquid level in the tank.

5. Experimental Result

In the proposed scheme water has been used as the dielectric medium within the PVC tank and
between the two plates of the semi cylindrical capacitor. The capacitance of the semi-cylindrical
capacitive sensor has been measured by varying water level in the PVC tank ranging from 0 mm to
330 mm. The variation of the capacitance with dielectric water has been observed in the nano farad
range.

Finally MATLAB software is performed to calculate theoretically the capacitance between the two
semi cylindrical plates using equation 4 and the calculated value of capacitance is also in the nano
farad range i.e. same as that of the experimental value.

The experimental capacitance variation with the variation of liquid level in the tank is linear and is
shown in Fig. 6.

0.14

0.12 - M
0.1 A H/M
Lo

0.08 -
el
0.06

Capacitance in nf

0.04

0.02 A

O T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36

Water level in cm
Fig. 6. Semi cylindrical Capacitance variation with liquid level in the tank.
By using the signal conditioning circuit shown in Fig. 5, the capacitance variation of the sensor has
been converted in to voltage variation. Voltage output Vi (r.m.s.) after the series RLC circuit and final

amplified output V, (r.m.s) has been plotted against the liquid level variation in the tank, which is
shown in Fig. 7.
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Fig. 7. Voltage variation with liquid level: (a) after the RLC network; (b) after amplification.

6. Conclusions

In the experiment, liquid level in the tank has been changed from 0-330 mm and the semi cylindrical
capacitance has been observed to vary from 0.065 — 0.130 nano farad.

From the Fig. 6. the variation of capacitance with the variation of liquid level is linear and theoretically
computed value of the capacitance from equation 4 matches with the experimental value.

It has been observed that the semi cylindrical capacitance type level sensor has good linearity and
repeatability in the measured range.

Since it is a noncontact type of liquid level measurement, it can be used for both conducting and non
conducting type of liquid contained within a non conducting tank.

In the present scheme the capacitance variation has been converted in to voltage variation by using the
series resonating RLC circuit instead of conventional bridge circuit for simplicity.

From Fig. 7. the voltage variation with the liquid level variation has been observed linear but with
negative slope. Rectification of the final output voltage along with zero and span adjustment is the
future scope of work.

19



Sensors & Transducers Journal, Vol. 116, Issue 5, May 2010, pp. 13-20

References

[1].
[2].

[3].

[4].
[5].

[6].

Georg Brasseur, Design Rules for Robust Capacitive Sensors, IEEE Transactions on Instrumentation and
Measurement, Vol. 52, No. 4, August 2003, pp. 1261-1265.

D. P. Seliskar, R. G. Waterbury, R. E. Kearney, Proportional Micro Volume Capacitive Liquid Level
Sensor Array, in Proceedings of the 2005 IEEE Engineering in Medicine &Biology 27" Annual
Conference’, Shanghai China, 1-4 September, 2005, pp. 7258-7261.

Ferran Reverter, Xiujun Li, Gerard C. M. Meijer, Liquid Level Measurement System Based on a Remote
Grounded Capacitive Sensor, Sensors and Actuator A, Vol. 138, 2007, pp. 1-8.

L. K. Baxter, Capacitive Sensors Design and Applications, IEEE Press, New York, 1997.

G. Behzadi. H. Golnabi, Monitoring Temperature Variation of Reactance Capacitance of Water Using a
Cylindrical Cell probe, Journal of Applied Sciences, 9, 4, 2009, pp. 752- 758.

Suresh Babu C. S, Somesh D. H., Design of Self Compensated Non Contact Capacitive Sensors and
Proficient Signal Conditioning Circuit for Multi Threshold Liquid Level Control- A Novel approach, IEEE,
2006, pp. 1931-1936.

. S. C. Bera, J. K. Ray, and S Chattopadhyay, A Low-Cost Noncontact Capacitance Type Level Transducer

for a Conducting Liquid, IEEE Transactions on Instrumentation and Measurement, Vol. 55, No. 3,
June 2006, pp. 778-786.

. Cheng-Ta Chiang, Yu-Chung Huang, A Semi-Cylindrical Capacitive Sensor With Interface Circuit Used

for Flow Rate Measurement, IEEE Sensors Journal, Vol. 6, No. 6, December 2006, pp. 1564-1570.

. Cheng-Ta Chiang, Yu-Chung Huang, A Semi-Cylindrical Capacitive Sensor with Interface Circuit Using

for Fluidic Measuring, in Proceedings of Instrumentation and Measurement Technology Conference
(IMTC 2006) ’, Sorrento, Italy, 24-27 April 2006, pp. 2318-2322.

[10].A. Jaworek, A. Krupa, Gas/liquid ratio measurements by RF resonance capacitance sensor, Sensors and

Actuators A, Vol. 113, 2004, pp. 133-139.

[11].D. M. G. Preethichandra, Katsunori Shida, A Simple Interface Circuit to Measure Very Small Capacitance

Changes in Capacitive Sensors, IEEE Transactions on Instrumentation and Measurement, Vol. 50, No. 6,
December 2001, pp. 1583-1586.

[12].Boby George V, Jagadeesh Kumar, Switched Capacitor Signal Conditioning for Differential Capacitive

Sensors, IEEE Transactions on Instrumentation and Measurement, Vol. 56, No. 3, June 2007, pp. 913-917.

2010 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved.
(http://www.sensorsportal.com)

Universal Frequency-to-Digital
Converter (UFDC-1)

16 measuring modes: frequency, period, its
difference and ratio, duty-cycle, duty-off factaor, time
interval, pulse width and space, phase shift, events
counting, rotation speed

2 channels

Programmable accuracy up to 0.001 %

Yfide frequency range: 0.05 Hz ... 7.5 MHz

{120 MHZ with prescaling)

Mon-redundant conversion time

R5-232, 5Pl and EC interfaces

Operating temperature range -400C .. +85°C

infof@sensorsportal.com SWP, Inc., Canada

20



Sensors & Transducers Journal /“

Guide for Contributors

Aims and Scope

Sensors & Transducers Journal (ISSN 1726-5479) provides an advanced forum for the science and technology
of physical, chemical sensors and biosensors. It publishes state-of-the-art reviews, regular research and
application specific papers, short notes, letters to Editor and sensors related books reviews as well as
academic, practical and commercial information of interest to its readership. Because it is an open access, peer
review international journal, papers rapidly published in Sensors & Transducers Journal will receive a very high
publicity. The journal is published monthly as twelve issues per annual by International Frequency Association
(IFSA). In additional, some special sponsored and conference issues published annually. Sensors &
Transducers Journal is indexed and abstracted very quickly by Chemical Abstracts, IndexCopernicus Journals
Master List, Open J-Gate, Google Scholar, etc.

Topics Covered

Contributions are invited on all aspects of research, development and application of the science and technology
of sensors, transducers and sensor instrumentations. Topics include, but are not restricted to:

Physical, chemical and biosensors;

Digital, frequency, period, duty-cycle, time interval, PWM, pulse number output sensors and transducers;
Theory, principles, effects, design, standardization and modeling;
Smart sensors and systems;

Sensor instrumentation;

Virtual instruments;

Sensors interfaces, buses and networks;

Signal processing;

Frequency (period, duty-cycle)-to-digital converters, ADC;
Technologies and materials;

Nanosensors;

Microsystems;

Applications.

Submission of papers

Articles should be written in English. Authors are invited to submit by e-mail editor@sensorsportal.com 8-14
pages article (including abstract, illustrations (color or grayscale), photos and references) in both: MS Word
(doc) and Acrobat (pdf) formats. Detailed preparation instructions, paper example and template of manuscript
are available from the journal's webpage: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm Authors
must follow the instructions strictly when submitting their manuscripts.

Advertising Information

Advertising orders and enquires may be sent to sales@sensorsportal.com Please download also our media kit:
http://www.sensorsportal.com/DOWNLOADS/Media_Kit_2009.pdf



WlLEY

1807-2007
KNOWLEDGE FOR GENERATIONS

‘Written by an internationally-
recognized team of experts,
this book reviews recent de-
velopments in the field of
smart sensors systems, pro-
viding complete coverage

of all important systems as-
pects. It takes a multidiscip-
linary approach to the under-
standing, design and use of
smart semsor systems, their
building blocks and methods
of signal processing.’

Order online:
http:/lwww.sensorsportal.com/HTML/BOOKSTORE/Smart_Sensor_Systems.htm

www.sensorsportal.com




