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Summary: The paper presents new, industry version of
the multi-channel capacitance measurement unithier
liquid interface level and liquid flow. The measuoment
unit was designed to use with capacitive probe
consisting up to 32 electrodes. The device hasiapec
features allowing to connect the probe by meansraf
coaxial cables (up to 10 meters) where cable lehgth

a very little effect on measurements stability and
accuracy. The influence of EMI was reduced by gisin
new generation electronic circuits and special
microcontroller and computer software eliminating
errorneous measurements.
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1. Introduction

In the petrochemical industry one of the most intgoatr
problems is oil flow measurement and detection of
different forms of liquids within horizontal oil-vier
separators such as oil, water, gas as well asuario
mixtures composed of the described above. The
mixtures may appear in a form of foam and emulsion.
The basic approach is to utilize special sensa@slitave

to meet many requirements which include working
safety (petrochemical industry), long-term relidhil
and measurements stability (extreme hard industrial
conditions), ease of use, ease of installation{rotiimg

and maintenance as well as low cost. The non-cbntac
working principle these sensors is the main adgntd

this technology but the capacitance sensors asitisen

to electromagnetic disturbances.

A working principle of such kinds of capacitive sers
seems to be a simple thing. It leads to measuring
capacitance of many identical sensor elements wiith
as capacitors placed along the probe [1]. The
capacitance change is caused by a change of dielect
characteristics of material that fills the spacéween

the electrodes. However, realizing such measuresmgnt

not simple, especially in the industrial conditiaml, at
the current stage, it requires new techniques caimge
the making of the probe and the use of a proper one

2. Description of multi-channel capacitance
units

In this paper is presented industry version of tihie
prototypes of capacitance units. Besides, withaingy
into a complexity of physical phenomenon one can
come to the conclusion that a multi-channel
measurement (32 channels) of very many capacitances
in the range of fractions of picofarads up to a few
picofarads is a next problem that at the curreagest
requires a new metrological approach. An additional
difficulty is the fact of existing parasitic captices
coming from external and internal probe wiring syst

A simplified circuit which realize the idea of “clyge
transfer method” [2,3] for the measuring low
capacitances (for one channel) in the existenceighf
parasitic capacitances is shown in Fig. 1.
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Fig. 1. Simplified schematic of “charge-discharge
electronic circuit with self-cancéitan of the
parasitic capacito@p due to cabling [3].



The multi-channel capacitance measurement unit was thus allowing to control many probes simultaneously

designed to use with multi-channel capacitive probe
consisting up to 32 electrodes. The device hasciape
features allowing to connect the probe by meansraf
coaxial cables (up to 10 meters) where cable lehgth

a very little effect on measurements stability and
accuracy. The device is wholly controlled YinCap
software installed on host computer [Fig. 2].
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Fig. 2. The main window of the software.

The ‘WinCapg software is intended to use with
Multichannel Capacitance Measurtement Url the
functions of the device are controlled by the safsv
which can work in three different modes:

- observation only mode: measurements results
are shown in the chart only, no data is stored

- observation with storing unlimited number of
scan into a file

- observation with storing limited number of
scan into a file

Important function of the software is zero trimming
The aim of this function is to remove parasitic
capacitances that exist in the measurement ciramits
probe cables. Zero trimming is performed by measpuri
all the 32 capacitances on each probe channel {héth

Installation is a simple process and requires afly
connecting probe coaxial cables, power supply gelta
and RS485 cable. To connect RS485 cable to the host
computer (to RS232 or USB) additional RS232/RS485
or USB/RS485 converted is required which is supplie
along with the device.

The analog circuit used to measure all the capzus
drives each electrodes pair with a signal (squaresvof
amplitude 5.0 V) at a frequency of about 40kHz. The
signal is applied by a special low-capacitance
multiplexer to each electrodes pair (only one etsis
pair is handled at a time) (Fig. 3).
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Fig. 3. A diagram for the application of the multiplexer
in a multiple-capacitance measurement.

However, the measured capacitance is converted to
another square wave signal (by a special customized
chip) which frequency depends on capacitance wisich
being measured. For the range of 0..10 pF the émau
changes from 27 to about 50 Hz (the higher the
capacitance the lower the frequency). This freques
directly measured by a microcontroller (in facte th
period is measured) and, using appropriate
mathematical formula it is recalculated to capacita
read by the computer through RS485 interface. Thus,
the maximum time which is needed to measure one
capacitance (one electrodes pair) equals to 1/1% Biz

ms. As the probe consists 16 electrode pairs tleeativ

main electrode on channel 33 disconnected). The time required to measure all the capacitances sdoal
measured parasitic capacitances are then subtracted16 * 37 = 0.59 s (approximately). So, about 0.Goselc

from every measured capacitance during normal
operation. To activate the function is necessary to
disconnect channel 33 cable (main electrode) alettse
zero trimming button (6) and follow the messages
displayed.

Communication with the device takes place through
RS485 interface. It is possible to connect up to 32
devices in parallel to the RS485 communication eabl

is needed to “handle” one 16-channel probe. Ifttube
consisted 32 electrode pairs it would be 1.2 s.

It is possible to decrease the overall time requi@
measure all the capacitances. The chip can alsk wwvor
“high speed mode” which make it possible to male th
measurement process a few times faster. Howeare th
were concerns about affecting the accuracy of tbeg
so in the current version it was not used. Anyvitayill



be taken into account in the next improved versions
The first version of multi-channel capacitance usit
shown in Fig. 4.

Fig. 4. The first version of capacitance unit (inside
view)

The next (improved), industry version of capacianc
unit is shown in Fig. 5 and Fig. 6.

Fig. 6. Multi-channel capacitance unit (rear view)

3. Testing of multi-channel capacitance unit

The capacitance multi-channel unit was tested & th
industry condition. The metrology parameters ang/ ve
satisfied for flow measurement and detection of the
interface between the oil, foam and water. The
capacitances were measured for 16 channel industry
version of capacitance probe with the resolution fo
each channel 10 femtofarad (0.01 pF). Long-term
stability is comparable with the tests in the latory
condition. Because of improved of electronic citsui
and PCB design, influence of electromagnetic
interferences was minimized. All kinds of standard
techniques was applied such as the use of shielded
boxes around the measurement circuits, shieldel@gab
net filters. The remaining interferences was fétkiout

by measurement microcontroller and computer system.
The chosen results for the long term capacitance
measurement is shown in Fig. 7a and Fig. 7b.
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Fig. 7a. The chosen results for the long-term
capacitance measurement

Sere: 18,19.20 (electrodes MNo: 1-8)
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Fig. 7b. The chosen results for the long-term
capacitance measurement

4. Conclusion

The newly designed industrial version of multi-chah
unit for the interface liquid level and flow sensorcan
give accurate and stable measurement of flow and
interface level in petrochemical industry. The
measurement of very small capacitances requiresea u
of very sensitive electronic circuits. Interfering
electromagnetic signals can easily deteriorate the
accuracy and the resolution of the measuremengsyst



or prevent the system from functioning at all, aghler
levels of interferences. The prevention of
electromagnetic interference (EMI) therefore plays
important role. The electromagnetic disturbancesewe
practically eliminated not only in the laboratorgrsion

of the capacitance unit but also was improved i th
industry prototype. The parasitic capacitances ha&f t
cables (10 meters length) were eliminated by using
modified measurements circuits and measurement
procedure.
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