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ABSTRACT

The present work studies the effect of noise on the dynamic response of pH,

conductivity and thermocouple sensors which used into several industrial processes.

Thermocouple would be proven had more stability against noise than conductivity and

pH meter. The effect of noise on process signals could be condensate as low as possible by

using suitable model of filter especially when the sensors were implemented to a digital

computer.
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NOMENCLATURE

C: conductivity (ms / cm)

G: Transfer function ( -).

km: Steady state gain of measuring device
(-)

pH: Indication of acidity ( - ).

poH: Indication of basicity ( - ).

s: Laplace transform (sec™).

T: Temperature (C°).

t: Time (sec).

Greek letters:

Tm: Time constant of measuring device

(sec).

INTRODUCTION

The efficiency of any control
system is directly depends on the
measuring of controlled variable so that
the important problem in the design of
control loops are the specifications of
sensors to get a good measurements for

controlled process variables.

The main variables of any
chemical process are; temperature,
pressure, concentration, ...... etc, some of

these variables can be measured directly
such as temperature and pressure where
another variables cannot be measured

directly such as concentration due to the
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limiting of it’s availability and with
expensive cost. However it is necessary to
estimate it by wusing the simulated
relations with another measured variable
(Thomson, 1997).

Dynamic  characteristics of the
sensors are the important guides for selecting
the suitable measuring devices of any
chemical processes. The signals of
measurements can be contaminated by
several upsets (disturbances), one of these is
noise.

Noise means disturbances, either
periodic or random depends upon the nature
of the process. There are many source of
noise such as; mixing, electrical power
fluctuation, neighboring electrical equipments

.. etc.

Different techniques were used to
overcome the noise problem which are,
improving the process design and selecting
the stable location for sensor and also by
using suitable filter noise (Jim, 2003).Several
types of filters must be commonly used to
reject spurious signals such as; low and high
pass filters, band-pass and band rejection
filters. Filters may take many physical forms
,however the electrical form is most common
and highly developed with regard to both
theory and

realization(Doebelin,1975).

practical

pH — meter

A pH — meter is an electronic
instrument used to measure the acidity or
basicity of liquids. A typical pH sensor
consists of a special measuring probe
(glass electrode) connected to an

electronic meter to display the pH

readings.
pH=-Log {HJFJ .................... (1)
poH=-Log oH_J .................... (2
pH+poH=14 ... (3)

Where [H'] and [oHT] represent the
activity (concentration) of hydrogen and
hydroxide ions respectively (Thomason,
1997).

Conductivity meter

Conductivity is the ability of
materials to conduct electric current. The
principle by which instrument measure
conductivity is simple, two plates are
placed in the sample, a potential is
applied across the plates, and the current
that passes through the solution is

measured (u).
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Conductivity is the inverse of
resistively. The conductivity sensors are
suitable for use with most portable
meters. The basic measurement unit is the
siemens (s) which widely expressed in
specific conductivity unit (s/cm).

In the present work the effect of
temperature would be considered in the
collection of experimental data for pH
and conductivity of solutions.
Thermocouple

A thermocouple is a sensor for
measuring temperature which consist of
two dissimilar metals joined together at
end. When the junction of two metals is
heated or cooled a voltage is produced
that can be correlated to the temperature.
The thermocouples always are commonly
available as wire. The four most common
used are J, K, T and E type each one has
different  temperature  range  and
environment. The thermocouple is
adapted with digital meter to display the
measurements.

The experimental rig(figure 1)was
designed and constructed into the best
way to simulate the real process and to

collect the desirable data.

Dynamic Model of Detectors

The measuring devices (pH,
conductivity and thermocouple) could be
considered as a first order lag system
(Smith, 1979 and Stephanopauls, 1984)
which represented by the following

transfer function:

Cm (9)= T Ksm+1 @

In the present work, the dynamic
models of pH, conductivity meter and
thermocouple were derived
experimentally by process reaction curve
method at the same operating conditions.

The dynamic models had the form
of the first order lag system which could

be represented as follows:

1

Con ()=1g511 ®)
1
GCOnd (S): 2.6 S+1 (6)
1
Gy, (S)=———
m =375 (7
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The values of dynamic parameters
(tm and k) were depended upon the
dimensions of sensors and the physical
properties of liquids. These parameters
played important rule in the design of
closed loop control system. The dead
time did not appear as a result of bad
mixing.

From above, one can conclude
that the pH-meter have low time constant
(fast response) than conductivity and
thermocouple devices. All of these
detectors had similar values of sensivity
(steady state gain) which approximately
equal to one.

However it was show experimentally
that the inlet flow rate of process liquid
must be selected as the manipulated
(input) variable to control the process
variables  (pH,  conductivity  and
temperature).

Condensation of Noise

It is desirable to reject or at least
condensate the noise associated with the
measuring signals which highly affected
on the efficiency of controller and then on
the final control element such as control
valve. Also it was unsuitable to link noisy
signals to digital computer which must be

operated with stable input signals.

In the present work, the noise
(fluctuation) in the measuring response of
the process would be condensate by the
following procedure:

1. Improving the experimental set-up
and locate the sensors into stable
region away from any turbulent of
mixing.

2. The transmition wires between
sensors and readers must be
shielded to resist any out side
noises from surrounding.

3. The noisecould be condensate
mathematically by driven the
auxiliary equation of noise filter.

However in addition to above procedure
it is better to use noise filter as an
instrument before implemented the
measuring signals to digital computer
(Jonson, 1988).

Proposed Control System

The primary element in any controlled
system was the measuring device.
Detectors play important rule in the
control system of the chemical plants.

The accuracy of the process control
depended upon the sensitivity and
accuracy of the measuring device. So that
to get high efficiency most of the

industrial process plants were operated
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under supervisor of digital control
system.

For examples the development of water
treatment plants be required to advanced
(PID) control system implemental with
digital computer. The major suitable
detectors used were pH and conductivity
meters. The proposal interface system is
shown in figure (2) can be used for
input/output signals able to reject any
undesirable noise. However, expert
computer program can used to operate the

plant at desired conditions.

RESULTS AND DISCUSSIONS

For continuous well mixed systems, the
behaviors of the three measuring devices
against several disturbances (upset) using
strong acid (H,SO4), weak acid
(CH3COOH) and strong base (NaOH)
which were explained as follows:

1. pH-detector :

Figures (3, 4, and 5) explained the
response of pH sensor for a step change
in acid and base flow rates. In spite of a
high response speed and lower dead time
as a result of a well-mixed condition in
the case of high speed mixer (60 rpm), a
high noise would be appeared in the

response curve.

Then the noise would be
decreased as mixer speed decreased until
reached to best speed of (10 rpm).
Fluctuation in response curve was
appeared also as a result of bad or without
mixing.

The response speed and sensivity
to any disturbance or noise of the strong
acid/strong base system was more
explained than for the weak acid / strong
base system. This was due to that the
strong acid and base were highly
dissociated to ions then the bulk of ions
around the membrane of pH electrode
was high when compared with the weak
acid system. This increased the driving
force between solution of bulk and layer
of electrode then increased the value of
pH which depended directly on this
driving force.

The sensivity (steady state gain) of ions
bulk around the electrode was linear
function to concentration of these ions so
it would be more affected by any
disturbance such as the turbulent of
mixing or change in flow rate of acid /
base solution.

From the fluctuation (noise) in pH
response, it showed (figure 6) that the

minimum and maximum value of rejected
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filter was (-2.8) and (3.2) respectively
from experimental data.

In the present work the effect of
noise was condensate by design the
mathematical filter model to pass the
desired signals and reject spurious ones
(figure 7) from the response. The
equation of filtered pH response was

obtained as follows:

pH = 6.732 - 0.0136 t — 0.21 x 10° ¢* +
0.871x10° ¢ (8)

with correlation coefficient of (0.99).
Conductivity Sensor

Figures (8, 9) illustrated the dynamic
behavior of conductivity meter against
disturbance (mixing turbulent and step
change in acid flow rate).

The fluctuation in response curve was
appeared as low as possible in the strong
acid / strong base system figure (8) when
compared to the weak acid / strong base
system figure (9) and response speed
higher for strong acid / strong base
system. This was due to that the strong
acid / strong base was polar and highly
dissociated then the ionic conductivity of

solution was increased.

The increasing in the speed of mixing
of solution would increase the motion of
electrons and the fluctuation in
measurement was less appeared.

In the contrast for the weak acid /
strong base system which had slow
dissociation and then with low ionic
conductivity and low motion of electrons.
This tend that the weak solution was
more affected by mixing noise.

However regarding to the previous
reasons, one can conclude that any type
of salts which dissolved in to water
increased the conductivity of water, so
that the conductivity meter became more
suitable and effective for measuring the
concentration of ions into salt solutions
than pH. meter which depended only on
[H'] or [oH] concentrations into solution.

So that the applications of
conductivity meters into drink water
treatment plants to detect solutions are
widely more then pH sensors (Zeebe,
2001).

Figure (10)

fluctuation of noise in the conductivity

illustrated  the

response which was between (- 0.45 to
0.45). The

conductivity explained in figure (11)

filtered response  of
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which represented by the following

equation:

C=2.371+0.0004t + 3.059 x 10° t?

with the correlation coefficient of
(0.98).
Temperature Device

For the same operating conditions,

the effect of external noise on
temperature response was less than for
pH and conductivity meter. Figure (12)
explained the fluctuation in temperature
response which was between (- 0.17 to
0.18) which represented the range of
operation for noise filter. This means that
the thermocouple was less sensitive to
upsets and had more stability compared
with pH and conductivity sensors. This
identical to dynamics specifications of
detectors which explained previously.

Actually the composition processes
were always sensitive to any disturbance
than the thermal process. So that the
control system for thermal process was
less accurate than that of composition
process.

In the present work the noise was
rejected by mathematical model of noise

filter from the temperature response

figure (13) and the equation of filtered

temperature became as follows:

T=43.173-0428t- 00112  (10)

with correlation coefficient of (0.98).

From the above responses the
detectors would be still behaved as a first
order lag system in spite of scattering in
experimental signals due to undesirable
noise.

In process control, the designer
was always selected the stable sensors
which had technical specifications against
any external noise.

For these reasons, in several
chemical process the temperature sensors
were used as good inferential indicators
instead  of

composition  sensors

(Stephanopauls, 1984).

CONCLUSIONS
1. The efficiency of any control
system was directly depended
upon the dynamic characteristics
of measuring devices.
2. For sufficient operation of control
system, it was suitable to use

conductivity meter in case of salts
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solutions and use pH-meter for
acid/base solutions.

. Thermocouple  detector  was

proven to be stable and less
effected by noise disturbances
than conductivity and pH-meter
respectively.

Noise would not affect on the
dynamic model of sensors in spite
of instability in experimental
responses.

Due to the previous reasons, in
some cases of high cost and
unavailability of  composition
sensor, it necessary to use low
cost and available thermocouple
as indicator in the inferential
control loop of turbulent process
to estimate the unmeasured

composition variable.

. Any type of noise in the input

process  signals  must  be
condensate or rejected by suitable
noise filter before implemented to

digital computers.
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Figure (3) : pH_response for step change in acid

flow rat for strong acid &base with
various speed of mixing where (A= 60
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Figure (4): pH_response for step change in base

Figure (2): Diagram of digital control system

flow rat for strong acid &base with
various speed of mixing where
(A=60rom. ¢+=20rom. = =10
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Figure (5): pH_response for step change in base
and acid flow rat for weak acid &
strong base with various speed of
mixing where (A =60 rpm, ¢=20 rpm,

Figure (7): Filtered response of pH from noise
for strong base and acid of 60 rpm.
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Figure (6): Fluctuation noise of pH
resnonse.

Figure (8): Conductivity response for step change
in acid flow rate for strong acid & base
with various speed of mixing
(A=60 rpm, ¢ =20 rpm, * = 0 rpm).
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Figure (10): Fluctuation noise of
conductivitv resnonse.

Figure (12): Fluctuation noise for temperature
response
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Figure (13): Filtered response of temperature from
noise for 60 mm
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