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Capacitance type magnetic flowmeters have traditionally offered the advantage of having non-wetted electrodes and the ability to measure low conductivity fluids.  However, they suffered from a sensitivity to flow noise and zero instability.  Innovative technology overcomes these limitations and drives magnetic flowmeters into new areas of application, while reducing installed costs.





�
Introduction





Historically the flowmeters of choice for the  petrochemical and pharmaceutical industries have been the orifice plate or differential pressure technology, coriolis, positive displacement and turbine types. When applied correctly, all can provide high accuracy, but at the same time suffer from some inherent limitations.  Differential pressure technology has high permanent pressure losses and flow ranges limited at 4:1 or 5:1.  The use of the coriolis meter can result in a high pressure drop and they also carry a high price tag, particularly in the larger line sizes.  The positive displacement and turbine meters can be maintenance headaches because of their moving parts and low lubricity fluids can cause premature wear and eventual failure of the gears and bearings. As the components in some systems must frequently be cleaned, the meters are exposed to harsh, corrosive chemicals and in some cases steam.  This usually requires that all meters be fabricated of the appropriate corrosion resistant materials, which results in higher costs.  In the case of the positive displacement and turbine meters, exposure to steam can impact the life of the meters due to over-speeding. 





The magnetic flowmeter overcomes many of the problems associated with these other technologies and would be preferred by many users.  Since the meter is obstruction-less, there is no pressure drop.  With no moving parts to wear or fail, reliable, maintenance-free operation results with unrestricted up-time.  Finally, magmeter technology offers materials of construction such as Teflon and ceramic and cavity-free design.





In spite of these advantages, traditional magnetic flowmeters have not been widely applied in these industries since their use is limited to applications where fluid conductivity is above approximately 5 mS/cm, while many process fluids have lower conductivity.  With low conductivity, process and electrical noise becomes a problem.    Designs utilizing special circuitry or driven shield technology have permitted the use of magmeters in process liquids with conductivity of 1-5 mS/cm, but reliable and accurate flow measurement is still extremely difficult or even impossible.  





In 1987, magmeters were introduced which placed the electrodes outside a ceramic liner and capacitively coupled the electrodes to the fluid.  A feature of this approach is the ability to measure low conductivity liquids, however the magnetic field was generated at low frequencies, which again made the meter sensitive to flow noise.  Now, new technological advances have led to the development of a capacitance type magnetic flowmeter using high frequency coil excitation, which reduces sensitivity to flow noise while maintaining zero stability.





A Capacitance Type Magnetic Flowmeter with High Frequency Excitation 





A capacitance type magnetic flowmeter works as a capacitor by measuring the capacitance (difference in potential) between the two electrode plates produced by the flowing liquid cutting the lines of force of the magnetic field.  The electrode plates are mounted on the outer surface of a 99.9% pure ceramic flow tube and are not in contact with the process fluid.  The capacitance of the ceramic is very small so an amplifier with a high input impedance is required.  In addition, the electrode shield is driven by the amplifier to prevent voltage drop due to stray capacitance.  Figure 1 shows the meter’s construction.





As mentioned previously, earlier offerings of capacitance type magnetic flowmeters have suffered from a sensitivity to flow noise and zero instability commonly associated with the measurement of low conductivity fluids.  Though the cause of the flow noise is not clear, it is thought that friction between the fluid and the ceramic liner causes a static charge to be developed as electrons are scraped off the surface of the liner, producing a non-homogeneous charge in the fluid.  There are a number of factors, such as viscosity, velocity and conductivity, which influence the noise level.  Viscous fluids tend to minimize the noise since the fluid velocity along the surface of the liner is lower due to the boundary layer effect.  High fluid velocities, on the other hand, can increase the noise level since it increases the friction between the fluid and the liner.  Finally, the fluid conductivity level can influence the noise level since the potential for a static charge to be carried in the fluid is a function of the fluid’s conductivity.





The noise observed has a 1/f characteristic, meaning that the noise is greater at lower frequencies and less at higher frequencies.  Figure 2 shows this relationship.  Therefore with high excitation frequency noise becomes less of a concern.  Conventional capacitance type meters have used low excitation frequencies on the order of 12-25 Hz.  These lower frequencies were adopted because when using higher frequencies problems with zero instability are encountered.  The zero instability problem relates to the magnetic field flux differential noise.  Ideally, when the field coils are turned on we want the magnetic field to collapse very quickly to a stable level, meaning a fast rise and fall time is required.  Because of the inductance of the coils this is not easily achieved.  If the coils are pulsed at high frequency in order to address the flow noise problem, this field flux instability problem is aggravated because the field does not have sufficient time to recover to a constant value.  


Now, a technique has been found which permits a reduction in the time required to attenuate the flux differential noise or in other words achieve a fast rise and fall time for the magnetic field.  This has been achieved through improvements in the amplifier circuitry and changes in the laminated structure of the coils.  The result is that excitation frequencies of 165 Hz are now possible.  As we have seen, the flow noise is considerably decreased at these frequencies.  





Figure 3 shows the waveforms of the flow signal at zero flow and the excitation current modulating the magnetic field at 165 Hz or a period of 6.1 ms. It can be seen that the flux differential noise changes and attenuates within 1 ms, while the flow signal is sufficiently stable during the sampling period.  By comparison, for a conventional pulsed DC excitation at 10 Hz, the period would be 100 ms of which approximately 30 ms would be required to attenuate the flux differential noise.





Performance





To confirm both the accuracy and signal stability that can be achieved, flow tests have been conducted.  The test set-up used is shown in Figure 4.  The meter was tested in series with a positive displacement flowmeter that had a calibrated accuracy of 0.2% of reading.  The test conditions were as follows:





Fluid Conductivity: 0.47-0.50 mS/cm


Flow Range: 0-130 GPM


Meter Size: 2”


Pump Rated Capacity: 100 GPM


Meter Damping: 3 seconds





The integrated or totalized readings of each meter were compared (Figure 5) and the data shows that the accuracy is almost the same as the positive displacement meter.  The recorded output (Figure 6) indicates that a stable output is obtained throughout the range of the meter.  In addition, a no flow condition results in a stable zero reading.





Practical Applications





The benefits derived from this technology now make possible the application of magnetic flowmeters in the measurement of pure water and low conductivity chemicals.  Examples of fluids that can now be measured include:


Acetic Acid


Acetone


Acetyl Chloride


Acrylonitrile


Ammonia


Chloroform


Ethanol


Ethylene Glycol


Phosphoric Acid


WFI





In addition, because of the non-wetted electrode design the meter is insensitive to insulating coating problems and slurry noise.  For a conventional magmeter with wetted electrodes, insulating coatings will cause some of the flow signal to be dropped across the electrodes, resulting in span shifts and output fluctuations.  Although the high input impedance of today’s transmitters acts to minimize these effects, there are some coatings that can cause major problems.  These materials include iron oxide, calcium carbonate, magnesium carbonate, oil, and rubber fines.  With capacitance type sensing these materials pose no problem since there are no electrodes to coat.  Figures 7a and 7b show the effects of a 0.1 mm coating of grease on a conventional wetted electrode design and the improvements achieved with the capacitance type meter in spite of a 1.0 mm coating of grease.  





Slurry noise is generated when solid substances collide with the electrode.  In general, the metal electrode is covered with a thin oxide film, but when the solid material hits the electrode the oxide film is broken, exposing the metal.  Electrical noise occurs when the exposed metal tries to stabilize by re-oxidation.  Some typical slurries include pulp stock, vinyl chloride slurry, titanium chloride, hydrochloric acid slurry and sludge.  Again, with capacitance type sensing this is not an issue since there are no wetted electrodes. 





Installed Cost Benefits





It has been shown that a capacitance type magnetic flowmeter utilizing capacitively coupled electrodes, combined with a unique high frequency field coil excitation, can provide accurate, reliable measurement of even low conductivity liquids, coating process flows and high concentration slurries.  The use of this technology also has benefits related to reduced maintenance and corresponding reductions in installed costs:





Because the electrodes are mounted behind the liner and are not wetted, there is no potential leak path related to the electrodes as would be the case in a conventional design.   Two potential emission paths are eliminated.  In addition, the ceramic liner eliminates the possibility of collapsing the liner in vacuum service or as a result of control program anomalies.  The result is unrestricted up-time and dramatically improved safety, especially for metering corrosive or dangerous liquids.


Compared to traditional magnetic flow meters, maintenance is simplified and maintenance costs are reduced as a result of immunity to coating or build-up effects.  In a traditional magmeter, when cleaning is required, special care is demanded because of the requirement to protect the liner and the protruding electrodes that have to be in contact with the measured fluid.  Capacitance technology uses a durable ceramic flow tube and no protruding electrodes.





It has been shown that capacitance type magnetic flowmeters featuring high frequency excitation techniques can reduce the flow noise experienced in low conductivity fluids.  As a result, these meters solve problems encountered with traditional magnetic flowmeters and provide stable, reliable measurement of low conductivity fluids, adhesive fluids and high concentration slurries.
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