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ABSTRACT

The paper is divided into two parts. The first pigrgiven to illustrate the previous work realized
the frame of diploma thesis. The topic of the thess “Numerical analyses of insulating system of
electric device”. There are the problem descriptispecification of performed simulations and some
examples of computed results in the paper. Thensepart is dedicated to the present problem -
electromagnetic flow meter. The physical processethese devices are introduced in the first
chapter. In the next chapter are discussed po#s#silof numerical simulation of these devices and
optimization of flow meters design. The descriptibperformed electromagnetic analysis and results
corresponds to the current state of author’s reskar
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1. PART1-ELECTROSTATIC ANALYSES

1.1. I ntroduction

The solved problem was focused on the electrid faglalysis of insulation system in a high voltage
electrical switchboard. The focus was mainly onighhsoltage bushing used to pass the bus bars
between two switchboard fields. In the insulatiggtem can occur critical points with electric field
of high intensity that affect the proper functiohtbe system. The aim of these simulations was to
estimate the location of critical points and thieifluence on the performance of the insulation of
electrical equipment.

1.2.  Analysisof eectric device[1]

The goal of the work was to compute electricalsstri@side the multi component insulation system of
the compact switchboard system, which is operatdd & kV voltage level. Resources and technical
information for faithful simulation were provided the manufacturer of the electrical equipment and
insulating components. The ANSYS software was ugdnumerical calculation by the finite
elements method. The task was considered in bothrdimensional and three-dimensional
environment. The electrostatic problem was solvestéady state under following potentials loads:
Umi=V2 - Un /N3 - sint/2 = 14.2 kV 1)
Utm2=U mz=-7.1kV (2)

119



Intensive Programme “Renewable Energy Sources”, May 2011, UWB, CZ

Figure 1 — Model - 3-phase configuration of twddiswitchboard [1]

3-phase system is mounted in the insulation systamsisting of a neoprene lining, resin bushing
and polyethylene insulation of bus bars. It isdasd with a rubber outer ring to the glass-reirddrc
plastic plate located between the fields of switird. Grounded walls have a zero potential.

1.3 Numerical simulation

The task was divided into several parts, which vierated separately in order to achieve good result
of numerical simulation. The 2D task focused on bug bar with bushing was analyzed in detail with
very good discretization scheme, but without inflee of other bus bars. The 3D task involves
complex switchboard geometry but it was limiteddiscretization, regarding huge computational
requirements. The sample of the 2D analysis is srmwfigure 2.
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Figure 2 — Simulations in 2D - Section of bushifijs

120



Intensive Programme “Renewable Energy Sources”, May 2011, UWB, CZ

Figure 2 and 3 illustrate the distribution of theotric field in the bushing cross sections. Theae
be seen void spaces that represent air gaps betwsbing components and switchboard wall. These
areas are exposed to highest values of intensigleattric field and therefore higher risk of pdrtia
discharges ignition. To achieve low intensity adatic field and elimination of these critical asat
is important to remove sharp edges and properligdgsosition of components loaded by different
potential.
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Figure 3 — Simulation in 3D - Section of bushingp [

2. PART 2 - ELECTROMAGNETIC FLOW METERS ANALYSES

2.1.  Principle of the electromagnetic flow meter

Magnetic flow meters are instruments dedicatednieasurement of passing volume per time. Flow
meters based on electromagnetic principle are widetd in many industrial fieldg]. The performed
analyses are focused on the electromagnetic flotenméor liquids especially water flow meters. The
flow meters are based on interactions betweenrelaegnetic field and flowing fluid. The principle
exploits Michael Faraday's law of electromagnetiduiction for a moving conductor in a magnetic
field:

Ui=B-Il-v[V;T,m,m-% (3)

Flowing conductive fluid represents a moving cortdudn this case. Direction of the movement
should be perpendicular to the magnetic field. fidslting induced voltage on the sensing electrodes
corresponds to the flow rate [Fig.4].

voltage measurement

flow

magnetic field

Figure 4 — Principle of electromagnetic flow meters
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Measuring device consists of two main parts — pyns&nsor and secondary converter. Primary
sensor is a modified part of the pipe with an iased inner surface. The pair of sensing electrizles
placed opposite to each other along the perimet@marpendicular to the magnetic field excitation.
Electric current flowing through coils or permanenagnets excitation are the conventional signal
sources. The converter provides energizing for areiasid performs signal processing. It offers
functions of liquid batching control, detection efpty piping, internal meter status diagnostics,
automatic counter cleaning and selection of flowtsuim data visualization.

2.2.  Optimization opportunities

It is obvious that inductive sensing principle mxsgertain limitations. Constraining conditions are
determined by liquid properties — the lowest mealsier conductivity of liquid is at least QuB - m".
Effects of hydraulic failure and problems of pipelishape are the extensive chapter. In addition to
these external influences belong interferences ravides that distort the measurement accuracy.
Equipment must be suitably adapted or resistaimtéoference.

The proper selection and adjustment of these deace also important economic aspects. The
main characteristics that determine the cost anditiadal operating costs are based on these
requirements:

- energy consumption, reliability of operation, sémity to fouling, failure rate, durability, etc.

Although the main requirements listed above arestbas fluid properties and the environment
influences their satisfaction can be achieved kynoping the sensor arrangement. It is necessary to
focus on more sophisticated solution of input patams and processing of output signal.

In addition to arrangement, the flow meters arerattarized by sampling systems (alternate
current sampling, direct current pulses samplilgnlgination of AC and DC). An ideal situation, the
output signal from flow meter is a square wave vehamplitude is proportional to the velocity of
flow. The signal that comes from flow meter is Usuaoisy. Conventional techniques are not
effective enough in dealing with noisy situatiomgerefore this issue is defined as the specifitcctop
of research.

2.3. Problem analysis

The aim of the first stage is to analyze the pcattarrangement of primary elements of flow meters
without fluid flow consideration. In this case, ttask is simplified to simulation of magnetic field
Input excitation resp. electric current is considkeas steady or transient with the waveforms based
the experimental results.

The simplest method is based on magnetic flux gicalycalculation, which does not consider the
spatial field distribution. The more detailed methis the finite element analysis. The numerical
method can be easily extended to situations whielcamplicated flow profile, fluid properties and
boundary conditions. Numerical analyses involve enextensive computation. The well known
ANSYS computational software is suitable for tlaisk.

Electromagnetic analyses allow simulations in 2Dd aBD environment, depending on
simplification of the flow meter design and soly@oblem.

24.  Static and transient magnetic analysis

Static magnetic analyses do not consider time diggreffects such as eddy currents. Magnetic fields
are computed in steady state under excitationrettelectric current or permanent magnets [6].

One of the outcomes of these tasks depends onrtpenties of such materials. There is the
simplest example of a part of computational gridttos Figure 5. The task was solved as steady state
simulation of a simplified 2D model.
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Figure 5 — 2D model —

Several first simulation examples are shown orFigere 6. The illustrated units and scale do not
represent exact levels. Copies of the screen dyadllustrative.
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Figure 6 — Simulation examples — Magnetic fieldriisition

Transient magnetic analysis is a technique forutatmmg magnetic fields that vary over time. The
results of transient simulation are influenced lggye currents which are induced in conductive
materials with respect to changes of magnetic fiaklthe consequence of the eddy currents can be
evaluated power losses. The transient analysisegwve includes the following: build the model,
apply loads and obtain a solution, and then rewteavresults. The procedure will be repeated with
varying conditions to obtain coherent results dyeach step.

Application of numerical analyses and their restdtsoptimization of flow meter design are tasks
for further research.

3. CONCLUSIONS

The simulation of electrostatic field is briefly m@ned as an example in the first part of the pape
There were no preconditions that the present systaer normally conditions reach such a critical
point where the danger of flashover discharge edipgtable. The highest computed electric field
intensity reaches less than 0.9 kV / mm. Howewwvgel level of discretization does not represenit rea
extremes. Therefore local peaks of intensity havaetexpected higher in a real system.

The second part of the paper is an overview ofriteal background of electromagnetic flow
meters, present state of numerical simulations amudan of future research. The future research
involves phase with practical measurements and noatesimulations focused on steady state and
transient simulations of electromagnetic fields.eThomputed results will be compared with
experimental data.
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