 7.2. PULSED POWER CIVIL APPLICATIONS

High-voltage which humanity has learned to produce more than two hundred years ago with electrophoric machine was used to design artificial lightning-electric sparks. At the beginning there were discharges in air, then in liquids (olive oil, water, ethyl alcohol), and then in solid dielectrics. Already during first experiments with sparks in liquids and solids there were discovered their high explosive effect and the attempts were made to establish quantitative regularities of electric power conversion into mechanical. Attraction (or repulsion) of electrified bodies, the motion of subjects by the action of electric field were studied. Only later - at the last quarter of the 19-th  century one began to use high DC and then AC voltage for electric current (energy) transmission for a long distance. The 20-th century is characterized by steady and essentially rapid increase of the voltage level of power transmission lines and substations. 

There is a new trend from the middle of our century, which has been marked by ever-increasing fraction of electric power in the total energy consumption in industrial processes. 

The most of these processes are based on the use of direct transformation of electric energy into others. The relative low voltages (units to the tens kV) are used in such processes as electroerosion  and magnetic-impulse treatments of metals in industry, electrostatic processes as  a base of electron – ion technology ( see § 7.4) precipitation, paint application, separation, mineral concentration, etc. 

For last four decades  years the synthesis of High Voltage Engineering and Physics and Techniques of Particles Acceleration resulted in the formation of new scientific direction usually called as “Pulsed Power”. Its base is the application of high voltage impulse technique for producing short (10-9-10-7 sec.) powerful (up to 1012 W) impulses of electric energy followed by their conversion into the beams of charged particles, impulses of laser emission, ultra-strong magnetic field, etc.

The formation and development of new direction in science and engineering stimulated intensive investigations of processes proceeding in gas, liquids, solid dielectrics and vacuum  under electric fields with extremely high voltage up to tenth megavolt. 

The usage of the energy as a short-term pulse of a high power provided by high voltage (tens and hundreds of kilovolts) and sufficiently great currents (from units of ampere to kiloamperes) is common for the most of technologies which we call as “Technologies based on the high voltage pulses usage”. 

The voltages of tens and hundreds of thousands of volts are used for: 

1) the treatment and destruction of solid nonconducting bodies with powerful electrical discharges in surrounding liquid or in treated (or destructed) material;

2) generating powerful waves with spark discharge in liquids (usually in water) followed by their usage in different technologies (expanding pipes, treatment of casting from moulding sands, destruction and grinding of brittle nonconducting materials, the transmission of information with acoustic waves in water, etc.);

3) initiating chemical reactions which are difficult under usual conditions (electrical cracking of hydrocarbons, purification and disinfecting water and liquid wastes, etc.);

4) electric explosion of conductors for: a) ultradispersed powders (nanopowder) of metals, alloys and compounds producing; b) circuits  with induction energy storage commutation ; c) initiating explosives, etc.

These technologies can be united in some groups according to method of transforming the pulse of the electric energy into other kinds of energy. It is possible to consider two such groups, Fig. 7.5.
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Fig. 7.5. Classification of high-voltage impulse technologies

In total balance of power inputs the part of every of above named phenomenon is different for two mentioned groups of technologies.

The first group includes the technologies based on transforming the electric energy into other kinds of energy in discharge channel. We use the term «Electropulse Technology», if the formation of a discharge channel occurs in treated solids or in aerosol (in case of water purification and disinfection). The term « Electrohydravlic  Technology» will be used in case discharge channel formation in liquids (mostly in water).

The technologies of the second group are based on transforming the electric energy into other kinds of energy with energy liberation in explosive conductor (wire) and in partially ionized filament formed with the metal vapors of the conductor. We call it electroexplosive technology (EET).

In every  these cases transforming the electric energy is accompanied by the complex of phenomenon: mass-transfer and shock waves forming, a rapid growth of temperature up to a few thousands degrees, the radiation over a range of wave length (from infra-red to soft x-ray radiation), forming active chemical elements, etc.

7.2.1. Electropulse Technology

The schemes of the solid destruction by this technology are shown in Fig. 7.6.

[image: image3.png]d)

<)




The essence of this technology is the formation of a discharge channel in the solid material and an explosion like dissipation of energy in it, which creates dynamic strain in the material. With pulse amplitudes of ~300 kV specific energy deposition, of (100 J/cm at a GW power level, leads to pressure buildup of (1010 Pa in the discharge channel. Its temperature increases to >104 K. The spark channel, initially only  from ~10 to 50 (m wide, expands and launches a pressure wave into the surrounding solid material, which can lead to its disintegration, Fig. 7.7.
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Fig. 7.6. Time dependent calculated pressure wave profiles originating from a discharge channel in a Plexiglas body.

To initiate the discharge, the arrangements schematically drawn in Fig. 7.3, are used: a capacitive energy supply delivers a fast rising voltage pulse of (500 kV to electrodes touching the solid which rests on a grounded electrodes. A discharge through the solid will occur if its breakdown voltage is lower than the applied voltage and if the breakdown strength of any other path outside the solid is higher. A necessary condition for this is that the local electric field inside the solid body exceeds the electric strength while it does not exceed the electric strength in the liquid dielectrics. A. A. Vorobiov, G. A. Vorobiov, A. T. Tchepikov [38] first discovered in the late fifties of last century effect – as a function of pulse rise time the electrical strength of solid material decreases less than that of liquids. This effect can be illustrated by a voltage-time characteristics of liquid, solid and gaseous dielectrics, Fig. 7.8.
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It is seen that at short voltage ramp rise-times, the breakdown strength of liquids becomes higher than that of the solid materials. 

7.2.1.1. Granulating and Crushing Nonconducting Solids

a) Brittle Materials

Traditional  processing of ore involves several operations including its disintegration and classification. Labor-intensive and expensive processing of ores requires from 30 to 70 per cent of the overall expenditures. At present high-energy losses as well as wear and tear of equipment accompany extraction of useful minerals from ores containing (1%. 

Traditionally used equipment practically doesn’t have the property of selective destruction of inhomogeneous materials. This condition called for alternative destruction methods having selectivity in order to change basically the solids disintegration process and improve technological benefits and, in the long run, reduce expenditures on useful component extraction. 

The electropulsed technology, which is being elaborated at Tomsk Polytechnic University possesses of selectivity. Electric impulse destruction can produce separation at material or grain boundaries via three effects [55-56].

At inclusions where the dielectric properties are very differed from that of the matrix, the electric field intensity can be magnified and attract the discharge track to the inclusion, where it can continue to develop along the boundary. This is shown schematically in Fig. 7.9 (top), where a conducting sphere has been embedded in an insulating matrix. In this case separation of the inclusion from the matrix is caused directly by the discharge channel [56-58].
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A second more important effect starts from cracks created in the immediate surrounding of the channel. As can be concluded from Fig. 7.9 the pressure exerted by the expanding channel almost always exceeds the tensile strength of materials and leads to the formation of cracks. If cracks have been formed in contact with the spark channel, channel products can penetrate into them and exert force on the crack walls. The character, dynamics and intensity of the crack formation are determined by the rate of energy deposition in the channel and by the properties of the material. Brittle materials show a large number of cracks in a radial zone of ~3 mm around the discharge channel, created early in the discharge. During a later phase, a number of radially propagating cracks start to grow from this zone. The extension and crack density around the channel correlates with the rate of energy release. However, the number of cracks reaching the surface of the probe depends more on the total energy released in the spark channel. Consequently, one can conclude that to achieve comminution, a high power of the pulse is required while the detachment of large fragments is most effectively achieved with high pulse energies deposited over a longer time interval. For the selectivity of fragmentation it is important to realize that material inhomogeneities in general, and acoustic inhomogeneities in particular, influence the propagation of cracks in a composite material. The reason for this is the existence of increased mechanical stress at the boundary of an inclusion. Stress waves reflected from inhomogeneities or inclusions can interact with the growing crack before the inclusion is reached. If cracks hit the inclusion they can branch, depending on the angle of incidence, as schematically indicated in Fig. 7.9 (lower), and separate the inclusion from the matrix. 

A third effect leading to separation at the interface of an inclusion and the surrounding medium is connected with the action of an incident compressive wave launched from the discharge channel. This is schematically shown in Fig. 7.9. (middle). Initially, and in the immediate surrounding of the spark channel, the wave has the character of a shock wave, while later it develops into a compression wave. A compressive stress wave is converted into a tensile wave after refraction and reflection inside the inclusion. At small amplitude, separation occurs first at the shadow side if the inclusion has higher acoustic impedance. Complete separation over the entire interface of the inclusion and the matrix was observed at sufficiently high wave pressure.

An important question is whether inclusions can be separated, but remain unbroken, from the matrix. It is well known that a shock wave arriving at a free surface or at a material interface with a strong jump in acoustic impedance can lead to spallation. A strong advantage of electric impulse destruction is that the energetic parameters of the pulse power generator can be varied over a wide range, and adapted to the physical, mechanical and acoustic properties of the composite. Because of the complexity of composite materials, this has to be determined experimentally for each material. 

The selectivity of electropulse destruction is especially important for the crushing of ores containing precious stones in which faults abruptly decrease the commercial value of the crystal. It is necessary to note that this method allows to essentially increase the extraction of useful ore components, moreover, disintegration size can be 2-3-times increased in comparison with traditional mechanical methods. The installation parameters with different productivity and comparison of properties of different materials destroyed by electric discharge and traditional technology are given in Tables 7.2 and 7.3.

Table 7.2

Installations Characteristics

Installation

Type
Throughput (Product with size of grains-2 mm)
Weight, t
Laboratory Dimensions, m

installation for processing the geological samples




DIK-IM
160 kg/h
3
3.6 x 3.6 x 2.4

DIK-3
50 kg/h
1
1.6 x 2.0 x 2.1

continuously operating installation
1 t/h
15
5 x 8 x 35

Table 7.3

Some Products Comparative Characteristics

Raw Material Type
Indicator
Electric Impulse

Demolition
Mechanical Demolition

ore containing tin
extraction in %
61.6
wave granulator 57.8

rod mill 55.2

ore containing

tungsten
prospecting extent in the concentrated product
84.3
79.9

kymberlits
extraction carat/t,

crystal output

(4-2)mm in %
8.48

 75
4.01 

37

melting quartz

(breaking up to 5 mm)
contamination extent 

by apparatus metal, %
0.005
0.2

At present the installations with the productivity from 50 kg per hour to 1 ton per hour have been developed. The installations consist of a high voltage supply with the discharge device-working chamber in which the destruction processes are carried out. The control system for the motion of electrodes is also installed in the chamber.
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Pulse suppliers, as a rule, are multistage impulse generators, which allow getting pulses with the amplitude up to 300 kV, pulse energy up to 1 kJ, exposure time is 0.1(s.
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The peculiarity of the electropulse destruction generators is their high operation frequency (up to 20 s-1) while working an active low load, which imposes stringent requirements for capacitors, commutators (sphere spark gaps) and charge circuit elements. From 1 to 4 generators are used in the installations. Simultaneous application of several generators requires synchronization of their operation with the purpose of working chamber isolation protection from the breakdown or flashover.

Working chambers can be batch, having as a rule, one high voltage electrode, which transfers the generator energy into an active destruction zone or an on-stream operating with several high voltage electrodes. The construction working chambers depend on technological destruction tasks. Photographic view of installation with one-electrode working chamber and with the productivity of 

100 kg/hour is presented in

Fig. 7.10. It is an installation component for the destruction in the zone between high voltage and grounded electrode-classifier. The final product is removed from the tank through the holes in the grounded electrode. With shown installation one can destruct samples of the initial size of 80 mm down to size of 1 mm during one stage. 

Complete setup of an industrial demonstration facility for metal recycling with screen box and sound insulation is shown in Fig. 7.11. 

The scheme of three-stage installation is shown in Fig. 7.12. The given technology allows one to fragment complex articles consisting of metallic and dielectric components (radio valves, illuminating lamps, [image: image9.jpg]


electronic plateau, etc.) into constituents. At that two effects are achieved. Opportunity occurs to utilize waste and to protect environment from pollutions.

Of course, recycling of waste materials is only reasonable if certain economic and ecological criteria are met. Economically it is advantageous if the sum of earnings from the secondary raw materials and costs from depositing, in case non-recycling, is higher than the recycling costs.
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Ecologically it is rational if the environmental alleviation by use of secondary raw materials is larger than the difference between environmental charges for recycling and depositing. Recycling of products like concrete fiber glass enforced plastics, electronic devices, electronic scrap, circuit boards, cables, electric appliances, etc. requires separation into the constituents. In conventional recycling plants this is achieved by shredding the materials into small pieces and extracting the different components. Multiple steps are in general necessary to obtain pure materials. To recover the material components with their original quality in general is not possible with mechanical methods. Fragmentation of composites by initiating a pulsed H.V. discharge inside the solid material in some cases offers an effective method to separate the material into its components without degrading this quality, Fig. 7.13.

b) Elastoplastic Materials

Electropulse fragmentation turned out to be less successful for elastic or impact materials. In an attempt to improve the performance of the method in this field of application, investigations were launched at Tomsk Polytechnic University, in which elastic materials (in particular rubber) were immersed into liquid nitrogen (LN2) to increase their brittleness. 

However, the success of this approach does not only depend on the increases brittleness of the material but also on the dielectric properties of LN2. A real drawback of LN2 as a dielectric liquid is its small permittivity of (r=1.454. Thus field intensification inside a solid material immersed in the liquid cannot be expected. On the contrary, since many solid materials have a higher permittivity, a weak field enhancement in the liquid may occur.

The second peculiarity is significant difference in the breakdown behavior of LN2 from one hand and dielectric liquids like transformer oil, glycerol, ethanol or water (at normal conditions).

Dependence of the breakdown voltage in LN2 on gap widths is nonlinear especially by gap widths more than 20 mm. The increase of Ubr in LN2 becomes much slower by gap widths>20 mm.

This behavior probably is connected with a change of the breakdown mechanism from an area to a volume effect. The probability for the appearance of bubbles grows if the stressed volume increases. Such bubbles promote the formation of streamers inside the volume and reduce the macroscopic breakdown field strength. The formation of bubbles in the LN2 bath is of practical relevance since the temperature of liquid gases under atmospheric pressure stabilizes close to the boiling joint. In such liquids, even the minute heat production inferred by pre-breakdown currents can lead to the appearance of bubble chains, along which premature breakdown can occur, before a discharge path through the solid material has been established.

The variation of breakdown strength with pulse rise time is much less pronounced than for water. While in water, the breakdown strength increases by a factor of 10 when passing from a pulse rise time of 1 (s to 200 ns, the corresponding increase in LN2 is merely 25%. On the other hand the investigated rubber materials showed a linear increase of breakdown voltage with sample thickness. To induce the discharge in a solid material like rubber with greater probability than in LN2, one should apply pulses with rise times of (0.2 to 0.5)x10-6 s and pulse amplitudes of 200 kV for samples to 30 mm thick.

Another reason for weakening of the electric breakdown strength in LN2 can be the accumulation of ice crystals within the liquid, originating from frozen out air humidity if the surface is exposed to normal atmospheric air. Of course, these problems could be reduced significantly by pressurizing the LN2 and by minimizing the contact of its surface with atmospheric air. 

The removal of bubbles from the LN2 bath also can limit severely the achievable repetition rate. If typically 125 J of energy are deposited in the discharge channel and converted into heat, ~0.5 l of N2 gas must be removed from the bath between shots. Although the viscosity of LN2 is relatively small, 0.21x10-3 Pa s at 77 K, as opposed to 10-3 Pa s for water at 200 C, which facilitates bubble movement to the surface under buoyancy force, corresponding experiments have shown that N2 gas bubbles in LN2 submitted to buoyancy force only, move upward with a speed of only 0.2 m/s. Given a depth of the LN2 bath of 20 cm, the pulse rate will be limited to <1Hz if complete removal of bubbles between shots is required. Only practical experience will show however, what the real repetition rate limitations are. 

To explore the applicability of electropulse fragmentation under LN2 for industrial processes at Institute fur Hochleistungimpulse und Mikrowellentechnik of Karlsruhe, Germany, the facility Franca 3 was developed, Fig.7.14, [57].
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Gross separation of metal-plastic composites was easily achieved. However, small traces of rubber remained on the metallic surface and could not be removed even by prolonged treatment. Also little craters appeared on the metallic surface at arc foot points.

The separation of components from thin sheets of material, like printed circuit boards, could not be achieved efficiently. In this configuration the channel products can escape rapidly from the channel and prevent the buildup of any significant pressure.

Also it was found that many organic materials were decomposed at the high temperatures in the discharge channel and, during cooling, resulted to new uncontrolled substances. Although the quantities were small and may be tolerable in some processes, they are certainly unacceptable in the treatment of pharmaceutical and food products. Therefore, and because of the appreciable costs of LN2, collaborators of Farschungszentrum Karlsruhe have been unable so far to identify an industrial application that justifies electrodynamic fragmentation of milling under LN2.

7.2.1.2. Concrete Demolishing. Recycling of Building Materials

Today, concrete is one of the most wide spread construction material. For example, approximately 1 m3 of concrete per inhabitant per year is used for building purposes in Germany [57,59]. Similar quantities are consumed in other industrialized countries. 

The raw materials grave, sand and cement are completely taken from natural resources. On the other hand 30 million tons of residual masses of concrete, mortar and brick are created per year in Germany.

The rate of reutilization of these building materials is quite low and restricted to secondary constructional operations like backfilling, noise protection dams, etc. Reutilization without degradation requires an improved separation into sand, gravel, and cement. Crushing the material with multistage jaw breakers or impact mills cannot separate its constituents and produces a large fraction of dust and small particles.

Concrete is a composite heterogeneous material and therefore well suited for separation into its original components by electrodynamic fragmentation. Microcracks between the aggregates and the cement matrix already exist in the unstressed concrete. Alternation of loads expedites the detachment of aggregates from the cement matrix. Since the acoustic inhomogeneities are rather large in concrete, ideal conditions exist for separation by pressure waves. Also the pressure impulse at the discharge channel mainly creates tensile and shearing forces, conditions at which the strength of concrete is low. Therefore cracks will originate and spread from the channel.

The reutilization of ferro-concrete (reinforced concrete) is much more difficult and important problem.

In Russia the amount of ferro-concrete wastes exceeds 5.0 mil. m3; by this, up to 150 thousand tons of reinforced steel lost in the concrete wastes.

The products for processing are: worn out slab concrete articles formed at building disassembling, railroad sleepers, electric overhead transmission line supports, bridge spans, sidewalk stones, vine pillars, etc.

Reinforced concrete utilization is reasonable realized in two stages: the first stage is to extract the reinforcing bars (primary disintegration) and the second stage is finishing the disintegration of unconventional or nonstandard fractions down to the dimensions suitable to be reused in new products. In the first processing stage the electropulse technology based on the electrical discharge in concrete is the most effective, Fig.7.6. In this process the metallic reinforcing bar serves as one of the electrodes and in the process of concrete destruction does not significantly change its shape, Fig. 7.15(a,b), [60,61].
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The installation for concrete demolition consists of impulse generator, electrode system, and technological bath and control panel, Fig. 7.16. Impulse generator is installed as a rule in a separate room, which protects the electrotechnical equipment from direct atmospheric exposure and serves as a screen against electromagnetic radiation. The electrode system contains 10-22 high-voltage electrodes arranged into a row along the width of the technological bath. Each electrode is provided with an individual separate drive for vertical moving. The technological bath is a metallic welded tank filled with water where the article demolition occurs. The view of installation for demolishing 6.3 x 3.2 x 0.3 m slab reinforced concrete constructions is given in Fig. 7.17. 
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Its technical parameters are given in Table 7.4.

Table 7.4.

Installation Technical Parameters

rated output, kW

throughput (without the period of articles loading and unloading), cub. m/hour

energy consumption, kW hour/ m3
· at processing the articles with the reinforcing bars laid in a single layer1

·  at processing the articles with the reinforcing bars laid in two and more layers 

parameters of the articles being demolished:

·  dimensions, m

· mass, t

· installation dimensions

· installation mass, t
100

3-5

3

7

6.3 x 3.2 x 0.3

10

12 x 12 x 4

25



The main advantages of this technology are 

· due to small specific energy consumption concrete is destructed by extending efforts, which critical meanings are approximately 10 times less than critical compression efforts;

· reinforcing cage and backing details in the process of destruction are not practically changed and are suitable for reusing;

· demolished concrete is suitable for reusing.

7.2.1.3. Removal of Surface Layers

The configuration shown in Fig. 7.2, b can be used to remove surface layers contaminated by hazardous chemicals or radio nuclides.  Experiments have been carried out at Tomsk Polytechnic University in the early sixties and Forschungszentrum Karlsruhe in 1996, where a device was built that can be moved in all three dimensions above 2x3 m2 larger water filled basin [57,59].

While investigators from Germany have tried so far only single pairs of electrodes, long parallel strips of electrodes have been used. It was expected that in this configuration breakdowns would travel randomly along the electrode gap and that removal of concrete at one location would increase the breakdown strength there and transfer the discharge to another position. By this kind of self-regulation, a uniform depth across the scabble path was predicted. The prototype system consisted of a 120 kV Marx delivering a 0.8 to 2 kJ pulse at a repetition rate of 5 to 40 Hz. The average scabble speed was ~5 to 20 cm/min, and thus a factor of ~10 larger that that of a low voltage (20 to 30 kV) electro-hydraulic scabble system based on water breakdown, although the energy consumption of the latter was a factor of ~4x larger. The specific energy consumption of the HV system was 500 to 100 J/cm3. Trials were also conducted at a US Dept. of Energy (DOE) test site where a uranium contaminated concrete layer was removed from the plant force. According to the experience gained in these experiments, the technique can be used to decontaminate large floor areas. The radioactive products released during the process are contained either in the concrete rubber or in the water as fine suspended particles. These components must be removed from the water by filtering or evaporation of the water. Recontamination of the concrete surface laid open cannot be avoided completely, but can be kept small by fast recycling of the water.

As for the case of concrete decomposition the conductivity of the process water rises with time and needs to be controlled. This is especially important for the parallel strip electrodes used in the experiments. The rod electrodes can be enveloped entirely by an insulator except for a small section at the tip. Also the pulse amplitude should be raised to >400 kV. At 350 kV the specific energy consumption was also low as 70 J/cm3 in experiments.

7.1.4. Wells Drilling 
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The possibilities of electropulse (EP) well drilling are studying at Tomsk Polytechnic University during many years. EP drilling plants are tested in the field conditions of various regions: the Ore Altai, the Kursk Magnetic Anomaly, the BAM route, the Kola Peninsula, and the Donetsk coal-fields. The total length of wells drilling in the different kind of rock is   more than 1000 meters [55,62,63].  The disel oil was used as a flushing-out  liquid (washer  fluid).

Main characteristics and result of drilling are: well diameter- 

80-1110 mm; interelectrode distance- 20-300 mm; the pulse voltage amplitude- 200-700 kV; the single pulse energy- 0.5-20 kJ; average rate is  direct proportional to the pulse repetition frequency up to 26 pulses per second. The wear of steel bore tip (drill crown) electrodes is negligible and it is possible to carry on drilling of some hundreds of meters in hard rocks without changing of bore tip. 

The simplified technological scheme of wells drilling according to EPT with the reverse circulation of the washer fluid by injection is shown in Fig. 7.18. The scheme includes the source of pulse voltage 6, the drilling tool with directing and pulling and running mechanisms and the system of flushing-out of well 1, 5, 8, 9, 10. The drilling head (drill crown) 2, the strings of drilling rods and high voltage input 7 are the main elements of the drilling assembly. The drilling rods 3 perform the function of voltage pulses transmission  line from generator to drilling head in addition to the functions inherent to the mechanical methods of drilling. For that they are provided with central voltage input. The outside barrel of drilling rod serves as the inverted voltage input. Over the length of the rod the central voltage input is fixed with the insulator in outside barrel. The drilling head is the system of high voltage and grounded electrodes united to the aninted construction, 
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Fig. 7.19. The electrodes are distributed accidentally over the bottom with approximately equal values of the gaps between the electrodes with different potentials. Automatic discharges distribution over the gaps is an important feature of the drilling EPT. With the breakdown in one of the gaps (1) the cavity resulting from the breakdown of rock, which was demolished, is filled with the liquid. This causes o the increase of its breakdown voltage. The following discharges (2, 3) occur in adjacent gaps by turns until the rock has been demolished completely in all gaps over the area of the bottom. The drilling assembly then will move to a new position (will deepen to the demolishing mass), where all inter electrode gaps will appear under equal conditions with respect to the electric strength of the rock under electrodes forming them. And then the described above cycle of the rock demolishing will repeat. At that the rotation of drilling assembly is not required.

It is possible to put the well into any form (round, square, rectangular) by combining electrodes shape and their arrangement. The well cross-section can be changed by combining the number of electrodes and the value of inter electrode gap practically unrestricted (up to the dozens of square meters). If one places the electrode not over the area of the bottom but on perimeter we obtain the drilling assembly for geological wells sinking with recovery of core. At that the well oriented core of any section forms.

The schemes of well flushing-out with EP-drilling are insufficiently differed from the traditional schemes for mechanical methods of drilling.

However, with EP-drilling the well flushing-out along with cuttings removal from the bottoms provides the liquid occurrence and homogeneity in near electrode space. In the inter electrode gap the electric discharge, if there is even the discharge  penetration to a solid, is accompanied by the formation of gaseous micro inclusions (bubbles) due to the material decomposition and evaporation, which contacts the discharge channel. If for the period between the discharges the gaseous inclusions (bubbles) don’t have time to remove away from the inter electrode gap the breakdown probability in liquid increases through gaseous inclusions with the rock demolishing process stoppage. According to the technical and economical considerations it is possible to regard the flushing-out with the intension providing timely removal of the cuttings and gaseous inclusions with frequency of discharges frequency 15-20 per sec. as optimal one. Different liquids including dielectric (transformer oil, diesel oil) and weakly conducting liquids (liquid compositions, water) can be used as operating environment with the usage of EP-technology (including EP-drilling). In dielectric liquids the conditions for the process realization are the most favorable ones: the minimum level of the operating voltage and of the critical rate of pulse rise and energy losses because of              pre-breakdown electrical conductivity.
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However, a high cost of these liquids and ecological danger of their usage force one to search for the engineering decisions, which should permit to use water or special drilling liquid compositions with EP-drilling.

The usage of water as an insulation liquid for EP drilling did not show good result, because water has low resistance. Bore tip in water has significance capacity, that increases time rise of pulse (f. Considerable current leakage from electrodes is decreased pulse amplitude Um. For rock breakdown in water it is required considerably  bigger pulse voltage U and shorter (f than in insulation liquids. Thus commercial usage of EP drilling the high pulse voltage U is restrained. The investigations for designing EP bore (tool) for drilling wells with water washing are continuing, see Fig. 7.20. The bore of this type consists of bore tip 1 with high voltage and grounded electrodes separated by bore tip insulator 7, bore pipe 2 includes coaxial arranged grounded 3 and high voltage 4 pipes separated by solid insulator 5 and high voltage insulating bushing 6. The high voltage insulating bushing, bore tip insulator are one construction with solid insulator. The designed EP bore differs from earlier known construction of EP bore, which was intended for drilling with diesel oil as the flushing-out liquid. The designed EP bore was tested in laboratory. It was used for drilling hole in granite (compressive strength 233 MPa). The hole with depth of 350 mm and average diameter of 330 mm was drilled.

EP-drilling doesn’t require special pressing electrodes to the bottom with a significant effort. Due to this and due to the lack of the drilling tool rotational movement its wear is slight. About a half of the wear occurs due to the electric discharge  erosion and the rest of the part is abrasive wear resulting from the contact with well walls and with removed cuttings. Sinking for one drill crown, the electrodes of which were manufactured from ordinary steel, exceeds the sinking for diamond crown by an order of one or two. 

Based on accumulated experience it is possible to determine the areas and the conditions for the most effective usage of EP-drilling:

a) according to the class of rock-in hard and especially in superhard rocks, in frozen ground;

b) according to the well diameter- more than 100-1500-mm;

c) according to the drilling conditions- difficult for securing rotational movement of drilling assembly and transforming thrust to it (under water, under the conditions of bounded space);

d) according to application- special wells of non-round section, hollow wells.

One should carefully forecast concerning the EP-drilling availability of deep and ultra deep wells (up to 50 km). The possibility was shown to transmit high voltage pulses to a large depth, to use the in-the-hole sources of high voltage pulses, to demolish the rocks under high hydrostatic pressure (it was investigated up to 150 kg/cm2) and temperatures (it was investigated up to 1500C).

7.2.1.5. Water Purification and Disinfection

Human activity nowadays has become one of the major factors in the evolutionary development of the surrounding world. Unfortunately this generally progressive and creative activity can also bring large negative results. Speaking of the natural waters, which created life and a human, the activities of the mankind have lead to an extensive water pollution, which has now become one of the greatest problems concerning all the humanity. The pollution leads to the loss of both water quality and resources of pure water on the planet. Clear water is turned to dead one. It has become evident that water is not always a source of life, but often a source of death and it needs a help of the people. This reality, unfortunately, is not fully understood by the society. The problem of water quality is one of the most vital problems in the world.

The emphasis is currently made on underground water, which has become one of the main sources of pure water after the pollution of the rivers. The example of this is the Tomsk region, where the share of underground waters in the total drinking and industrial water consumption is 90-92%, and prognosticated resources reach 61.4 million m3/day. One can just regret that underground waters are being rather intensively polluted.

High standards of quality for drinking water and gradually increasing man-caused pollution of both superficial and underground water sources requires brand new technologies of water treatment allowing to increase the quality of water purification and to avoid additional pollution of water due to adding chemical reagents. Among the present-day water treatment technologies especially interesting are the methods of simultaneous influence of several factors on the processed water, such as ultra-violet radiation and ecologically clean oxidizers (ozone, hydrogen peroxide, etc.). During this multi-factor processing the total efficiency of treatment turns out to be more than the influence of each factor separately, i.e. a synergetic effect is observed. The multi-factor processing of water can be successfully carried out with the help of an electrical discharge.

Most part of the above-mentioned impulse perturbations in the environment accompanying plasma channel development possesses disinfecting and purifying effect. It has been established that in the transparent water the basic disinfecting factor is ultraviolet radiation. Its share amounts to 90 per cent from the common bactericidal effect. Under the action of ultraviolet radiation and ozone in the water drops the following phenomena occur: the oxidation of organic substances to an intermediate fraction and CO2, the oxidation of the iron solved and hydrogen sulfide and killing the bacteria.

However, detailed analysis of the results of using an electrical spark discharge in water for its cleaning and disinfection is shown so that in the case of the spark discharge all the energy is introduced into one or several discharge channels, which form in the gap between electrodes placed in water. The amplitude of a voltage pulse is usually from several tens up to several hundreds of kilovolts, and the pulse duration is tens of microseconds. Electric discharge in water proceeds in form of several channels only at very high strength of electric field E>105 V/cm and at duration of a voltage pulse less than 10-7 s. However, the reduction of pulse duration results in the rapid growth of the breakdown voltage. Low specific resistance of water, which is usually less than 104 Ohm(cm, creates a problem of large energy losses causing the increase of power consumption. The shock waves formed during the discharge in water reduce the lifetime of the device’s elements. Therefore the spark discharge in water, apparently, will not find a wide application in water treatment technologies. Today the research tend to the creation of incomplete forms of the discharge in water-air medium-corona, volume or quasi-volume discharge.

A. Processing Water-Air Mixture (Aerosol) with Pulse Barrier Discharge
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In the case of an electric discharge technology of water purification using pulsed barrier discharge in water-air mixture the discharge current is limited by the capacity of a dielectric barrier that allows providing quasi-uniform distribution of current in whole inter electrode area. However, steady existence of such a discharge in the “water-air” system becomes possible only using high-voltage pulses with duration from tens to hundreds of nanoseconds. Transition to short pulses complicates the design of a power supply, but there are also positive moments.

Since the discharge in water-air mixture occurs in gas and on the borders of gas and water, the use of a very high voltage is not necessary, despite the need for nanosecond pulse duration to form the discharge.
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As it is known reducing the pulse duration causes the growth of electron density in the discharge area, and this results in the increase of ozone production efficiency. Besides there are data showing that a shorter pulse duration helps to reduce the amount of harmful substances, e.g., nitrogen oxides formed in the discharge[65,66].

A view of the electrode system used in water treatment systems “Impulse” is shown in Fig. 7.21. The electrodes are designed as metal rods with a diameter of 2.0 mm, placed inside the dielectric tubes. The distance between the axes of opposite polarity electrodes is 6-8 mm, the amplitude of voltage pulses is 25-30 kV, duration of current pulses at half-amplitude is (100-300)(10-9 s. Pressure and temperature of air in the chamber where the electrodes are placed correspond to normal conditions.

Fig. 7.22 gives comparative data on energy expenses of ozone production for the ozonisers working in air (curve 1), oxygen (curve 2), and system “Impulse” developed at the High Voltage Research Institute (curve 3). The data were received as results of joint research with Japanese company Shinko Pantec. It is clear that the system “Impulse” has high efficiency of ozone generation practically in whole investigated range of productivity. Ozone production does not depend on the humidity of the mixture.

B. Water Treatment System “Impulse”

The considered method of water processing is used in water treatment system “Impulse” for underground water purification. The scheme of the system is shown 

in Fig. 7.23.
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The basic part of the system consists of an aerator with a block of electric discharge processing water combined into a single tower. The aerator is designed as an anti-flow ventilation tower. Ejector E1 sprays the input water; the water droplets flow down from the upper part of the tower through the loading of the aerator. The ejector E1 also works as the first stage of aeration. Air is fed by the fan bottom-up, contrariwise to the flow of water. For better mixing water and air the aerator is filled with polyethylene prisms.

The system works in the following way. Input water is fed into the tower, where it is sprayed with the ejector. Then the droplets of water flow down through the loading of the aerator. The system of aeration oxidizes easily all oxidisable admixtures by air oxygen and purifies water from organoleptic impurities. Since the aerator and electric discharge block are designed as a single unit, the water-air shower freely flows to the electric discharge block. The ozone concentration in the discharge area is maintained in a range of 1.5-2.0 g/m3. The electric discharge unit allows one to obtain deeper catalytic oxidation of the remaining impurities and their conversion into forms that can be easily removed with filtration. Moreover, the iron, oxidized in the aerator is activated when passing through the electrode system, and it becomes a highly effective adsorbent, which adsorbs various pollutants, that are further removed by the system of filtration together with iron oxides. The water processed with technology can be easily clarified using mechanical filters with granulator loading, for example quartz sand.

One or several towers are mounted on a reactor tank forming a module for water treatment. The reactor tank is provided with an additional ejector (E2), which plays a role of the final ozonising step. The volume of the reactor tank is selected from the criteria, that water processed with ozone should stay in the tank at least 12 minutes. Today the most powerful module has a productivity of 120 m3/hour.

At present we have conducted a lot of experiments with various pollutants. The system for cleaning water from such contaminants as iron, manganese, phenol, which are typical of underground water in Siberia, was investigated.

The investigated water can be divided into 2 types. The first type is hydro-carbonate water, containing from 300 mg/l up to 500 mg/l of hydro-carbonates. This water contains up to 18 mg/l of iron, about 0.5 mg/l of manganese and salts of hardness up to 3 mole/m3. 

Table 7.5 shows average results of chemical analysis for underground water before and after processing in the system “Impulse”. Energy expenses of the electric discharge processing were 50 Wt/m3. The results presented in Table 7.5 show that the electric discharge processing of hydro-carbonate water results in the decrease of concentration of impurities specified in Table to standard values and lower. Ozone and UV-radiation considerably improve microbiological parameters of water as well. 

Table 7.5

Results of Water Purification with the System “Impulse”

Registered

Parameters
pH
Fe total

Mg/l
Mn2+

Mg/l
Oxidability

Mg/l
Phenol

Mg/l
Color
Turbidity

Input 

water
6.0-6.7
5.0-12.0
0.45-1.2
1.5-6.0
0.0012
40-800
4.5

Output water
6.9-7.4
0.05-0.25
0.05-0.1
1.0-2.5
0.0008
100
0.5

More serious problem for purification is water containing impurities in form of organometallic complexes. This water practically can be clarified and filtered; it has high coloration and the concentration of organic substances exceeding 5 mg/l/

The experiments on processing the water with high concentration of organic compounds with the system “Impulse” at Russian Far East have shown that increasing the specific energy expenses up to 100-150 Wt/m3 allows one to reduce the concentration of iron in organometallic complexes from 1.0 to less than 0.05 mg/l. The oxidability of water was reduced from 14 to 0.32 mgO2/l, and the coloration decreased from 134 to 20 degrees, pH of the processed water was also low as 6.5.

Transition from traditional ozonisers to the devices processing water-air mixture is directly connected with the transition to the pulse power supply of ozonisers. It allows one to decrease substantially the lacks typical of the traditional electropulse water treatment with spark discharge, and traditional ozone technologies. This combines the influence of ultraviolet radiation, ozone, pulse electrical field, and various active particles (atomic oxygen, OH-radical), and it is more effective, since the reaction ability of atomic oxygen is many times higher than that of ozone, and OH-radical is one of the most active particles. If created in sufficient amount these particles as a result of subsequent transformations are capable to decompose any organic substance to complete minerallisation (CO2 and H2O) or to the forms that further can be easily decomposed. It is also possible to oxidize the salts of heavy metals to the highest forms of oxides, which can be easily removed by filtration.

The results received for the water treatment system “Impulse” after processing water of various contents show high efficiency of water purification. In case of underground water, containing ions of metals in hydro-carbonate form, it is possible to provide the quality of water meeting all quality standards. If processing the water with high concentration of organic compounds, containing organometallic forms of impurities, we could also achieve god results increasing energy expenses for water processing. It is important that after decomposition of organic compounds toxic products of their decomposition do not appear. The technology is being constantly improved that speaks to the large prospects of this approach.

7.2.2. Electrohydraulic Material Processing
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As Fig. 7.6 indicates, the technologies described in Sections 7.2.1.1-7.2.1.4. are based on the use of the energy of discharge expanding channel in solid, which undergoes treatment (or destruction). Since, penetration  of discharge channel into the body of solid is probability process, the defined portion of discharge channels develops in surrounding liquid (it is mostly ordinary top water) or on the boundary solid of liquid flashover. At that, the waves form in liquid (electrohydraulic effect). They influence on solid causing destruction.

[image: image24.png]


As far back as in the fifties in the USSR it was suggested to use electric discharge in liquid for a series of technological operations, [9]. Particularly, the corresponding experiments demonstrated availability of electrohydraulic effect for: a) crushing and fine grinding of brittle solids mineral resources, glass and zirconium dioxide, etc.); b) castings rectification from mold sand ; c) beading; d) for forming (stamping, part blank cutting, part rotation reduction, etc.).

7.2.2.1. Electohydraulic Effect (EHE). Basic Physics 

EHE is the occurrence of high pressure in liquid as the result of high-voltage electric discharge between electrodes submerged into the liquid. Due to energy of wave extending from expanding   channel the pressure up to 

300 MN/m2 occurs in liquid, Fig. 7.24. Point of time when discharge channel jumps electrodes and in it intensive energy liberation stored in capacitor starts is defined as zero on time axis. This stage is characterized by a short-time period and rapid change of channel parameters as in case of discharge channel forming in solid. Its resistance decreases by some orders and current increases by some orders correspondingly. In channels current density reaches and even exceeds 106 A/cm2. In channel plasma temperature reaches 150-20 thousands of Kelvin. 

Intensive plasma heating by discharge current results in pressure increases in channel and its expansion. During rapid channel expansion (speed increase of channel diameter is 106 cm./sec) a shock wave occurs in adjoining liquid. It propagates from discharge channel as compression zone with very a steep front. The shock wave front separates later from the channel wall, as the speed of wave propagation in liquid is a lot more than the speed of discharge channel expansion.

Pressure, density and other parameters, characterizing medium, change by leaps and bounds when the shock wave reaches the medium point. As the wave front moves away from channel the speed of its propagation approaches to audio speed and the pressure on the wave front drops as a result of energy dissipation. 

In channel the vapor forms due to the conversion of cooling down plasma into vapor and evaporation of a liquid part from layers surrounding the discharge channel. The discharge channel transforms into gas-vapor cavity. As the cavity expands, the pressure decreases in it and it becomes less than a hydrostatic one. By this, water layers surrounding the gas cavity proceed with motion mechanically. Having reached the maximum size the cavity starts compression. Such cycles “expansion-compression” can be several. 

In most cases while, materials are treated, the energy of shock wave inducing in discharge gap during the first half-cycle of current fluctuations is of great importance. Therefore, operating mode of electrohydraulic installation is specified so that the most part of the energy stored in capacitor would be induced in discharge gap during the first half-cycle of current fluctuations. 

In a series of technologies the primary plasma channel forms not due to electrical breakdown but due to conductor electrical explosion. By this, the right shape of channel is achieved and additional capabilities to adjust with energy-release regime in operating chamber are secured. 

The process flowsheet of brittle solids crushing and fine grinding according to electrochydraulic technology is not essentially distinguished from the same when realizing electropulse technology (see Section 7.2.1.1).

7.2.2.2.Rectification of  Molding from  Sand  and Heat Exchanger

            Tubes from Internal Surfaces Deposits.

   
 Molding rectification from mold earth  (sand) is fulfilled in tank with water and excludes completely dust generation. The duration of work cycle is a function of many factors: configuration, dimension and molding material, energy content of pulses source, energy-release regimes, etc. The application of multielectrode three-phase installations permits to refine at once several moldings being in random position with respect to electrodes. 

     
Electrohydraulic method for cleaning of heat-exchanger tubes from deposits is applicable also, [61]. During the cleaning the boiler was placed horizontally. Water was fed to the cleaning tube from one end, the electrode fixed on the end of the flexible cable was fed from another end. Electric discharges initiated at the high voltage electrode formed the shock wave which produced the cleaning of tube walls from deposits. Demolished deposits move away by water flow. High voltage electrode designed thereby that channel of discharge always makes short circuit to ground connected electrode. One excludes the electrical erosion occurrence on the tube walls, which is not only mechanically destroys tube, but also promotes appearance deposition. Created installation is executed in the manner of small-dimensioned racks uniting in itself charge, discharge, protection blocks and the control blocs. Installation has following parameters a weight of 50 kg, power of 3 kW, repetition rate of pulses of 3-5 p/sec. and allows one to delete effectively practically any types of deposition. 

7.2.2.3. Beading of Pipes
     Electrohydraulic  technology can be effectively used at the repair heat exchanger devices when changing the unserviceable tubes, and pressing  (beading) new in tube slabs.

When removing the tubes, various defects are formed on the surface of walls in tube plate: longitudinal hairlines, dints, increased ovality of holes, etc. Elimination of theses defects by reboring the holes is not acceptable since the gap between the tube and the wall of the hole is increased. Mechanical beading does not produce quality pressing, that is why the hole in tube slab is simply baffled.

There is the task to search of possibilities to obtain high-quality connections at multi-pulse action without any special carriers, that means stochastic distribution of the discharge channel over the operation area.

One of scheme for electrohydraulic   beading of pipes is shown in Fig 7.25., [61].

The brass tube had external diameter of 19 mm, thickness of wall of 1 mm. Pulse generator was used in work with level of voltage of 30 kV pulse, energy of 1600 J, inductance of discharge sidebar of 5 (H. At pressing tubes in tube slabs the heater exchanger was located in horizontal location. [image: image25.png]Electrode
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 Electrode system consists of a potential electrode isolated with a polyethylene tube. Around this electrode 1 steel rod grounded electrodes are mounted. In this experiments the brass tube was placed inside the tube slabs in such a way, that its end projected from the edge of tube slab by 10-12 mm. The opposite end of the brass tube was connected with a rubber hose, which was used to constantly feed water. The junction between the tubes was sealed 5 to avoid penetration of water into the gap. The end of the potential electrode in all experiments was placed at the distance of 30 mm from the outer edge of the steel tube.

During the work increasing of brass tube diameters d1 (outer) and d2 (inner) was registered, which allowed one to make indirect estimation of beading quality. Testifying pressure the obtained join gives a positive result. 

The installations are produced by Institute  of Impulse Processes and Technologies at NASU (s. Nikolaev) afford the such typical technological characteristics and possibilities:

- the strength of pipe junction obtained with electrochydraulic technology raises the

   strength of rolling junctions by a factor of 20-30%; 

- the density of junction is 150 atm;

            - the effort of tube extraction from pipe plate of 50-mm thickness reached 1500 kg;

            - junction density reached 200 atm.

At that, pressing in pipes of different diameters is possible including pipes of small diameters produced from high-strength, heavily-deformed material. 

The comparison of some characteristics of beading by traditional mechanical method and hydraulic discharge in liquids is shown in Table 7.6.
Table 7.6

The Comparison of Some Characteristics of Beading by Traditional Mechanical Method and Hydraulic Discharge in Liquids

Beading Method
Output, 

Pipe Ends Quantity per a hour
Energy Consumption per one Pipe End, 

kW(hour 
Beading Rate of one Pipe End, 

Conventional Unit

mechanical
20
0.06
8

electrochydraulic
630
0.002
2.8

Electrochydraulic pressing in was carried out under the voltage of 30 kV on electrodes, capacitor value of 9,5 (F.
7.2.2.4. Forming

Forming is the process of obtaining profile articles from sheet material. 

According to process flow sheet the forming with the application of electrical discharge in liquids is allied to electric explosive stamping and differs from it by the source of energy supplied and by packaging installation. Application of electric discharge in liquids for details stamping from low-plastic alloys (titanium, magnesium, beryllium) is especially highly effective. 

To obtain articles with different shapes it is necessary to produce impact waves with optimal, for the given case, parameters. They can be of spherical or cylindrical shapes, with steep or flat front, etc. 

Technological installations for forming, for example, for stamping according to embodiment can be divided into two basic groups: installations in which the deformation of half-finished products is carried out by direct action of workspace-liquid on it, Fig. 7.26(a);

-installations in which the deformation of half-finished products is carried out by intermediate –rigid (metal –Fig. 7.26(b)) or elastic (rubber-Fig. 7.26(c)).

It is possible in both types of installations to use two or more pairs of electrodes simultaneously operating. Electrodes can be disposed above the center or along the outline of the half-finished product according to the configuration and dimensions of the stamped part.

The installations of the first type are used to stamp parts from flat, conic and cylindrical half-finished products. The air in the cavity between matrix and half-finished products has to be removed. 

The installations of the second type are intended for stamping small parts, coining, slotting, pressing-out and operations similar to them. Rubber diaphragm, metallic puncheon or stamp can be used as task tool. By this, there is required tight adjacency of half-finished product to task tool at the initial moment of every motion, before every pulse.

The typical parameters of installations for small parts stamping are: 

- voltage of bank of capacitors is 4 kV; 

- capacitance is 1200 (F, 

- discharge duration is 40 (sec., 

· power is 4, 6 MW. 

By this, the pressure developed by the wave accounts to 50-60 kg/mm2
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7.2.2.5. Extraction of Substances from Vegetative Raw Materials
In the mentioned above ranges of application of electric pulse technology the basic effecting factor is the shock wave generated by the channel of the discharge. Other processes tracking an electric spark in a condensed medium will not be utilized. The applying of electric discharge in suspensions of vegetative raw material with the purpose of extraction of useful matters, allows one to attract practically all factors tracking a spark: currents running before the discharge, cavity phenomena, pulsation SGV. The basic advantage of electric pulse extraction of water-soluble matters from vegetative raw material is encompassed more complete extraction of builders and considerable (in 40(50 times) acceleration of process as contrasted to percolation by technologies, [68]. Most effectively this technology is expedient for utilizing for extraction of vegetative protein from soybean raw material, vitamin zed complex from a fir twig, pectin from an apple pulp etc.

The examinations of electric pulse extraction have shown that the oxidation-reduction responses in displacement volume operate on antioxidants. Therefore usage of such expedient for extraction of medicinal matters requires padding analysis. The availability of the fissile shapes of oxygenic and peroxides in water, handled by electric discharges, can be utilized for decontamination of water or for decomposition of phenols in major concentrations.

7.2.3. Electrical Explosive Technology of Nanopowders  Production

7.2.3.1. Electrophysical Foundations

Intensive research in the area of production studying and application of nanopowders (NP) are conducted in many developed countries. Much interest to this research is attracted by the fact that NP are widely utilized to produce ceramics and composite materials, superconductors, solar batteries, filters, getters, lubricant additives, coloring and magnetic pigments, components of high-temperature solder alloys etc. Fundamental and applied research conducted in this direction increases rapidly the sphere of NP application. Many of these applications have already been realized, but the largest part still remains unexplored. The main achievements and especially perspectives of NP utilization are the results of elaborating technologies of producing powders with “special” properties such as

-extremely low sintering temperatures (see Table 7.8)

-high chemical activity

-presence of excessive (stored) energy.

Some of their parameters are connected only with a small size of particles; other properties are caused by structure-energy characteristics. Changes in fundamental properties of traditional materials in the nanodispersed state open large possibilities for the creation of completely mew materials and technologies, brand new devices and equipment.

Many companies in the USA, Russia, Germany, Japan, France are currently involved in elaborating technologies of NP production, studying the properties of NP and looking for possible applications.

NP with “special” properties are produced basically with the method of evaporation and condensation at rapid cooling. Evaporation of metals is carried out with various methods: in plasma jet, by passing current, with laser or electron beam etc. Still the super-rapid cooling is an essential condition.

During the last several years the electrical explosive technology is becoming more and more widespread. This is caused by a number of principal advantages of pulsed processes.

· The pulsed mode provides bigger density of the introduced energy with a necessary dosage, and this dosage can be made with high precision.

· Energy liberation in the pulsed mode is more efficient.

· High rates of changing the system thermodynamic parameters (high gradients) at which cinematic laws significantly increasing the possibilities of the technologies start to work. It becomes possible to influence accurately on the structure of substances, and to form particles with a completely original architecture.

The lacks of the pulsed processes are

· Insufficient reliability of the equipment

· High complexity of control systems in technological processes

· Low productivity. Though a single pulse id highly productive, an average productivity is still low.

The High Voltage Research Institute at Tomsk Polytechnic University has elaborated a technology of NP production with electrical explosion of wires. This method was used to design a technological process of producing NP with controllable properties, ant to elaborate all the necessary equipment[69-71]. Now the properties of powders are studied and perspective applications are searched. Five small-size enterprises applying the technology and equipment have been created and now successfully operate in various regions of Russia and abroad. Several installations have been sold to the USA, China, and Estonia.

Wire electric explosion (WEE) is a phenomenon of explosive destruction of a metallic wire when putting high density current (more than 1010 A/m2) through the wire. The phenomenon is accompanied with a strong flash of light, sharp sound, shock wave, spreading in the medium surrounding the wire. The products of demolition are pairs and finest particles of metal, which under some conditions may react with the surrounding environment, making various chemical substances. Depending on the gas, surrounding the wire it is possible to produce the powders of metals, alloys, powders of chemical compounds and composite materials.
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WEE can be the most easily obtained in the LC-circuit shown in Fig. 7.27(a). The storage capacitor C is charged from the power source to the voltage U0 and then discharges to the exploding wire (WE) through a spark gap (GAP). 

The main information about the explosion process is obtained from the waveforms of voltage and current, Fig. 7.27(b). Their analysis allows one to distinguish different stages of WEE. When closing the circuit, with the discharge gap (GAP), the current is initially determined by the circuit’s wave resistance because the resistance of the wire itself is small. While consuming the energy, the wire is heated up, melted (slight step on the voltage waveform) and further heated in liquid state until the moment t1. From this moment the wire starts intense volume expansion, looses its metallic conductivity, its resistance rapidly grows by several orders, and the current in the circuit falls and the voltage across the wire rapidly grows. At the moment t2 the current in the circuit stops and a pause occurs. The residual voltage of the capacitor during the pause is applied to the products of explosion that are expanding and their density falls in time. At the moment t3 the breakdown of the explosion products occurs and arc stage (secondary discharge) starts to develop. If the residual voltage across the capacitor is small or zero, the arc stage does not start. Depending on the explosion conditions, the period of the current pause may not occur and the breakdown starts at the moment t2 or sooner.

Fig. 7.28 shows several most typical oscillograms of current in the unloaded circuit with WEE in the first half-period of the discharge current. The presented oscillograms show that wire electric explosion can have various forms. The energy stored in the capacitor may be released not only in the wire explosion; it can be introduced to the arc discharge accompanying the explosion. The arc can exist both in the expanding products of the explosion and in the medium surrounding the wire. Depending on the character of energy release, there can be several variants how the explosion products interact with the surrounding medium.

-The energy is liberated only in the wire (Fig. 7.28 (a))

-A part of the energy is liberated in the wire and the remaining part is released in arc discharge burning in the gas medium, surrounding the wire (Fig. 7.28 (b)) or in the arc discharge burning in the expanding products of the explosion heating both the explosion products and the gas medium (Fig. 7.28(c)).

[image: image28.wmf]The most preferable mode for the production of the powders of pure metals is the first one.

Absence of wire electric explosion theory does not allow one to select the parameters of the circuit, exploding wires and outer medium, in order to provide the explosion parameters necessary to obtain a powder with given properties. A number of researchers overcome this difficulty developing a criteria approach to the quantitative description of this phenomenon. This approach is based on the similarity theory and the theory of dimensions.

The scheme of the installation for producing NP is shown in Fig. 7.29. and main its parameters are shown in Table 7.7.


The photographic view of the installation is shown in Fig. 7.30


In Table 7.7 are shown some parameters of plant.

Table 7.7.

Parameters of the Plant

Parameters 
Metals


Al
Cu
W

Productivity, gr/h
50
100
80

Energy 

consumption, kW-hour/kg
10

2.0

Mass of installation – 700 kg

Site of installation –10m2

7.2.3.2. NP Properties
The particles of the powders, obtained with WEE method have spherical form, the size of particles lies within the interval of 10-500 nm, the specific surface is 2-50 m2/g. Size distribution of particles is normal logarithmic. The average size of particles can be easily established according to the dependence

(=0.3(10-6 (e/es)-3, m,

where es- sublimation energy of an exploding material, J/g; e- density of energy liberated in the wire.

Phase composition of particles obtained with the electric discharge in the inert gases is non-uniform. Besides the crystalline phase, a significant part of metal exists in the X-ray amorphous (nanocrystalline ) state. A distinctive feature of the process is the formation of the polymorphous phases (everything, that can be formed, is formed). The relation of these phases also depends on the WEE parameters and on the properties of the gas medium. The powders of Fe with content of (-phase up to 80%, the powders of W with the content of 

(-phase up to 60% and the powders of Al with the content of the X-ray amorphous metal up to 50% have been obtained. When exploding alloys, single particles keep the same composition.

The architecture of the particles obtained with the method of wire electric explosion is quite complicated. The particles are composed of structural fragments with the size in the interval of 3-50 nm. These fragments are structurally organized according to the principle of crystal lattice filling with the formation of small-angle boundaries. In the volume of the particles cavities and gas inclusions are present. A significant part of the particles has non-uniform distribution of density over the volume of a particle. There can be found the particles with the hollow or dense center.

Since the isolated active particles with exited electron and crystal subsystems cannot exist, they integrate to ensembles. The feature of these ensembles is self-orientation along the crystallographic direction perpendicular to plain (111). These ensembles form a volume “fractal”, the size of which can reach 10 (m.

In some modes of explosion a meta-stable state forms, which contains some excessive energy that is equal to the heat of melting or even more than one. When heating the powder in vacuum to the “threshold” temperature (200-500)0C the excessive energy is liberated as heat and radiation, and the substance turns to the stable state with very high chemical activity at the moment of this transition. A result of this “meta-stable” state is a process of coagulation of single component metallic powders in extraordinary mode-on the front of self-expanding heat wave.

Not carrying out a detailed analysis of the NP the following properties that distinguish the electric explosion powders from all the other are given.

-Very low sintering temperature. The “Tomsk” powder of silver is coagulated at the temperature of about 100 C, Table 7.7.

-Stability of electrophysical properties in low temperature range.

-High chemical activity. When reaching the threshold temperature (200-500)0 C the chemical activity rises by many times.

-Abnormally high value of electromagnetic radiation absorption factor in a wide frequency range.

-Presence of excessive (stored) energy.

Table 7.8.

Some Characteristics of Electrical Explosive NP

Initial

Metal
Phase

Composition of UFP
Medium Size of Particles, (m
Initial Melting

Temperature of UFP, C
Melting Temperature of the Initial Metal, C

aluminum
AL
0.08
320
660

nickel
Ni
0.10
600
1453

tungsten
(-W+(W
0.09
650
3400

silver
Ag
0.11
60
960

    Summing up shortly of the consideration of pulsed power civil applications (high voltage impulse technologies) it should be noted that they have a lot of advantages in comparison with traditional  (conventional) technologies.
Depending on the specific application of high voltage impulses the main advantages are following.
1. For granulating and demolishing this is selectivity, which allows to reduce the specific energy consumption and to keep natural shape of crystals extracting from ore( for example, precious stone).
2. For fragmentation of multi component articles and building constructions this is possibility of total reutilization of wastes.
3. For wells drilling these are: a) very high speed of drilling, which is about 10 times higher that by traditional one and b) possibility to drill wells or holes of almost any shape.
4. For electro-hydraulic technology these are: a) the simplicity of technological installations and implementation of technological processes.
5. For electro-explosive technology of nano-powder production these are: a)unique the products properties and b)high productivity as compared with other methods.
There are very important advantages common for all these technologies: a)the possibility to refuse expensive materials for manufacture of working tools, and b)high efficiency energy and material consumption.
Unfortunately, these new technologies possess some disadvantages which are reasons for their small scale acceptance.
Firstly, the main parts of high-voltage impulse generators which are “heart” of technological installations are short-term and unreliable.
Secondly, high voltage and noise levels and problems of electromagnetic compatibility make the installations complicated.
Finally, high voltage is negative psychological factor.
In conclusion it is necessary to say that these and some other difficulties and problems, which we met on the way of wide application, set us –elaborators of these new technologies –on our feet.
Nevertheless, author this textbook sure that these technologies have great perspectives.    
CONCLUSION

      It seems, that very fast progress in all spheres of life not only have decreased the quantity of problems standing in front of humanity, but, moreover have increased them, have given rise the new and new one. Mastering the most convenient kind of energy- electricity- have made our life more comfortable, have increased many times the labour productivity, have removed a lot of difficulties in the everyday life. But, simultaneously it have given rise 

the series of new problems.

     Two of them today and in perspective are more serious. These are the exhaustion of non-renewable power generating resources, which is leading to "hunger for energy" and destruction (violation) of ecological system stability. The latter threatens to convert our planet into place unfitted for life. Journalists named this threat "ecological infarct".

    In textbook is shown on the base of actual quantitative data that both problems just now are influencing on the side of public life: politics, life standard, health of people, technology etc.

    Energetic crisises, the most part of international conflicts, weather-climate catastrophes remind more and more often  about existence of these problems.

    Scientists and experts have to find the effective methods of  these problems solutions transformation them into global catastrophe.

    There are not so many these methods (ways).

    1.Increase of efficiency of non-renewable power generating resources. It means energy sawing  behaviour of the energy producers (suppliers) and energy consumers, which includes:

   -application of energy saving technologies of energy production, transmission, destribution and consumption;

  -energy saving behaviour of people in everyday life, including corresponding correction of way of life.

    2.Radical enlargement of the scale of renewable energy sources use.

    3.Search for and mastering of new (unconventional) methods of electric and thermal energy production.

   4.Realization of measures for environment protection from any kind of pollution.

      Present and, especially, next generations of scientists and experts have to be ready for the meeting with these threats, for realization of measures for their removal or, at least, for their decrease. 
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Fig. 7.6. Schemes of the solid destruction in liquid. 1. High-voltage electrode. 2. Grounded electrode. 3. Solid. 4. Discharge channel


demolition, b) spalling,


concrete with reinforcement destruction, 


d) boring.





Fig. 7.8. Dynamic breakdown of liquid, solid and gaseous dielectrics as a function of the voltage time rise





Fig. 7.10.The plant (installation) with productivity of 100kg/h





Fig. 7.12. Three-stage installation. 1- frame, 2- base, 3- water input, 4- partition, 5- cross arm, 6- clamp, 7- high-voltage electrode, 8- ground electrode, 9- classifier electrode, 10- support, 11- classifier, 12- unloading valve, 13- sink socket, 14- tube from hydraulic pump.





Fig. 7.11. Complete setup of an industrial demonstration facility for metal recycling with screen box and sound insulation.





Fig. 7.13. Elements of electric lamp after destruction by electric discharge.
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Fig. 7.14. Details of the LN2 discharge vessel of FRANKA 3.





Fig. 7.9. Mechanisms by which components can be separated in a composite material.





Fig. 7.15. a) Reinforcement bar after the destruction of staircase.


b) Reinforced concrete balcony slab after demolition.
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b)





Fig. 7.16. Installation for concrete demolition.





Fig. 7.17. Installation for demolishing 6.3 x 3.2 x 0.3 m slab reinforced concrete constructions.
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Fig. 7.18. Technological scheme of electropulsed drilling installation


1- conductor; 2- drill crown; 3- drill rods; 4- high voltage input; 5- tank with flushing-out liquid; 6- pulses sources; 7- current input; 8- sludge catcher; 9- pump; 10- hydrocyclone.





Fig. 7.19. Drilling head (crown) (a) and the consequence of the breakdown and the bottom hole destruction with the multielectrode rock destruction crown (b).
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Fig. 7.20. View EP-bore for drilling wells with water washing.
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Fig. 7.21. System of ozoniser electrodes





Fig. 7.22. Comparative data for various types of ozonisers: 1-ozoniser working in air; 2-PSA (pressure swing adorption) ozoniser working in oxygen; 3-osoniser working in water-air medium





Fig. 7.23. Water treatment system “Impulse”
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Fig. 7.25 b) Time variation of voltage U, current I, power P, discharge channel resistance R.





Fig. 7.24 a) Schematic circuit of the installation for EHE design and usage.
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Fig. 7.25. Electrode system for pressing tubes


1- high voltage electrode; 2- grounded rods; 3- brass tube; 4- tube slabs; 5- hermetic.





Fig. 7.26. Installation for forming


by liquid direct action: 1,5- electrodes; 2,3- demountable matrix; 4- jet for fluid supply; 6- half-finished product


by intermediate rigid element with metal:1- tank with water; 2,6- demountable matrix; 3- electrodes; 4- metallic puncheon (stamp); 5- article


with elastic intermediate element with rubber:1- electrodes; 2- demountable matrix; 3- rubber; 4- part.





Fig. 7.27. LC-circuit for wire electric explosion.





Fig. 7.28. Most typical oscillograms of current in the unloaded circuit with WEE.





Fig. 7.29.The Scheme of installation


high voltage source;


capacity storage; 


mechanism of wire supply; 4- wire;


commutator; 


apparatus to gather powder; 7- reactor;


8- system for gas supply.





Fig. 7.30. Installation for producing NP.
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