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Abstract

The paper is continuation of an article published in the proceedings of the conference "Water Jet 2011 - Research, Development, Applications”. By 1990, the work is briefly described in the article (Vašek 2011).

The follow-up work carried out in the period 1990 - 2006 is the subject of this article. The paper gives a brief overview of the author's participation at the World Mining Congress in Beijing (1990), a collaboration with CNR Canada, CNR Cagliari (Italy), the organization of international conferences GEOMECHNICS 91, 93 and 96. The cooperation with University of Missouri Rola (hereinafter UMR) USA, Cornerstone Technologies and Pennsylvania Micronics, cooperation within the project EU-Inco Copernicus (1995 - 1999) and the project of Grant Agency of the Academy of Sciences of the Czech Republic (hereinafter GAAV) "Mechanical breakages and disintegration processes of coal and rock - theoretical aspects, applications, outlook” (2001-2006) are also presented.

Introduction

Research of the water jet in the Czech Republic, was launched in 1980 in cooperation between VVUÚ Radvanice and then Institute of Geology and Geotechnics, Academy of Sciences Ostrava (thereinafter IGG).
A follow-up article is devoted to research water jet in UGN ASCR in the following more than fifteen-year period starting in 1990. Be added that the research period after 1990 is associated with the unprecedented development of international cooperation, particularly in the Western world, thanks to the Velvet Revolution occurred on 17 November 1989.
The development of contacts with foreign organizations

World Mining Congress, Beijing 1990
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Fig. 1. 14th World Mining Congress. Beiging, China, 1990
In 1990, the author attended the 14th World Mining Congress in Beijing. Organizing Congress was entrusted China (Fig. 1) with coal mining in excess of 1990 one billion tons per year. The negotiations were conducted under the slogan "Mine for the future - trends". Of the 31 countries were selected for presentation 135 posts. To the problems of hydro-extraction were included in two articles. Author presented the contribution to the use of high-pressure water jets for cutting coal and rock (Vašek 1990).

Negotiations World Mining Congress showed, among other things, that mining is a widely used computer technology, especially for stamping process monitoring, transport and environmental protection. The Congress was an exhibition of mining equipment, which was attended by 400 companies from 21 countries.

The author was invited representatives of Congress to visit the Central Coal Mining Research Institute in Beijing. Head of the institute allow inspection of laboratory Rock properties, Isolating instruments, Freezing and Processing center with computer FY 4000 CDS Computer Vision (RAM 16 MB HD, 1.5GB rate of 1.3 MHz. Price in 1985 - 800.000 USD). The Congress enabled to establish contacts with many institutions and experts.

International conferences “Geomechanics”.

To achieve direct cooperation with foreign countries was needed as soon as possible, to be among the top institutions and demonstrate the viability of Czech science. For this purpose, a team of laboratory participated in significant projects in the field of water jet. Labor sections “water jet cutting” was organized at international conferences GEMECHANICS 89, 91, 93, 96 (Fig. 2-4). In this sections presented the results of research not only experts Czech and Slovak institutions, but also important foreign guests (VIJAY, REMISZ - Canada, BLAINE, HUCK, GESKIN, KHAIR, KOVACEVIC, MAYURKIEWICZ, SUMMERS - USA, FOWEL, GILLAN, MARTIN, SMITH – GB,
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Fig. 2 Foreign participants on the Section Water Jet Cutting, Int. conference GEOMECHANICS 91, Hradec u Opava, 1991 from the left: Dr. Vijay (Canada), Dr. Bortolussi , Prof. Ciccu (Italy),

Prof. Louis (Germany), Prof. Summers (USA), Prof. Kobayashi (Japan), Dr. Fowell (GB), photo JV, 1991.

KOBAYASHI, KIYOHASHI, OGHA - Japan, AGUS, BORTLUSSI, CICC, MANCA, MASSACCI, VARGIU - Italy, BRANDT, DOLL, LOUIS, MEIER, MOMBER, OHLSEN, TEBBING - Germany, LUBARSKY, KATAGAROV, KOLOMIETS, KOUZMICH, PETERSEV, SIMONENKO, STUPAS, ZHABIN - Russia, DEBRECEN, MAJKA - Poland, MUKHERGI, SARKAR – India.
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Fig. 3. Section „Water Jet Cutting“, International Conference GEOMECHANICS 93, Rožnov pod Radhoštěm, 1993 (from left behind the presidential table: Prof. Louis, Dr. Fowell )
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Fig. 4. Section Water Jet Cutting participants , International Conference GEOMECHANICS 96, Hradec nad Moravicí, 1996 (Dr. Fowell, Prof. Louis, Miss Kobayashi, J. Vašek, Miss Kiyohashi, Prof. Kobayashi , Prof Kiyohashi, Miss Louis)

The idea to organize a scientific conference at the international the level the Head of the Research HOU in Ostrava, Czech Academy of Sciences and the main organizer of Geomechanics 89, 91, 93, 96, became Eng. Zikmund Rakowski, PhD. (Rakowski 1989, 1991, 1993, 1996). In the success of these conferences is also significantly contributed Anežka Dušek and Daria Novák (Fig. 5).
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Fig. 5. Along with main engineer of International conferences GEOMECHANICS 89, 91, 93, 

from left: Anežka DUŠEK, Min. Eng. Zikmund RAKOWSKI, Ph.D., Daria NOVÁK, photo JV, 1996
CNR Kanada

It's all about contact with Dr. Vijay Mohan, who wish to meet the author and secured a two-year internship Eng. Josef Foldyna, Ph.D. in CNR Canada (1993-1995). Dr. Vijay allowed to become familiar with the intensification of the effect of using pulsed water jet systems (Fig. 6, 7). The issue of pulsating jet Foldyna developed in his dissertation (Foldyna 1996) and remained faithful to her until today (vijay & foldyna 1994, foldyna et al. 2006).
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Fig. 6. Eng. J. Foldyna in laboratory of CNR Canada,Ottawa, photo JV 1993
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Fig. 7. Dr. Moha Vijay, photo JV 1993

CNR Cagliari (Italy)

At the invitation, the author visited and initiated contacts with the staff of the Politecnico di Torino, (Prof. Mauro Fornaro), Politecnico di Milano (Dr. Michele Mono), CNR Instituto Macchine Utensili (Dr. Eng. Luis Covelli), TECHNOCUT (Dr. Del Lago), Waterjet Italiana (Dipl. Eng. Salvatore Russo), Tosco Marmi (Renzo Lago), CNR Cagliari (Dr. Michele Agus, Dr. Bortolussi Agusto), UN Cagliari (Prof. Dr. Raimondo CICCU, Prof. Giogio Massaci, Prof. Pierpaolo Manca).

CNR workers and UN Cagliari expressed interest in cooperation with HOU CSAV in Ostrava. It was agreed that both parties draw up proposals on direct cooperation and request the higher authorities for the inclusion in the plan of bilateral cooperation.

In 1996 the direct two-way, three-year cooperation, extended several times, between CNR Cagliari and HOU Academy of Sciences (now ÚGN AS CR Ostrava) in the task 05/1 "Water jet Assisted Mechanical Breakage of Rocks and Coal (Hlaváč & Vašek 1996, Bortolussi et al. 1997, Ciccu et al. 2004). By using the techniques of both laboratories was able to provide solutions to problems of mechanical disintegration of rock cutting tools and chisels rolling along circular trajectories with and without assistance jets and study tool wear and tool cooling effect of the water jets. Joint efforts were crowned with the development of laboratory carousel (Fig. 8, 9).
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Fig. 8. Turret for water jet assisted rock circular trajectory disintegration process research, Cagliari, Italy, photo JV, 2003
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Fig. 9. Fellow workers. Cagliari, Italy, from left standing: N. Carredu, J. Vašek, R. Ciccu, C. Loddo, A. Bortolussi, kneeling: B. Grosso, W. Cuccu., photo JV, 2003

University of Missouri Rolla

In 1991, American Water Jet Conference was held in Houston, USA, in which the author participated actively (Vašek et al. 1991). After its completion, the visit to UMR, located in the state of Missouri was accepted. Prof. David Summers allowed to visit laboratories and to have contacts with Prof. Marian Mazurkiewicz, formerly a researcher at the University of Wroclaw.

Contacts were developed during a visit to Prof. Mazurkiewicz in HOU CSAV Ostrava. Project proposal for US-Czechoslovak Science and Technology Program was prepared. Project No. 95005 Alternative Fuel Development was adopted and in the period 1996 -1999 solved. The project was focused on reducing carbon three systems of high-pressure water jets (jet target coal disintegration, opposite jet disintegration coal, coal colliding jet disintegration). Project enabled the journey to the USA (Vasek, Foldyna, Sitek).

Responsibility for funding the project (1million CZK and 30.000 USD) has been entrusted to Czech researcher. Each year, the author presented the agency in Prague annual report with a detailed breakdown of funding. After receipt and approval was obtained funding for the next year (Vašek & Mazurkiewicz 1999).
After finishing the project UMR sent an invitation to collaborate with form of two Short-Term Scholars “High-energy, High Turbulence Waterjet Ultra Fine Comminution” (1999, 2000). UMR laboratory was built for analysis of coal disintegration by high pressure water jet (Fig. 10-13).

Pennsylvania Micronics and Cornerstone Technologies, PA, USA

In 2000, Pennsylvania began work-related disintegration of materials water jet. The results were methodological procedures that verify the possibility of disintegration of coal which contributed to the decision to re-use anthracite coal deposits of Pennsylvania for the development of new fuels and new materials. It was decided to build a research and production institutions Cornerstone Technologies and Pennsylvania Micronics (Fig. 14, 15). The activities of these new organizations were, by the U.S. Department of Energy, placed in strategic research. Publishing the results of the solution was strictly forbidden.
[image: image10.jpg]



Fig. 10. Coal disintegration laboratory, UMR, photo JV, 2002
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Fig. 11. High pressure pump OMAX, max water pressure 400 MPa, water flow rate 2.4 l/min.
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Fig. 12. Author during research of coal disintegration, UMR Rolla, MO, USA, photo Mzurkiewicz 1999.
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Fig. 13. Prof. David Summers to charge the research results, on the right Prof. Mazurkiewicz – the head of the research project, photo JV 1999. 
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Fig. 14. Pennsylvania Micronics, Cornerstone technologies. Wilkes-Barre, PA, USA, 1999
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Fig. 15. Author before billboard

In 2002, the author was invited by these independent scientific institutions to the production of research material disintegration. He received the necessary laboratory and office equipment (high-pressure pump, nozzle, mills for disintegration of materials, a laser particle size analyzer from 20nm, a computer for processing and transferring data, samples of materials for the measurement and evaluation of coated areas for research results (Fig. 16, 17).
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Fig.16. Author in laboratory of Material Disintegration, Wilkes -Barre, PA, USA, 2002
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Fig.17. Space for the research results evaluation, Wilkes-Barre, PA. USA, photo Mazurkiewicz 2002
Work on the preparation and proceedings of international conferences

Water jet technology is gradually becoming of interest to both university and research institutes, but also social practice. Unprecedented interest in this technology triggered the need for coordination. Following the example of the American Water Jet Technology Association (hereinafter WJTA), St. Louis, MO, USA, steps were made to build the International Society of Water Jet Technology (ISWJT), Gloucester, Ontario, Canada. Contribute to the organization of international conferences, American Water jet Conferences in the Americas, Pacific Rim International Conferences on Water Jet Technology in the Pacific Rim, Water Jetting BHR Group Conferences on the European continent. The intention of the organizers of the "Water Jet Technology", organized within the framework of international conferences Geomechanics 89, and in 1991, 1993, 1996 was to contribute to the expansion of contacts between experts so-called "Eastern" and "Western" countries (Vašek, 1991, 1993, 2005). Author, as a member of the Board of Directors ISWJT (thereinafter BoD) was entrusted with drafting the publication of a quarterly newspaper. BoD accepted the proposal of zero numbers (August 1966) at a conference in Houston. Author prepared and the WJTA issued the newspapers for two quarterlies. Due to the lack of funds newspapers was suspend.

The author and laboratory research workers involved in the preparation and holding of international conferences. They published and presented the results of research in the field of rock cutting by high-pressure water jet and with and without assistance of the mechanical cutting picks (Vašek & Foldyna 1990, Vašek et al. 1991, Vašek et al. 1992, Vašek 1992, 1995, 1996, 2001, 2005, Vijay & Foldyna 1994, Martinec 1994, Hlaváč 1996, Hlaváč et. al. 1997, Vašek & Mazyurkiewicz 1997, Martinec & Škoda 1998, Hlavač et. al. 1999, Ciccu et al. 2004, Foldyna et al. 2005).
International cooperation in the framework of the EU project INCO-Copernicus program

EU project IC 15-CT98-0821 named “Abrasive Water Jet Cutting, a clean technology” (1999-2002) can be considered as a milestone of the 15 years of the research  of the water jet technology at the Institute of Geonics which was established as Scientific Coordinator of the working group “Abrasives”. International cooperation to other important laboratories, i.e. Institute für Werkstoffkunde Universität Hannover (Germany), Dipartimento di Geoingegneria e Tecnologie Ambientali Universita degli Studi di Cagliari (Italy), Dipartimento meccanica DMPM Politecnico di Milano (Italy), Instytut Obrobki Skrawaniem (Poland), Research & Design Institute for Fine Mechanics (Romania), Institute of Logistic and Production System, Bay Zoltan Foundation for Applied Research (Hungary), DACIA Synthetic Diamond Factory (Romania), Department of Mining Machines of Technical University Petrosani (Romania), Laboratory for Alternative Technology, University of Ljubljana Faculty of Mechanical Engineering (Slovenia) enabled to change experience and to profound knowledge of each partner in water jet technology (fig. 18).
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Fig. 16. Participants on EU project „Abrasives Water Jet Cutting, a clean technology“, Milano, 2002

An extensive cooperation enabled the presentation and control the work of the various teams during negotiations in Germany (Hannover) 1999, in Hungary (Miskolc) 1999, Italy (Milan) 2000, Sweden (Ronneby) 2000, Czech Republic (Ostrava) 2001, Poland (Krakow) 2002. The results of the working group ABRASIVES were summarized in the article "Abrasives for AWJ Cutting" (Martinec et al. 2000).

Project of GA CR “Disintegration of rocks and coal - theoretical aspects, applications, outlook” (2002-2006)

Research of high pressure water jet was in 2002-2006 focused not only on the cutting processes, but also to the material comminution, as it offers the chance of its wider use in the common practice. The process of material comminution is very specific, in comparison with the cutting.

The processes of disintegration are associated with the release of particles from the surface of materials of different sizes. Smaller particles, approximately less than 1 mm, were created in the processes of surface cleaning (cleaning rusted metal surfaces, surfaces coated with old paint, grime). Larger particles, approximately 1.0 mm to 100 mm, were created during the disintegration of bulk materials (removing layers of weathered or damaged concrete dams, bridges, roads (Foldyna et. al. 2005) and when mining machines are to be used for disintegration of rocks and coal by mechanical cutting picks and rollers (Vašek, 2001, Vašek 2005).
The processes aimed at comminution of materials (particle size of less than 0.1 mm) submicron up to nanoparticles (for paint manufacturing industry, cosmetic industry, pharmaceuticals, new materials). Because the world of nanotechnology is already a reality UGN team is participating in the development processes of coal comminution, by the "target water jets" and with "opposite water jets"
Activity of all members of the research team of scientists, but also technicians and other workers enabled successfully develope since 1980. They created the conditions for the further development of research this technology in the near and more distant future.

Conclusion

The beginnings of the construction of laboratory rock cutting UGN Ostrava Czech Academy of Sciences (now the Department of disintegration of materials) was based on the results and conclusions of years of research disintegration of rocks in Scientific Research Coal Institute Ostrava-Radvanice carried out in the period 1962-1985.
Development of research on the process and disintegration of rocks in the department of materials have been achieved by adopting promising young researchers with the support of management HOU Academy of Sciences (now UGN ASCR) in raising funds by projects ASCR, GAAV, US-Czech Scientific and Technical program, project EU, international cooperation with leading laboratories in Italy, Hungary, Germany, Canada, USA, Poland, Slovakia, through economic contracts with domestic manufacturing organizations.

Also, membership in the preparatory committees Water Jet Technology Association (USA), British Hydraulic Research Group (GB), Water Jet Technology Society of Japan allowed to have access to the latest results of research and social practice, direct contact with experts around the world.
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