XX Symposium on Physics of
Switching Arc 2013

Brno, Czech Republic
2 — 6 September 2013

Editors:

V. Aubrecht
M. Bartlova

ISBN: 978-1-63266-010-7



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

.com

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2013) by Brno University of Technology
All rights reserved.

Printed by Curran Associates, Inc. (2014)

For permission requests, please contact Brno University of Technology
at the address below.

Brno University of Technology

c/o Milada Bartlova - Department of Physics
Technical 2848/8, Zabovresky, 61600

Brno, Czech Republic

Phone: +420 541 143 431
Fax: +420 541 143 133

bartlova@feec.vutbr.cz

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2634

Email: curran@proceedings.com
Web:  www.proceedings.com



CONTENTS

INVITED LECTURES

SOME CONSIDERATIONS ON ARC BEHAVIOUR IN REALISTIC CIRCUIT BREAKER
GEOMETRIES
F N LU TS gAY/ O = T=To3 (=Y o ST 13

MINIMIZING THE IGNITION VOLTAGE OF AUTOMOTIVE HID LAMPS USING DBD
WITHIN THE OUTER BULB

Bergner A., Groeger S., Hoebing T., Ruhrmann C., Mentel J., AWakowicz P. .........cc.ccccvvvrvrannnn. 21
FROM STREAMER DISCHARGES TO THERMALIZATION

o =T A RSOOSR P TR 26
THE PROBLEM OF ELECTRIC ARCS IN AERONAUTICS

GIBIZES A .t b bbb h ettt et 27

NEW ADJUSTMENT POSSIBILITIES OF THE ELECTRICAL DISCHARGE POWER FOR
THE NON-THERMAL PLASMA REACTORS

[ LT L[ Lo =S 28
THERMAL PLASMA GASIFICATION OF ORGANIC WASTE AND BIOMASS
HIEADOVSKY VL. oottt et e e bbb e b e reere e st et stestenreene e 29

NEW FINDINGS ON CURRENT INTERRUPTION IN HIGH VOLTAGE CIRCUIT
BREAKERS
Seeger M., Galletti B., Bini R., Dousset V., lordanidis A., Over D., Mahdizadeh N., Schwinne M.,
Y (0] LT e O o) 1 1=] (=Y S R 39

STUDY OF RADIATION OF HIGH PRESSURE ARCS
Uhrlandt D., Gott G., Kozakov R., Methling R., Franke St., Baeva M., Schopp H., Schein J.,
(o a T aT=T gL I = TS 49

THE INFLUENCE OF PRODUCT DESIGN PARAMETERS ON THE PERFORMANCE OF
HIGH VOLTAGE CIRCUIT BREAKERS
Yan J.D., Pei Y., Zhang Q. and Wang H. ..o e 58

Contents — Invited Lectures



CONTRIBUTED PAPERS

MODELING OF THERMAL PLASMA JET IN OPEN ATMOSPHERE - INVESTIGATION OF
THE METHOD FOR CALCULATING THERMODYNAMIC AND TRANSPORT PROPERTIES
OF THE GAS MIXTURE

Agon N., Vierendeels J., Hrabovsky M., Van Q0St G. .........cccccoveviiiiiiiieiie e 71

MODIFICATION OF THE STRUCTURE AND PROPERTIES OF FILLING DENTAL CEMENT
BY CARBON NANOMATERIALS
Azharonok V. V., Belous N.Ch., Radtsevich S.P., Koshevar V.D., Veklich A.N., Boretskij V.F.,
Lopatko K.G., AfTANIYANTS Y.G. ..c.eeieieie et 75

INVESTIGATION OF ARC DISCHARGE IN LIQUID, INITIATED BETWEEN HOLLOW
CYLINDRICAL CONTACTS OF HIGH-CURRENT HIGH-VOLTAGE SWITCH

Azizov E.A., Emelianov A.l., ROAIONOV N.B. ......oooiiiiiiiie e 76
NONEQUILIBRIUM MODELLING OF TRANSFERRED ARCS

Baeva M., Gorchakov S., Kozakov R., Uhrlandt D...........coocvviiiiiiiiiii e 80
TIME-RESOLVED ABLATION OF POLYMERS EXPOSED TO AC ARCS IN AIR

BECEITA M., GALI R.eoiieiie sttt ettt ettt s et e e ettt e sttt e s ettt e e e ete e e e st et e e seabeeesbeeessbeeeeians 84

MODELLING CATHODE SPOTS IN VACUUM ARCS WITH ACCOUNT OF GRANULAR
STRUCTURE OF MULTI-COMPONENT CONTACTS
Benilov M. S., Cunha M. D., Hartmann W., WeNzel N. ......cccoooiiiieie et 88

APPROXIMATE CALCULATIONS OF RADIATION EMISSION FROM SFs ARC PLASMAS
WITH CU VAPOURS
Bogatyreva N., Bartlova M., Aubrecht V., Skarvada P., Dallagva D. ........c..ccccccoevvvevivvcienennnn, 92

SPECIFIC CHARACTERISTICS OF «LOADING EFFECT» AT MICROWAVE PLASMA
CHEMICAL PROCESSING OF SILICON WAFERS
Bordusau S.V., Madveika S.1., DOStANKO A.P. ...cocueieiceiee ettt ettt serae e 96

SURFACE TREATMENT OF POLYPROPYLENE TEXTILE BY UNDERWATER PULSED HV
DISCHARGE
Brablec A., Neagoe G. and GalmizZ O. ......cccceoiiiiiiiieie e 100

FEATURES OF NON-EQUILIBRIUM PLASMA OF THE DYNAMIC GAS-DISCHARGE
SYSTEMS AND ITS APPLICATIONS
Chernyak V.Y., Nedybaliuk O.A., Yukhymenko V., Martysh E.V., Prysiazhnevych I., Veremij Yu.,
Solomenko O.V., Yukhymenko K., Levko D., Tsimbaliuk A., Fedorovich O.A., Liptuga A.,
Bogaenko N., POPKOV V., MArChUK V.........cccooiiiiiiiiee e 104

PLASMA-LIQUID SYSTEM WITH ROTATIONAL GLIDING ARC WITH LIQUID
ELECTRODE
Chernyak V.Y., Nedybaliuk O.A., Solomenko O. V., Martysh E.V., Fedirchyk I. I..................... 112

EFFECT OF FLOW ON ARC-ANODE ATTACHMENT BEHAVIOUR AND ON ANODE
EROSION

Chumak O. M., Maslani A., MuSdlek R., Hrabovsky M. .............ccccccovvviviiiiniiiiiiiiie e 116
DIAGNOSTICS OF HEAT FLUX OF THE PLASMA

[ 10 0] F= I = PSSR SSR PSSR 120
ELECTRODE GAP INFLUENCE ON POLYMERIC ARC MEDIUM

Dominguez G. and FrIDEIG A. .. .ot nne e 121

Contents — Contributed Papers



ANALYSIS OF TEMPERATURE ON THE ROTARY BREAKING SYSTEM OF A MOLDED
CASE CIRCUIT BREAKER AT NOMINAL CURRENT AND OVERLOAD
[ 101 r= N SRR 122

BASIC STUDY ON THE DYNAMIC BEHAVIOUR OF ASYMMETRICALLY BLOWN ARCS
IN NON-ROTATIONALLY SYMMETRIC NOZZLE ARRANGEMENTS

Eichhoff D., Nikolic P.G. and SChNEtIEr A. ........oooiiiieeeeeee et 126
DC ARC EXTINGUISHING PRINCIPLES FOR SPARK GAPS
o o T | AN o] T T =] g T 130

NEW SOLUTION TO INCREASE EFFICIENCY OF ELECTROCHEMICAL REACTORS WITH
COLD PLASMA DISCHARGES
Felea l. C., HNatiuC E., UrSACNE M. ......ooiiiiiiiiieiie ettt 134

BIOLOGICAL EFFECTIVENESS OF PLASMA AND ELECTROMAGNETIC FIELD SEEDS
TREATMENTS AGAINST PLANT PATHOGENIC BACTERIA AND FUNGI
Filatova I. 1., Azharonok V. V., Goncharik S. V., Lyushkevich V. A., Zhukovsky A. G., Gadzhieva
G. 1., Spasi¢ K., Zivkovié S., Puac N., Lazovi¢ S., Malovi¢ G. and Petrovié Z. Ljooiiiiiin, 135

IMPROVEMENT OF A PSEUDO KINETIC METHOD FOR THE CALCULATION OF TWO-
TEMPERATURE THERMAL PLASMA COMPOSITION

Freton P., Choquet I., Gonzalez J.J., TEUIEL P. .....cvooieiiiiiiceeeeee s 139
POLYMERIC ABLATION INFLUENCE ON GENERATED PRESSURE
Friberg A. and DOMINQUEZ G. ....ooveiiieiee ettt ettt neesreeneenes 143

MATHEMATICAL MODELING OF PLASMA PROCESS OF NANOPOWDER PRODUCTION
USING A COMBINED PLASMA TORCH
Frolov V., Ivanov D. V., SNIDAEY M. A. ..ottt 147

CHARACTERISTIC FEATURES OF PLASMA REACTIVITY AS A LOAD IN GLOW
DISCHARGE IMPULSE EXCITATION UNDER LOW VACUUM CONDITIONS

Godun D.V., Bordusau S.V., DOSTANKO A.P.......coiiiiiiiiie et 151
EROSION OF METALLIC TARGETS AT MAGNETRON SPUTTERING
Golosov D.A., Melnikov S.N., Zavatskiy S.M. .........cooiiiiiiiieiecceee e 155

MINIMIZING THE IGNITION VOLTAGE OF AUTOMOTIVE HID LAMPS USING LONG
ACTIVE ANTENNAS
Groeger S., Bergner A., Ruhrmann C., Hoebing T., Mentel J., Awakowicz P. ..............ccccoevnn. 159

INFLUENCE OF CATHODE AND NOZZLE WEAR ON DISTRIBUTIONS OF
FLUCTUATIONS IN CUTTING ARC
Gruber J., Sonsky J., HIINA J. ......cocuiueieiiieieeeeeeceese ettt 163

SIMULATION OF HOT GAS FLOW IN A HIGH VOLTAGE CIRCUIT BREAKER WITH P1
RADIATION MODEL

Ha M.J., Park J.H., Kim K.H., KIM J.H. ..o 167
TRANSIENT ELECTROMAGNETISM ANALYSIS FOR HIGH POWER CIRCUIT BREAKERS

Haddad A., RODIN-JOUAN Ph. ...ttt s srae et e e res 171
DELAYED RE-IGNITION PHENOMENA IN LOW VOLTAGE CIRCUIT BREAKER

Hauer W., ZNoU X., ZEHEE P ..ot 175

EFFECT OF ACTIVE ANTENNAS ON THE HOT-RESTRIKE OF HID-LAMPS —
EXPERIMENT AND SIMULATION

Hoebing T., Bergner A., Koch B., Manders F., Ruhrmann C., Woelfel C., Mentel J.,

AWBKOWICZ Pttt b bbbttt b et 179

Contents — Contributed Papers



ELECTRIC-THERMAL ANALYSIS OF METAL OXIDE VARISTOR
HUHNEr L., GlaSA M. ..o ettt e e ettt e e e ettt e e e e e e e e e e e e ees 183

SIMULATING THE BEHAVIOUR OF LIGHTNING CURRENT ARRESTERS WHEN
INTERRUPTING MAINS FOLLOW CURRENTS
Hiittner L., Jurcacko L., Valent F., Ehrhardt A., SChreiter S. .......ooooviviiie e, 187

PLASMA-LIQUID SYSTEM WITH PULSED DISCHARGE FOR THE FOCUSING OF
ACOUSTIC WAVES
lukhymenko V.V., Chernyak V.Y., Martysh E.V., Fedorovich O.A., Nedybaliuk O.A.,

Gavryliuk E.Yu., Lisitchenko T.E., Andriuschenko V.O., Marchuk V.E. ........c..cccccevvevevencnnnnnn. 191
TO THE DESIGN OF A HIGH-TEMPERATURE DEVICE WITH ELECTRIC ARC
Jakubova 1., SENK J., LAzZNICKOVA L. ....cveviiiiiie ettt 195

INTERNAL ARC TESTS AND CFD CALCULATIONS REGARDING THE PRESSURE RISE
IN AN ARCING ROOM AND A PRESSURE-RELIEF ROOM
Iwata M., Tanaka S., Miyagi T., Amakawa T. and PietsCh G. J. ..o 199

INVESTIGATIONS ON THE BEHAVIOR OF SWITCHING ARCS IN RESONANT HYBRID
DC CIRCUIT BREAKERS

Karacay M. B., Eichhoff D., Nikolic P.G. and Schnettler A. ..o 203
DIAGNOSTICS OF PLANAR DISCHARGE FOR INDUSTRIAL APPLICATIONS

Kelar J., StEpanova V., SIAVICEk P. ...........cc.ccovoeevirisseviesisiisisessss s sssssssse s 207
OPTIMIZATION OF MEAN ABSORPTION COEFFICIENT BANDS QUANTITY

Kloc P., Aubrecht V., BartloVa M. .......coocuiiiiiie ettt et s 211
HIGH VOLTAGE VACUUM SWITCHING

Kosse S., Hartmann W., Wenzel N., Katschinski U., Grammel S. and Teichmann J................... 215

DIELECTRIC BARRIER DISCHARGE IN WATER SOLUTION TREATMENT
Kovacevié¢ V.V., Dojc¢inovi¢ B.P., Supica D., Jovi¢ M., Rogli¢ G.M., Obradovié B.M. and
KUFRICA MLV Lt er bbb 216

DIAGNOSTICS OF HIGH FREQUENCY UNDERWATER DISCHARGES IN WATER
SOLUTIONS BY ELECTRIC MEASUREMENTS
Kozakova Z., Vasicek M., HIOChOVA L., KFCIQ F. ........cooovuueeeeieeieeeeeeeeieeeeeeeeeeeeeeeee e 220

PLASMA TREATMENT OF CACO3z NANOPARTICLES FOR APPLICATION IN
COMPOSITES
Kréma F., PosSpiSil L., NezbedOVA E. ...........ccccuiiiiiiiiiiiiiiiiiieit et 224

ANALYSIS OF THE BREAKDOWN AND ELECTRICAL ARC IN THE PROCESS OF
SWITCHING ON
KUIAS S. J., KOIIMAS L. oottt ettt et e ettt e e e e et e e e e r e et e e e e eeaees 228

NUMERICAL STUDY ON SWITCHING ARCS AND TURBULENCE MODELS INSIDE A SFg
SELF-BLAST INTERRUPTER

Lee J. C., KIMH. K., Cho Y. S., KIM Y. Juoiioiiiie ettt sn e s 232
FULL COUPLED SIMULATION OF FLOW AND DYNAMIC ANALYSIS FOR GIS
Lee Y.S., Bang B.H., Ahn H.S., Choi J.U., Park SW. .......c.ccooiiiiiee e 236

PLASMA TECHNOLOGIES IN MODIFICATION OF TEXTILE MATERIALS BY COLLOIDS
OF METALS
Lopatko K., Melnichuk M., Aftandilyants Y.G., Gonchar E., Boretskij V. F., Veklich A. N.,
VIasenko V., TUGAY A., TIACK V. ..ottt nne s 241

Contents — Contributed Papers



DIELECTRIC ARC REIGNITION IN H.V. CIRCUIT BREAKERS

Madarasz G. A., Szabo K., KivAly L. ..........cccociiiiiiiiiiiiii ittt 245
STREAMER TO SPARK TRANSITION IN SUPERCRITICAL N2
Markosyan A.H., Zhang J., van Heesch E.J.M., Ebert U. .........c.ccooeiiiiiiiiiicccc e 249

STUDY OF KINETIC PROCESSES IN NITROGEN FLOWING POST- DISCHARGE WITH
MERCURY TRACES BY OPTICAL EMISSION SPECTROSCOPY

Mazankova V., Kréma F., TEUNEC D .oooiiuviiiiii ittt ettt e e sabraee s 253
PLASMA TEMPERATURES OF FREE-BURNING ARCS DOMINATED BY CU VAPOUR
Methling R., Franke St., Uhrlandt D., Bianchetti R., Gati R. and Schwinne M. ..............c..c........ 257

DEVELOPMENT OF AN OPTICAL METHOD FOR INVESTIGATING SWITCHING ARCS IN
INSULATING NOZZLES
Nikolic P.G., Stoller P. C., Panousis E., Schwinne M. and Schnettler A. ..........ccccovevvevicierennne, 261

INVESTIGATIONS ON THE DIELECTRIC RECOVERY OF SFs AND AIR IN INSULATING
NOZZLES
Nikolic P.G., Seeger M. and SChNettIer A. .......oovoieiee e 265

ON THE ELECTRIC FIELD MEASUREMENTS IN HELIUM ATMOSPHERIC PRESSURE
DISCHARGES
Obradovié B.M., Ivkovi¢ S.S., Sretenovi¢ G.B., Kovacevié¢ V. V., Krsti¢ 1.B., Cvetanovié N. and
KUFAICA MLV .ottt ettt e et e e ete et e et e ebe e ebe e ebeeneeenee s 269

SWITCHING ARC SIMULATION IN HIGH-VOLTAGE CIRCUIT BREAKERS — MIXED
FORMULATIONS
Reichert F., Petchanka A., Freton P., GONZAIEZ J.J. .....ccooovviiiiiicie e 273

COLD SPOT HEATING WITHIN METAL HALIDE LAMPS
Ruhrmann C., Groeger S., Hoebing T., Bergner A., Suijker J., Mentel J., Awakowicz P.......... 277

INTERACTION OF HYDROGEN VHF — PLASMA WITH PD — MEMBRANE

Savitsky A.A., Pankov V.V., ZheludKevich M.L. ... 281
APPARATUS FOR SWITCHING DIRECT CURRENTS IN PHOTOVOLTAIC SYSTEMS

Schreiter S., ENrhardt A., ROCK M. ......oi ittt 285
TEMPERATURE MEASUREMENTS USING OH RADICAL SPECTRA

Slavicek P., Ferdinand J., KapiCka V. .......ccccuoeioerieiieiesitse s eiesese st ssesae e anaenens 289
GAS CIRCUIT BREAKERS WITH CO2 OR AIR AS THE INTERRUPTING MEDIUM

Stoller P. C., Seeger M., 10rdanidis A. A.......o oot 293
OBSERVATION OF HF CATHODE AND ARC ROOT INSIDE CUTTING PLASMA TORCH

SONSKY J., GEUDEE J...cooeeveveiee ettt sttt 297

CALCULATION OF THE WELD POOL PROFILE COUPLED WITH THE ARC SIMULATION
IN A TIG PROCESS USING SOFTWARE ANSYS CFX
Toropchin A., Frolov V., UNrlandt D. .........ccocoieieiiiiic e 301

APPLICATION OF CHROMATIC ANALYSIS TO TEMPERATURE MEASUREMENT OF
HIGH-PRESSURE SF6 GAS PLASMA FLOW
Uchii T., Humphries J. E., Deakin A. G., SPENCEr J. W. ....ccviviieieieee et 305

ELECTRIC EROSION PROPERTIES OF COPPER-CARBON COMPOSITE ELECTRODES
Veklich A. N., Fesenko S. O., Bondarenko I. V., lvanisik A. I., Boretskij V. F., Lebid A. V........ 309

INVESTIGATION OF ELECTRIC ARC DISCHARGE BETWEEN COPPER-MOLYBDENUM
COMPOSITE ELECTRODES
Veklich A. N., Lebid A. V., Ivanisik A. I., Fesenko S. O., Boretskij V. F. ....c.cccooveveiiiiniiinannns 313

Contents — Contributed Papers



OPTIMIZING THE ARC CHARACTERISTICS FOR IMPROVED DESIGNS OF PASSIVE
RESONANT HVDC-CIRCUIT BREAKERS
Walter M. M., LEU C., FTanNCK C.M. ...coocueiiiieiie ettt ettt et e ettt e et e e s sta e s seban e e e 317

INVESTIGATIONS ON PRESSURE STRESS IN ELONGATED SUBSTATIONS DUE TO
INTERNAL ARCING
WELZEIEE S., PIBISCN Gl J. oottt ettt e et e e e et e e sttt e e s ettt e e s et aeeseteeeenn 323

RECOVERY RATE ANALYSIS OF PLASMA SWITCH AND COMPARISON WITH
EXPERIMENTAL RESULTS

Zhang J., E.J.M. Van HEESCN........ccuviiiiiieiic ettt nne s 327
MODELLING OF TURBULENT ARC BURNING IN A SUPERSONIC NOZZLE
Zhang Q., Yan J.D. and Fang M.T.C.....ccoiiieii it 331

PRESSURE AND ARC VOLTAGE MEASUREMENT IN A 252 KV SFs PUFFER CIRCUIT
BREAKER
A 2 To oo IV IR I A= o o I 1 o I PSSR 332

Contents — Contributed Papers





