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Welcome 

 
Welcome to Electrostatics 2015.  The current conference, the latest in a long series, extending over fifty years, 

organised by the Institute of Physics, is, certainly international, papers having been received from twenty one 

countries.  

 

The early meetings - under the title of Static Electricity – concentrated mainly on the unwanted aspects of dust and 

solvent ignition and the difficulties encountered in materials handling caused by electrostatic charging.  However, 

some eighty papers have been accepted for this conference and, while electrostatic hazards - including the damage 

caused to electronic systems by electrostatic discharges - are certainly a continuing important aspect there are a 

great number of papers on advantageous applications. 

 

Papers have been invited from five well-known speakers who will each review their own field as well as present 

future developments. 

 

It seems amazing that a mosquito can sense the field outside an electrostatic trap and withdraw.  Physics, in 

general, is contributing greatly to the understanding of biological processes and electric fields and charges 

undoubtedly influence the migration of biological entities through cell membranes and within the cell. There are 

several papers on environmental aspects of electrostatics including development precipitators to clean vehicle 

engine exhausts and remove unwanted species from the atmosphere. 

 

This introduction clearly cannot be comprehensive but space radiation charging of asteroids, novel materials 

including nanostructures for drug delivery and several papers on modelling hopefully gives an impression of a really 

exciting conference. 

 

This will be a very busy and intensive schedule to include exhibitions and social events but time will be available to 

renew many old friendships and form new, lasting ones I’m sure. 

 

I look forward to meeting you. 

 

Keith Davies 

Conference Chairman 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

2 Electrostatics 2015 

Monday 13 April  
 

08:00 Registration and refreshments 

Southampton Solent University Conference Centre 

 

08:45 Welcome 

Keith Davies (Conference Chair) 

 

 

Session 1:  Materials, powders and fluids 1 

Chair: Keith Davies, Markab Scientific Solutions, UK 

 

09:00 Bill Bright memorial lecture  

O.01 (invited) The contribution of surface potential to diverse problems in electrostatics 

Mark N Horenstein, Boston University, USA 

10:00 O.02 Interaction of a particle bed with a droplet under and applied electric field 

Peter M Ireland, University of Newcastle, Australia 

10:25  O.03 Resonant vibration of a droplet located on a super-hydrophobic surface under the vertical 

and horizontal AC field 

Yoshio Higashiyama, Yamagata University, Japan 

 

 

10:50  Refreshments 

 

 

Session 2: Materials, powders and fluids 2 

Chair: Peter Castle, University of Western Ontario, Canada 

 

11:20  O.04 Electrostatic adhesion of polymer particles to a shaken foil electrode 

Jeremy Smallwood, University of Southampton, UK 

 

11:45  O.05 Triboelectric charging of granular materials 

Daniel J Lacks, Case Western Reserve University, USA 

 

12:10 O.06 Novel electrostatic separator for micronized mixtures of metals and plastics originating from 

waste electric and electronic equipment 

Sara Messal, Institut P’ – CNRS – Université de Poitiers – ENSMA, France 

 

12:35  O.07 Dust particles precipitation in AC electrostatic precipitator 

Anatol Jaworek, Institute of Fluid Flow Machinery, Polish Academy of Sciences, Poland 

 

 

13:00  Lunch 
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Session 3: Hazards 1 

Chair: Martin Glor, Swiss Process Safety Consulting GmbH, Switzerland 

 

14:00  O.08 Understanding electrostatic charge behaviour in aircraft fuel systems 

Jill A Ogilvy, Airbus Group Innovations, UK 

 

14:25  O.09 Charge transferred in brush discharges 

Marcin Talarek, Institute of Mining Technology KOMAG, Poland 

 

14:50  O.10 Hazard assessment of high speed slurry blending using computer modelling of electric fields 

and potentials 

Ian D Pavey, Chilworth Technology, UK 

 

 

15:15 Poster session 1 and refreshments 

 

 

Session 4: Hazards 2 

Chair: Jeremy Smallwood, Electrostatics Solutions Ltd., UK 

 

16:30  O.11 Charge generation associated with liquid spraying in tank cleaning and comparable 

processes - preliminary experiments 

Oswald F J Losert, BG RCI, Germany 

 

16:55  O.12 Electrostatic ignition hazards associated with dissipative dust filters 

Martin Glor, Swiss Process Safety Consulting, Switzerland 

 

17:20  O.13 Effects of magnetic fields during high voltage live-line maintenance 

Bálint Németh, Budapest University of Technology and Economics, Hungary 

 

17:45  End of day one 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://elec2015.iopconfs.org/328958
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Tuesday 14 April 
 

 

08:00   Registration 

 

 

Session 5: Non-thermal plasmas 1 

Chair: Istvan Kiss, Budapest University of Technology and Economics, Hungary 

 

09:00 O.14 (invited) Atmospheric-pressure ionization processes: New approaches and applications for 

plasmas in contact with liquids 

David B Go, University of Notre Dame, USA 

 

10:00  O.15 Reduction of NOx and PM in marine diesel engine exhaust gas using microwave plasma 

Nadarajah Manivannan, Brunel University London, UK 

 

10:25  Refreshments and exhibition 

 

 

Session 6: Non-thermal plasmas 2 

Chair: Paul Holdstock, Holdstock Technical Services, UK 

 

11:20 O.16 Electrical and mechanical characteristics of nanosecond pulsed sliding dielectric barrier 

discharges with different electrode gaps 

Kossi D Bayoda, Institut P’ – CNRS – Université de Poitiers – ENSMA, France 

 

11:45  O.17 Evaluation of the time-resolved EHD force by particle image velocimetry – a parametric study 

Nicolas Benard, Institut P’ – CNRS – Université de Poitiers – ENSMA, France 

 

12:10 O.18 CO2 reduction system using adsorption followed by nonthermal plasma treatment 

Kenji Nakajima, Osaka Prefecture University, Japan 

 

12:35  Technical presentations 1 

 Chilworth Technology Ltd. 

 

 

13:00   Lunch 
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Session 7: Measurement and instrumentation 1 

Chair: Paul Holdstock, Holdstock Technical Services, UK 

 

14:00  O.19 Footwear and flooring: charge generation in combination with a person as influenced by 

environmental moisture 

David E Swenson, Affinity Static Centre Consulting LLC, USA 

 

14:25 O.20 Measurement of the electric potential at the surface of non-uniformly charged polypropylene 

nonwoven media 

Ali Fatihou, Institut P’ – CNRS – Université de Poitiers – ENSMA, France 

 

14:50  O.21 Techniques for investigating the effects of ESD on electronic equipment 

Douglas C Smith, University of Oxford, UK 

 

 

15:15 Poster session 2 and refreshments 

 

 

Session 8: Measurement and instrumentation 2 

Chair: Mark N Horenstein, Boston University, USA 

 

16:30  O.22 Uncertainty of potential measurements of Q-constant objects 

Ryszard Kacprzyk, Wroclaw University of Technology, Poland 

 

16:55  O.23 Simultaneous measurement of particle charge, distance and size using coaxial induction 

probe 

Matti Murtomaa, University of Turku, Finland  

 

17:20  O.24 Importance of the substrate nature to preserve microorganisms’ cultivability in electrostatic 

air samplers 

Jean-Maxime Roux, CEA, France 

 

17:45  End of day two 
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Wednesday 15 April 
 

 

08:30   Registration 

 

 

Session 9: ESD 

Chair: Ulrich von Pidoll, Physikalisch-Technische Bundesanstalt (PTB), Germany 

 

09:00  O.25 (invited) ESD in industry - present and future 

Jeremy Smallwood, Electrostatic Solutions Ltd., UK 

 

10:00  O.26 Charge neutralisation from the side surface of an insulating plate 

Atsushi Ohsawa, National Institute of Occupational Safety and Health, Japan 

 

10:25  O.27 An unusual source of multiple ESD events in electronic equipment 

Douglas C Smith, University of Oxford, UK 

 

 

10:50   Refreshments 

 

 

Session 10: Modelling and simulation  

Chair: Ian Pavey, Chilworth Technology Ltd., UK 

 

11:20 O.28 Discrete element method modeling of the triboelectric charging of polyethylene particles: 

Can particle size distribution and segregation reduce the charging? 

Ladislav Konopka, Institute of Chemical Technology Prague, Czech Republic 

 

11:45 O.29 Using electrostatic modelling to study cone discharges 

Wahid Azizi, Chilworth Technology Ltd, UK 

 

12:10  O.30 Numerical calculation of dielectrophoretic and electrostatic forces acting on micro-scale 

particles 

Matthew Praeger, University of Southampton, UK 

 

 

12:35  Technical presentations 2 

 Infolytica Europe 

 

13:00  Lunch 
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Session 11: High voltage 

Chair: Atsushi Ohsawa, National Institute of Occupational Safety and Health, Japan 

 

14:00 O.31 (invited) Development of super-clean diesel engine and combustor using nonthermal plasma 

hybrid aftertreatment 

Masaaki Okubo, Osaka Prefecture University, Japan 

 

15:00  O.32 Numerical model for long (lightning) discharges formed partly along an insulating surface 

István Kiss, Budapest University of Technology and Economics, Hungary 

 

15:25  Exhibition and refreshments  

 

 

17:00  End of day three 

 

 

18:30   Coach transfers from Solent Conference Centre to Royal Southampton Yacht Club 

 

 

19:00  Conference dinner 

Royal Southampton Yacht Club 

 

 

23:00   Coach transfers from Royal Southampton Yacht Club to Jurys Inn Southampton  

(approx.) 
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Thursday 16 April 
 

 

08:30   Registration 

 

 

Session 12: Electrospin and electrospray 

Chair: Matti Murtomaa, University of Turku, Finland 

 

09:00 O.33 (invited) Electrospun materials for affinity based drug delivery 

Horst von Recum, Case Western Reserve University, USA 

 

10:00  O.34 Estimation of droplet charge forming out of a ligament in the presence of a uniform electric 

field 

Peter Castle, University of Western Ontario, Canada 

 

10:25  O.35 Composite electrospun polymer fibres containing carbon nanotubes 

Geoffrey Mitchell, Institute Polytechnic Leiria, Portugal 

 

 

10:50  Refreshments 

 

 

Session 13: Environmental and space applications 

Chair: James Matthews, University of Bristol, UK 

 

11:20  O.36 Deep dielectric charging and breakdown of lunar polar regolith 

Timothy J Stubbs, NASA Goddard Space Flight Center, USA 

 

11:45  O.37 The effect of electrostatic charges on the removal of radioactive aerosols in the atmosphere 

by raindrops 

Mamadou Sow, Institut de Radioprotection et de Sûreté Nucléaire (IRSN), France 

 

12:10  Close of conference 

Keith Davies (Conference Chair) 

 

 

12:20 Lunch and depart 
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Poster session 1 (Monday 13 April) 
 

P1.01 Safe housing ensured by an electric field screen that excludes insect-net permeating haematophagous 

mosquitoes carrying human pathogens 

Yoshinori Matsuda, Kinki University, Japan 

 

P1.02 Avoidance of an electric field by insects: Fundamental biological phenomenon for an electrostatic pest-

exclusion strategy 

Hideyoshi Toyoda, Kinki University, Japan 

 

P1.03 Frequency dependence and assembly characteristics of Ag nanomaterials trapped by dielectrophoresis 

Ryosuke Kataoka, Tokyo Metropolitan University, Japan 

 

P1.04 Intelligent electrostatic induction hydraulic spray nozzle for controlling cotton plant insects 

Murtadha Al-Mamury, Brunel University London, UK 

 

P1.05 Physico-chemical qualification of a universal portable sampler for aerosols and water-soluble gases 

Jean-Maxime Roux, CEA, France 

 

P1.06 Modulation of urban atmospheric electric field measurements with the wind direction in Lisbon (Portugal) 

Hugo G Silva, Universidade de Evora, Portugal 

 

P1.07 Spectral response of atmospheric electric field measurements near AC high voltage power lines  

Hugo G Silva, Universidade de Évora, Portugal 

 

P1.08 Simulations of the Global Electrical Circuit coupled to local Potential Gradient measurements 

Hugo G Silva, Universidade de Évora, Portugal 

 

P1.09 Preliminary results on soil-emitted gamma radiation and its relation with the local atmospheric electric field 

at Amieira, Portugal 

Hugo G Silva, Universidade de Évora, Portugal 

 

P1.10 Exact solution for the interaction of two equal sized charged conducting spheres 

Shubho Banerjee, Rhodes College, USA 

 

P1.11 Structure of near-electrode dissociation-recombination layers under DC stress 

Vladimir Chirkov, St. Petersburg State University, Russian Federation 

 

P1.12 Comparative analysis of numerical simulation and PIV experimental results for a flow caused by field-

enhanced dissociation 

Sergei Vasilkov, St. Petersburg State University, Russian Federation 

 

P1.13 Electrical properties of elastomeric nanodirelectrics 

Geoffrey Mitchell, Institute Polytechnic Leiria, Portugal 

 

P1.14 Local structure of polymers in surface dominated nanodielectrics 

Geoffrey Mitchell, Institute Polytechnic Leiria, Portugal 

 

P1.15 Observation of charge separation and gas discharge during sliding friction between metal and insulator 

Takashi Miura, National Institute of Occupational Safety and Health, Japan 
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P1.16 Laboratory bench for the characterization of triboelectric properties of polymers 

Bogdan Neagoe, Institut P’ – CNRS – Université de Poitiers – ENSMA, France 

 

P1.17 Experimental characterization of triboelectric charging of polyethylene powders 

Ladislav Konopka, Institute of Chemical Technology Prague, Czech Republic 

 

P1.18 Operating parameters that influence the extent of electrostatic charging in gas-solid fluidized beds 

Poupak Mehrani, University of Ottawa, Canada 

 

P1.19 Material separation of catalytic ceramics based on electric field effects 

Dominic Trunzer, Aschaffenburg University of Applied Sciences (UAS), Germany 

 

P1.20 Design and performance of a small-scale wind turbine exploiting an electret-based electrostatic conversion 

Matthias Perez, University of Grenoble / CEA, France 

 

P1.21 Effect of electrostatic field on microstructure of diabetic rat skin 

Jian Jiang, Second Military Medical University, China 

 

P1.22 Transient interaction model of electromagnetic field generated by lightning current pulses and human body 

Tamás Iváncsy, Budapest University of Technology and Economics, Hungary 

 

P1.23 Time-resolved investigations of electrohydrodynamic flow evolution in needle-to-plate positive corona 

discharge 

Janusz Podlinski, The Szewalski Institute of Fluid Flow Machinery, Polish Academy of Sciences, Poland 

 

P1.24 Numerical modeling and simulation of aerial vehicle charging and discharging process 

Du Zhaoheng, Institute of Electrostatic and Electromagnetic Protection, China 

 

P1.25 A strong connection between tribocharges and friction force at interfaces 

Thiago A L Burgo, National Nanotechnology Laboratory, Brazil 
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Poster session 2 (Tuesday 14 April) 
 

P2.01 Acoustic effects of single electrostatic discharges 

Lukasz Orzech, Institute of Mining Technology KOMAG, Poland 

 

P2.02 Non-contact surface resistivity tester for the material greater than 109 Ω 

Toshiyuki Sugimoto, Yamagata University, Japan 

 

P2.03 Current oscillograms of streamers in air by 50 μs voltage pulse impact 

Vladimir Chirkov, St. Petersburg State University, Russia 

 

P2.04 Characterization of dielectric materials by the extension of voltage response method 

Zoltán Ádám Tamus, Budapest University of Technology & Economics, Hungary 

 

P2.05 Modelling material dependent parameters of layer type straight coils for fast transient pulses 

Zoltán Ádám Tamus, Budapest University of Technology & Economics, Hungary 

 

P2.06 Re-creation of aerosol charge state found near HV power lines using a high voltage corona charger 

James C Matthews, University of Bristol, UK 

 

P2.07 Discrete element method modeling of the triboelectric charging of polyethylene particles: Can particle size 

distribution and segregation reduce the charging? 

Ladislav Konopka, Institute of Chemical Technology Prague, Czech Republic 

 

P2.08 Electrostatic modeling of cavities inside linear actuators 

Tom van Beek, Eindhoven University of Technology, Netherlands 

 

P2.09 General method for determining multipolar dielectrophoretic forces for arbitrary particle and electrode/field 

geometries 

Nicolas Green, University of Southampton, UK 

 

P2.10 Numerical study of electrical double layer development: Analysis of the charge genesis 

Thierry Paillat, Institut P’ – CNRS – Université de Poitiers – ENSMA, France 

 

P2.11 Numerical study on the DC corona discharge for the active airflow control along the flat plate 

Kazimierz Adamiak, University of Western Ontario (UWO), Canada 

 

P2.12 Aerosol droplet charge control via rapid plasma transport 

Paul Maguire, University of Ulster, UK 

 

P2.13 Corona charging triode systems 

Meziane Kaci, University of Bejaia, Algeria 

 

P2.14 Characterization of three electrode systems for charging electrets 

Meziane Kaci, University of Bejaia, Algeria 

 

P2.15 A study of metal extraction from mineral using non-thermal plasma in water 

Anto tri Sugiarto, Indonesian Institute of Sciences, Indonesia 
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P2.16 Impact of presence of space charges and water trees on the electric field distribution in the polymeric 

insulation of a medium voltage cable 

Abdelouahab Mekhaldi, Ecole Nationale Polytechnique d’Alger, Algeria 

 

P2.17 Mechanism analysis and experimental research on aero-engine exhaust electrostatic charging 

Du Zhaoheng, Institute of Electrostatic and Electromagnetic Protection, China 

 

P2.18 Novel sensing technique for static charge polarity detection of pharmaceutical particulates 

Tariq Hussain, University of Greenwich, UK 

 

P2.19 Intelligent electrostatic induction hydraulic spray nozzle for controlling cotton plant insects 

Murtadha Al-Mamury, Brunel University London, UK 
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Session 1: Materials, powders and fluids 1 

 

Bill Bright memorial lecture  

O.01 (invited) The contribution of surface potential to diverse problems in electrostatics 

M N Horenstein 

Boston University, USA 

The discipline of electrostatics is usually subdivided into different subject categories. The table of contents for the 

proceedings of most conferences, for example, will group papers into these traditional areas.  Some of them, such 

as electrostatic precipitation, industrial processing, electrophotography, laser printing, EHD, MEMS, and biological 

applications, use electrostatic charge for desirable purposes. One might think of these and similar applications as 

comprising “good electrostatics”. Other areas, such as ESD, incendiary discharges, ill health effects, particle 

contamination, “static cling”, and lightning, must deal with charge that is undesirable. One could think of these 

latter areas as “bad electrostatics”. Electrostatics also shows up in seemingly strange, unexpected places. It plays a 

role in flea mitigation, cosmetic hair restoration, recyclable materials sorting, bee pollination, greenhouse 

protection, musical instruments, American history (the Great Dust Bowl of the 1930’s), spacecraft propulsion, and 

even food preparation.  

Despite these widely varying applications or manifestations of electrostatics, one common thread that winds its way 

through most of them is the phenomenon of surface potential. For the purpose of this paper, we define surface 

potential as the potential difference that develops whenever net charge resides on the surface of an insulating layer 

that is, in turn, situated over an underlying conducting surface. Scenarios where this juxtaposition occurs include 

webs winding onto rollers, fly ash deposits on precipitator collectors, image drums in photocopiers, microfluidic 

devices, MOS transistors, high-voltage insulation systems, hazardous discharges, non-contact voltage instruments, 

and solar collectors. This paper reviews the role of surface potential as it relates to these and other electrostatic 

phenomena, covering the propagating brush discharge, the force exerted by a peeled insulating sheet, the potential 

that builds up at the roller end of a moving web, the onset of back corona in electrostatic precipitators, electrostatic 

biasing effects in MEMS, the measurement of surface charge with non-contacting voltmeters, the open-gate FET 

sensor, and the maximum charge sustainable on a woven fabric. The difference between charge separation on 

insulators versus capacitive structures will also be addressed. 
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O.02 Interaction of a particle bed with a droplet under and applied electric field 

P M Ireland, G B Webber, E D Jarrett, C Hughes and K P Galvin 

University of Newcastle, Australia 

The transport of dry solid particles from the gas phase to the surface of a liquid interface is relevant to a number of 

technologies and emerging applications, including “liquid marbles” and so-called “dry water”. Here we report on 

experiments where the transport of dry particles to a pendent water droplet is driven by an external electric field. A 

bed of dry particles was placed on an electrically-biased plate and positioned beneath the pendent droplet. Either 

the separation distance was decreased or the plate potential was increased until particles jumped to the droplet, 

and their charge was allowed to flow to earth. The transport of particles of various materials (silica, PMMA, metal 

sulfides) was studied. For silica particles (hydrophilic, poorly conductive), a critical applied voltage was required to 

initiate transfer, at which point an extremely rapid transfer of a large number of particles occurred. The particle-

loaded drop then detached, producing a metastable spherical agglomerate [1]. Deformation of the drop and radial 

compaction of the particle bed due to the electric field are thought to have played an important role in this process. 

The density and type of particles attached to the drop surface in turn affected the interfacial mobility and 

deformability.  

When mixed with silica particles, samples of 10 and 20 wt% PMMA (hydrophobic, non-conductive) underwent 

avalanches in the same manner as pure silica particles. When the admixture of PMMA content was 50 wt% or higher 

no avalanche occurred. Optical images of the mixtures indicated that the silica particles coated the PMMA particles, 

and that the degree of coating determined whether the avalanche occurred. An admixture of metal sulphide 

particles (slightly hydrophobic, conductive) appeared to make the particle transfer less sudden. These methods of 

controlling particle transfer may prove critical to the practical utility of the technique for producing structured 

particle aggregates of various sorts. 

 

Electrostatically-driven transfer of silica particles to a pendent drop. The ‘avalanche’ process takes ~0.3 seconds, 

and results in a metastable spherical agglomerate. 

[1] Liyanaarachchi et al. 2013. App. Phys. Lett. 103, 054105 
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O.03 Resonant vibration of a droplet located on a super-hydrophobic surface under the vertical and horizontal AC 

field 

Y Higashiyama, T Oh-uchi and T Sugimoto 

Yamagata University, Japan 

A water droplet under AC electric field manifests a resonant vibration at a definite frequency corresponding to the 

volume of the droplet, where the water droplet driven by AC electric field with resonant frequency changes its shape 

drastically repeating extension and shrink alternatively.  We have investigated to develop the method for mixing or 

stirring two liquid droplets by use of resonant vibration.  Ac voltage with a 10Hz was applied to a pair of parallel 

electrodes where a water droplets of 100 μL was placed on a super-hydrophobic plate with the contact angle of 

around 150 degrees. Time variation of the droplet shape was taken by a high-speed video camera and the degree 

of the change in shape of the droplet was evaluated by deformation rate obtained from the video image.  The 

horizontal deformation ratio was defined as a ratio of the length of the elongated droplet and the initial width of the 

droplet after placed calmly on the plate and the vertical deformation ratio was defined as the height of the shrunk 

one to the initial height. The deformation ratio manifest maximum at the resonant frequency. As viscosity of a water 

droplet is increased, deformation ratio was decreased.  

Under the tangential electric field, the regular movement from elongation and shrinking has little effect on the liquid 

flow inside the droplet, consequently stirring effect of the droplet was little. In order to induce the turbulent flow 

inside of the droplet, the vertical electric field was added to the horizontal field. Under the two-directional electric 

field, the deformation ratio increase significantly, since the vertical electric field act on the droplet elongation 

upward.  Furthermore, deformation rate at shrinking varies in time irregularly and the height of the droplet at the 

shrinking state varies from 1.2 to 1.8 times larger than that of the original droplet.   
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Session 2: Materials, powders and fluids 2 

 

O.04 Electrostatic adhesion of polymer particles to a shaken foil electrode 

L Ziteng, M Praeger, J Smallwood and P Lewin 

University of Southampton, UK 

The SPABRINK EU project requires temporary adhesion of coloured solid “ink” particles to a surface, for later 

recovery and reuse. This is achieved through the use of dielectrophoretic force to attach ink particles under the 

control of a voltage applied to an interdigitated electrode pattern on the polymer foil image carrying surface. One 

concern for the application of this technique is the ability to hold image patterns under vibration conditions that 

might occur in a practical display system. The strength of adhesion with variation of supply voltage is also 

important. 

In this paper we present an experimental study of the adhesion of 50-300μm polymer particles to an experimental 

interdigitated electrode structure on flexible polymer foil. The foil is subjected to a calibrated displacement as a 

simulation of severe vibration that could occur due to movement or impact to a display in the real world. Powder 

loss as a function of foil displacement is investigated. 

The variation of powder loss after vibration, as a function of applied voltage to the electrodes, is also presented. This 

is compared with theoretical results obtained by modeling adhesion using Pohl’s equation in terms of an “adhesion 

factor” presented in previous work. 

This project has received funding from the European Union’s Seventh Framework Programme for research, 

technological development and demonstration under grant agreement no 605299. 

[1] Smallwood J, Praeger M, Chippendale R, Lewin P. Dielectrophoretic adhesion of 50-300μm particles under 

ambient atmospheric conditions  

[2] Pohl H A. (1978) Dielectrophoresis. Cambridge University Press. ISBN 0 521 21657 5 
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O.05 Triboelectric charging of granular materials 

M A Bilici, J R Toth III, T Yagerlener, R M Sankaran and D J Lacks  

Case Western Reserve University, USA 

The triboelectric charging of granular materials has important consequences in many industrial processes and 

natural phenomena. The consequences can be beneficial, such as in the xerography process and spray-on coating 

processes, or deleterious, as when charged dust adheres to the surface of solar panels. The effects of triboelectric 

charging are especially significant for granular materials because (1) the particles have a large surface-to-volume 

ratio, and the charging is a surface effect; (2) the small mass of the particles makes them easily influenced by 

external electric fields (including fields created by their image charges in conductors); and (3) particle flow causes 

extensive contact occurs between the surfaces of the particles and other surfaces.  

But the experimental study of triboelectric charging is challenging. Flowing granular materials generally make two 

types of contacts – contact with other particles and contact with the walls of the container. These two types of 

contact can affect charging in different ways, and the resulting charging will be some unknown combination of the 

two effects. Also, since any contact with surfaces can lead to charging, the study has to be carried out in a way that 

contact with external surfaces is avoided – e.g., the particles cannot be scooped out for testing. Furthermore, the 

overall charge of the granular material is not meaningful, but rather the distribution of charge is most relevant – e.g., 

the particles could be highly charged both positively and negatively, such that the overall charge of the material is 

zero but the particles are nonetheless highly charged.  

We have developed a methodology to study electrostatic charging in granular materials, which overcomes these 

challenges and addresses charging due only to particle-particle contact. The granular material is fluidized in a 

fountain-like flow, such that the particles being fluidized contact only other particles and no container surfaces. A 

sampling of particles is then removed by transverse pulses of blown air, which removes some particles from the top 

of the fountain. These particles are blown between two oppositely charged plates, and the particles fall between the 

two plates and become separated by charge. A series of Faraday cups at the bottom measures the charge of the 

particles collected at different positions (corresponding to different charge per mass).  

We use our methodology to address the particle size dependence of the granular charging in the case of only 

particle-particle interactions. We find that there is a particle size dependence to the polarity of particle charge, in 

that large particles tend to charge to one polarity while small particles tend to charge to the other polarity; while 

previous work had also led to this conclusion, our methodology shows that the effect arises solely from particle-

particle interactions. We examine this effect in a range of granular materials, including oxide glasses and both 

hydrophilic and hydrophobic polymers, and examine how the type of material affects the direction of polarity. These 

experimental results are analysed in terms of recent theoretical models for charge transfer in granular materials. 
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O.06 Novel electrostatic separator for micronized mixtures of metals and plastics originating from waste electric and 

electronic equipment 

S Messal, R Corondan, I Chetan, R Ouiddir, K Medles and L Dascalescu 

Institut P’ – CNRS – Université de Poitiers – ENSMA, France 

Electrostatic separation is a method extensively employed in industry for processing mixtures of granules typically 

exceeding 1 mm in size [1].  However, very few electrostatic separators are capable of handling micronized mixtures 

of metals and plastics originating from waste electric and electronic equipment, the dimensions of which are in the 

order of 0.1 mm [2]. The aim of the present work is to validate the feasibility of the electrostatic separation of such 

particulate mixtures. The design of experiments methodology [3] is employed for modelling and optimisation of this 

multi-factorial process. The novel electrostatic separator is presented in figure 1. The metal particles get charged by 

electrostatic induction in contact with the grounded metal belt electrode. The plastics remain un-charged in the 

electric fields and are collected separately. The experiments were performed with 2-g samples of a mixture 

composed in equal proportions (50 % - 50 %) of Aluminium and Acrylonitrile Butadiene Styrene particles of 

average diameter ranging between 125 µm and 250 µm.  They enabled the evaluation of the effects and the 

interaction of two control variables of the process: the angle of inclination of the roll-type electrode and the high 

voltage applied to it. Both the purity and the recovery of the two products of the separation were higher than 80%. 

 

 

Figure 1: Photography of the electrostatic separator for micronized mixtures of metals and plastics; 1: Metallic belt 

conveyor (grounded electrode); 2: Rotating roll (high-voltage electrode); 3: Electric motor; 4: High-voltage power 

supplies (+/- 30 kV); 5: Variable speed controller; 6: Electric motor for belt conveyor drive; 7: Primary vibratory 

feeder; 8: Control unit of the primary vibratory feeder; 9: Secondary vibratory feeder; 10: Device for dispersing the 

particles on the surface of the belt. 

[1] L. Dascalescu, R. Morar, A. Iuga, A. Samuila, and V. Neamtu. "Electrostatic separation of insulating and 

conductive particles from granular mixes," Part. Sci. Technol. vol. 16, pp 25-42, 1998 

[2] A. Tilmatine, S Bendimered, F. Boukhoulda, K. Medles, and L. Dascalescu, "Electrostatic separators of 

particles. Application to plastic/metal, metal/metal and plastic/plastic mixtures," Waste Management, 

vol. 29, pp. 228–232, 2009 

[3] L. Eriksson, E. Johansson, N. Kettaneh-Wold, C. Wikström, and S. Wold, Design of Experiments. Principles 

and Applications, Learnways AB, Stockholm, 2000 
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O.07 Dust particles precipitation in AC electrostatic precipitator 

A Jaworek, A T Sobczyk, A Krupa, A Marchewicz, T Czech, T Antes, Ł Śliwiński, M Kurz, M Szudyga and W Rożnowski  

Institute of Fluid Flow Machinery, Polish Academy of Sciences, Poland 

Submicron and nanoparticles removal from flue or exhaust gases remain still a challenge for engineers. The most 

effective device used for gas cleaning in power plants or industry is electrostatic precipitator, but its collection 

efficiency steeply decreases for particles smaller than 1 micron. To solve this problem, wet electrostatic scrubbers, 

which use charged water droplets for nanoparticles precipitation, and electrostatic particle agglomerators have been 

developed. However, wet methods of gas cleaning have only limited range of applications, while particle 

agglomerators allowed only slight increase of collection efficiency of electrostatic precipitators in submicron size 

range. In order to increase the collection efficiency in this size range, AC electrostatic precipitator has been 

developed and presented in the paper. In this type of device, submicron particles flow between electrodes 

generating alternating electric field and simultaneously ionic current forming the space charge between them. In this 

type of electrostatic precipitator, the particles undergo oscillations due to periodically changed direction of the 

electric field, and coagulate due to various mobilities of particles of different size. The paper presents results of 

measurements of submicron particle collection efficiency by laboratory-scale AC electrostatic precipitator. For 

sufficiently high voltage applied to the electrodes, the collection efficiency can be over 90% in submicron size 

range. The measurements have been carried out for submicron magnesium oxides particles and fly ash from 

electrostatic precipitator of the size smaller than 5 μm.  
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O.08 Understanding electrostatic charge behaviour in aircraft fuel systems 

J A Ogilvy1, P Hooker2 and D Bennett2 

1Airbus Group Innovations, UK, 2Health and Safety Laboratory, UK 

This paper will present work on the simulation of electrostatic charge build-up and decay in aircraft fuel systems. A 

model (EC-Flow) has been developed by BAE Systems under contract to Airbus, to allow the user to assess the 

effects of changes in design or in refuel conditions. The principles behind the model will be outlined, together with 

predictions from the model.  

The model is based on electrical double layer (EDL) theory [1,2], and allows for a range of components in a fuel 

system, including metallic and non-metallic pipes, valves, filters, junctions, bends and orifices. We show how the 

model may be used to examine the primary sources of electrostatic charging, and to indicate methods to mitigate 

against unwanted charging.  

The model is GUI-based, and allows the user to visualise the components in the fuel system. The user is able to 

specify components, fuel properties and refuel parameters using drop-down menus. Figure 1 shows a hypothetical 

fuel line containing a range of components.  

 

A hypothetical fuel line used in the EC-Flow model to assess the effects of design changes or refuel conditions on 

electrostatic charging 

Comparisons of the model predictions against measurement data will also be presented. A purpose-built 

experimental rig was built at the Health and Safety Laboratory in Buxton, UK. The rig comprises a fuel delivery 

system, a test section where different components may be introduced into the system, and a Faraday Pail for 

measuring generated charge. Diagnostics include wall currents, charge densities and pressure losses. The paper will 

show how data from these, and other, diagnostics are useful to calibrate and validate the model.  

[1]  Abedian B and Sonin A A, ‘Electric Currents Generated by Turbulent Flows of Liquid Hydrocarbons in 

Smooth Pipes: Experiment vs Theory’, Chem Eng Sci, 41(12), 3183-3189, 1986 

[2]  Zmarzly D, ‘Streaming Electrification Current Model in a Round Pipe in Turbulent Regime’, IEEE Trans 

Dielectrics and Electrical Insulation, 20(5), 1497-1509, 2013 
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O.09 Charge transferred in brush discharges 

M Talarek1 and R Kacprzyk2 

1Institute of Mining Technology KOMAG, Poland, 2Wrocław University of Technology, Poland  

Electrostatics discharges from surfaces of plastic materials can be a source of ignition, when appear in explosive 

atmospheres. Incendivity of electrostatic discharges can be estimated using transferred charge test. Results of the 

tests, carried out for several types of plastic samples according to IEC 60079-32-2 Standard [1] were considered in 

the paper. In case of brush discharges not all the energy stored at the tested sample is released and the effective 

surface charge density (or equivalent voltage) crater is observed after the discharge [2]. 

Theoretical model, enabling calculation of a charge transferred during electrostatic brush discharge, was developed 

in the paper. The model was developed using following assumptions: 1) Discharge from the surface of a flat square 

sample placed on metal earthed plate, with constant electrical permittivity and thickness is considered; 2) Effective 

surface charge density before discharge occurrence is uniform; 3) Cone type distribution of effective surface charge 

density (“charge density crater”) occurs after the discharge. 

Transferred charge amount 𝑄𝑡𝑟  was calculated on the basis of a change of surface charge density in the “crater” 

region using (in the first approximation) expression: 

𝑄𝑡𝑟 =
𝜋

3
∙  ∆𝑞𝑆 ∙ 𝑅2 

where: 𝑅 - radius of the “crater” and Δ𝑞𝑆 – difference of the effective surface charge density before and after the 

discharge. Typical discharge crater, obtained for sample made of PTFE is presented in Fig. 1. 

 
Fig. 1. Equivalent voltage crater observed for PTFE sample after brush discharge 

Comparison of results obtained from the theoretical model and from direct measurements of transferred charge 

were presented in the paper, for several types of plastic samples. 

[1]  IEC 60079-32-2:2012 Explosive atmospheres – Part 32-2: Electrostatics hazards – Tests 

[2]  J.L. Davidson, T.J. Williams, A.G. Bailey: Electrostatic discharges between charged insulators and grounded 

spheres, Journal of Electrostatics 56 (2002) 29-42 
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O.10 Hazard assessment of high speed slurry blending using computer modelling of electric fields and potentials 

I D Pavey 

Chilworth Technology, UK 

The current international guidance on control of electrostatic hazards (IEC/TS 60079-32-1 [1]), like its 

predecessors of more than 20 years, advises that suitable control measures for restricting charge generation in 

stirring or agitating operations would be: to limit the agitator power (with 0.37 kW.m-3 cited); to avoid a second 

immiscible phase, and/or; to use a high conductivity (>104 pS.m-1) continuous phase. Furthermore, there is much 

anecdotal and seriously investigated evidence that deviating from these guidelines can lead to visible discharges 

across the surface of liquids in vessels, often resulting in fires or explosions. 

On the face of it, therefore, preparing a slurry of solid particles in a medium conductivity liquid using a high speed 

agitator (11 kW.m-3) in the presence of a flammable atmosphere could not be recommended.  Indeed, the usual 

advice would be to either change the process, change the materials or inert the vessel headspace to remove the 

flammable atmosphere. 

However, IEC/TS 60079-32-1 also advises that: “Computer modelling of potential and electrical field distribution 

based on the measurement of resistances, charge to mass and/or space charge densities may be very helpful in 

risk assessments when handling liquids or powders”, although no further details or guidance are offered.  

Nevertheless, this paper describes in some detail the use of this approach as a means of hazard assessment for the 

specific situation referred to above. 

The paper describes how through a series of theoretical and experimental validation trials confidence in the 

modelling software was gained.  Ultimately it shows how a combination of lab-scale measurements, full-scale 

measurements and modelling of both scales, led to a confident conclusion that an incendive discharge in the full 

scale blender could be considered so unlikely that, provided all other potential ignition sources had also been 

appropriately addressed, inerting or other protective measures would not be required.    

[1] IEC/TS 60079-32-1:2013: “Explosive atmospheres - Electrostatic hazards - Guidance”, IEC. 
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O.11 Charge generation associated with liquid spraying in tank cleaning and comparable processes - preliminary 

experiments 

C Blum1 and O F J Losert2  

1DEKRA EXAM GmbH, Germany, 2BG RCI, Germany 

In Germany the technical guidelines of TRBS 2153 [1] regulate avoiding ignition hazards resulting from electrostatic 

charging. This document was established and is updated by the DGUV under the direction of the BG RCI. 

Many industries, e. g. chemical, pharmaceutical, petrochemical, and food industry, employ processes in which 

liquids are sprayed. Therefore those responsible must assess the danger of ignition by electrostatic discharges. In 

marked contrast to this requirement the guidance given by TRBS 2153 is scarce. One example is the maximum 

pressure that is still acceptable when cleaning containers with different solvents in order to avoid dangerous 

charging. The lack of clear guidance is due to limited experimental data for the actual conditions that result in 

hazardous charging. For the existing statutory provisions it is not known how far the “safe range” of parameters is 

apart from dangerous conditions. 

This is the reason why BG RCI has decided to initiate investigations in order to improve the data basis for assessing 

the ignition hazard by electrostatic charging processes associated with the spraying of liquids. Two objectives of the 

preliminary experiments are presented here. First we establish procedures for measurements in the presence of 

aerosol particles, which is essential prior to quantitative investigations. Secondly, we target the most critical 

parameters among the many that impact charge generation in technical applications. 

The tests were performed by spraying industrial and purified water with a commercial high pressure cleaner (Type 

HD9/50-4, Kärcher) through the manhole into a modified cylindrical stainless steel 1m³-IBC. The outlet valve was 

left open while spraying and the water was collected in an isolated container (not shown in the experimental setup, 

figure 1). The electrical field strength was measured with a field meter (Typ JCI 131, JCI Chilworth), respectively the 

temporal progress of charge accumulation on the wall with a charge amplifier (Type 5011B, Kistler). 

Figure 1:  

 

We present our results for a variety of nozzle types, different pressures, and with or without built-in deflecting plate. 

Both, the measurements of the electric field strength and the measurements of the charging current are suited to 

monitor the charge generated in the spraying process. The project was headed by Dr. Blum, DEKRA EXAM GmbH. 

Technical support, esp. the modified container, was provided by Merck KGaA, Darmstadt/Germany.  

[1]  TRBS 2153 “Vermeiden von Zündgefahren infolge elektrostatischer Aufladungen” 2009  
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O.12 Electrostatic ignition hazards associated with dissipative dust filters 

M Glor, S Forestier and P Meier 

Swissi Process Safety GmbH, Switzerland 

In the relevant guidelines to avoid ignition hazards due to static electricity (TRBS 2153 and TS IEC60079-32-1) the 

use of dissipative filter media in dust separators is strongly recommended, as soon as the minimum ignition energy 

of the powder is below 3 mJ and/or hybrid mixtures cannot be excluded. The dissipative properties of textile filter 

media are usually determined according to the standards DIN 54345-5 (Elektrostatisches Verhalten: Bestimmung 

des elektrischen Widerstandes von Streifen aus textilen Flächengebilden (Juli 1985)) or according to DIN EN 1149-

Teil 1: Schutzkleidung - Prüfverfahren für die Messung des Oberflächenwiderstandes. 

In the first case the resistance between two metal electrodes of length 50 mm and variable distance between 10 

and 300 mm put on top of the textile filter media is measured. In the second case the resistance between to 

concentric circular electrodes with a gap of about 10 mm put on top of the textile filter media is measured. In both 

cases the homogeneity of electrical conduction through the whole filter media with a large contact surface of the 

electrodes with the filter media is determined. 

Most dissipative or conductive filter media are made dissipative or conductive by incorporation of very thin metal or 

graphite filaments. Due to the large contact area of the electrodes in the test arrangements the electrostatic 

charging current flows to earth along a huge number of conductive filaments as explained above. Based on new 

investigations [1] the charging current density due to contact and separation of powder particles in pneumatic 

transfer systems and dust separators may reach 1 mA/m2. 

If in a filter assembly the charging current generated over the whole separating surface is lead to earth through a few 

small contact points, a high current will flow through a few very thin conductive filaments, which then may begin to 

glow. This phenomenon was observed in a process of pharmaceutical production in as dust separator. Fortunately 

this phenomenon was observed before leading to a dust explosion. 

To prevent such phenomena the density of the conductive filaments in the filter media must be high enough. In the 

paper an appropriate procedure for testing the requirements for a high enough conductive filament density to 

prevent such phenomena is described. 

[1]  W.Fath, C.Blum, M.Glor and C.-D.Walther, Electrostatic ignition hazards due to pneumatic transport of 

flammable powders through insulating or dissipative tubes and hoses - New experiments and calculations, 

Journal of Electrostatics 71 (2013) 377-382 
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O.13 Effects of magnetic fields during high voltage live-line maintenance 

G Göcsei, I Kiss and B Németh 

Budapest University of Technology and Economics, Hungary 

In case of transmission and distribution networks, extra low frequency (typically 50 or 60 Hz) electric and magnetic 

fields have to be taken into consideration separately from each other. Both of them have several health effects 

above their limits defined by International Commission on Non-Ionizing Radiation Protection (ICNIRP) and applied in 

the whole territory of the European Union. 

Magnetic fields are qualified as possibly carcinogenic to humans (category “2B”) by WHO’s cancer research 

institute, International Agency for Research on Cancer (IARC), so it is essential to protect the workers against their 

harmful effects. 

During live-line maintenance (LLM) electric fields can be shielded effectively by different kinds of conductive 

clothing, which are enclosed metal surfaces acting as a Faraday-cage. Inside them electric field from outer source is 

theoretically zero. In practice laboratory measurements also prove their efficiency, the required shielding ratio is 

above 99% by the related standard. 

From the aspect of magnetic fields, the issues regarding to the proper protection are more complex. A set of 

measurement executed in the High Voltage Laboratory of Budapest University of Technology and Economics has 

proved that regular conductive clothing used against the electric fields cannot shield the magnetic fields effectively 

at all. 

The topic is up-to date, practical and important: live-line maintenance – including high voltage LLM – is widely 

applied because of its technical and economic benefits. In many cases critical transmission lines with high current 

loads are maintained in their energized state. High currents induce high magnetic flux densities and also high 

magnetic fields – often above the current limits – especially in the vicinity of the conductors. The safety of the 

workers is always essential and has to be handled as a first priority during any kinds of works. 

This paper introduces the possible risks of LLM from the aspect of the health effects of magnetic fields. Although in 

this case the principle of shielding of electric fields cannot been applied, new considerations in equipment design 

and technology can be used as possible solutions. 

Calculations and simulations based on the data of the Hungarian transmission network – which represents the 

European grid as a part of ENTSO-E – and high-current laboratory measurement results also prove the importance of 

the topic. 
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O.14 (invited) Atmospheric-pressure ionization processes: New approaches and applications for plasmas in contact 

with liquids 

D B Go 

University of Notre Dame, USA 

Historically, stable gas discharge formation has required vacuum pressures to prevent runaway ionization and 

sparks. However, recent developments in the past several decades have opened up new approaches to 

atmospheric-pressure plasmas that have given rise to unique applications. For example, low-temperature plasmas 

at atmospheric pressure can now be brought into contact with non-traditional substrates ranging from biological 

tissue to water for emerging applications in wound healing, water purification, and chemical analysis. This talk will 

discuss the formation of stable atmospheric-pressure microplasmas in contact in liquids, as shown in Fig. 1, using a 

“plasma electrochemical” cell. Similar to an electrochemical cell, this configuration consists of a submerged anode 

in a liquid electrolyte, but the cathode consists of a microplasma jet formed at the surface of the liquid. The circuit is 

completed as electrons are driven from the gas discharge in the microplasma into the liquid. In this configuration, 

interesting electron-driven chemistry will occur at the plasma-liquid interface where electrons stably solvate in the 

liquid and then quickly reduce other constituents. 

However, these electron-driven reactions are often in competition with other chemistry that occurs at the plasma-

liquid interface, such as the dissolution of plasma species into the liquid. This talk will overview plasma 

electrochemistry and recent efforts to understand the role of electron-driven chemistry. A novel total internal 

reflection absorption spectroscopy experiment that directly detects solvated electron species at the interface [1] will 

be discussed in light of complementary experiments that measure bulk liquid-phase chemistry and processes [2,3]. 

New applications of plasma electrochemistry for nanomaterials synthesis will also be overviewed. 

 

Fig. 1. An atmospheric-pressure microplasma jet formed at the surface of an aqueous solution. 

[1]  Rumbach, P.; Bartels, D.M.; Sankaran, R.M.; Go, D.B., 2014, “The solvation of electrons by an atmospheric 

pressure plasma”, – submitted. 

[2]  Witzke, M.; Rumbach, P.; Go, D.B.; Sankaran, R.M., 2012, “Evidence for the electrolysis of water by 

plasmas formed at the surface of aqueous solutions”, Journal of Physics D: Applied Physics, 45:442001. 

[3]  Rumbach, P.; Witzke, M.; Sankaran, R.M.; Go, D.B., 2013, “Decoupling interfacial reactions between 

plasmas and liquids: Charge transfer vs. plasma neutral reactions”, Journal of the American Chemical 

Society, 135:16264-16267. 

[4]  Rumbach, P.; Griggs, N.; Sankaran, R.M.; Go, D.B., 2014, “Visualization of electrolytic reactions at a 

plasma-liquid interface”, IEEE Transactions on Plasma Science, 42:2610-2611. 
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O.15 Reduction of NOx and PM in marine diesel engine exhaust gas using microwave plasma 

W Balachandran, N Manivannan, R Beleca and M Abbod 

Brunel University London, UK 

Abatement of NOx and particulate matters (PM) of marine diesel exhaust gas using microwave (MW) non-thermal 

plasma is presented in this paper. NOx mainly consist of NO and less amount of NO2 in a typical two stoke marine 

diesel engine and microwave plasma generation can completely remove NO. Microwave plasma was generated 

using two 2kW microwave sources and a saw tooth passive electrode. Passive electrode was used to generate high 

electric field region within microwave environment where high energetic electrons (1-3eV) are produced for the 

generation of Non-Thermal Plasma (NTP). 2kW gen-set diesel exhaust gas was used to test our pilot-scale 

microwave plasma reactor. The experimental results show that almost 100% removal of NO is possible for the 

exhaust gas flow rate of 60l/s and a typical result obtained is shown in Fig. 1(a). The gas measurements were 

performed using Testo 350 gas analyser.  

It was also shown that MW can significantly remove soot particles (PM, 10nm to 365nm) entrained in the exhaust 

gas as shown in Fig. 1(b). PM measurements were performed using TSI NanoScan SMPS PM Analyser (Model 

3910). MW without generating plasma showed reduction up to 50% reduction of PM and with the plasma up to 

90% reduction. The precipitation of the particles is due to the distribution of electric field within the reactor 

generated by the MW. When the plasma is formed the ionisation of the gas molecules enhanced the electric field as 

a consequence the particles removal efficiency increased significantly. The PM removal test was performed for the 

exhaust gas form 200kW marine diesel engine with 40% engine load and gas flow rate of 130l/s. It was also 

observed that the PM removal was very efficient for smaller sized particles (10-50nm) that the larger ones. The 

major challenge in these experiments was that igniting the desired plasma and sustaining it with passive electrodes 

for longer period (10s of minutes) as it requires fine tuning of electrode position, which was influenced by many 

factors such as gas flow rate and MW power supplied. 

 

(a)        (b) 

Fig. 1: A typical NOx and PM removal with microwave plasma 
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O.16 Electrical and mechanical characteristics of nanosecond pulsed sliding dielectric barrier discharges with 

different electrode gaps 

K D Bayoda, N Benard and E Moreau 

Institut P’ – CNRS – Université de Poitiers – ENSMA, France 

Flow control by non-thermal plasma discharge emerged as an alternative to mechanichal systems. Dielectric Barrier 

Discharges (DBD) supplied by ac sine high voltage are frequently used to produce a localized electrohydrodynamic 

force that can interact with the incoming flow. Currently, nanosecond pulsed DBD (NS-DBD) based plasma 

actuators are investigated to replace ac surface discharge for turbulent flow control. With this type of discharge, the 

pressure wave generated by the fast thermalization of the air located close to the dielectric wall seems to be at the 

origin of the flow manipulation. However, the extension of a NS-DBD based on a two-electrode geometry is limited 

to about 15 mm. To overcome the limited actuation region, plasma sheet actuators based on three electrodes have 

been developed at University of Poitiers. This actuator configuration generates a sliding discharge (SL-DBD) which 

can cover a larger area, depending on the gap between both air-exposed electrodes. Indeed, adding a counter 

electrode allows drifting the electrical charges. Therefore the plasma layer can cover the whole inter electrode gap 

[1].  

The present study proposes a characterization of the SL-DBD using a plasma actuator in a three-electrode geometry 

(see Figure 1-a). One of the goals of this investigation is to define the electrical conditions required to establish a 

full scale sliding discharge for different electrode gaps. It has been shown that a minimum of 6.5 kV/cm of mean 

surface electric field between both air-exposed electrodes is necessary. In addition, iCCD images of the plasma 

developing at the dielectric surface (Figure 1-b-c) reveal that the morphology and the intensity of the ionized 

channels depend on the electrode gap. Furthermore, Schlieren visualizations of the pressure wave induced by the 

nanosecond sliding discharge is reported. Finally, the pressure magnitude (several hundred of Pascal) is measured 

using a high dynamic pressure probe with a response time less than 2 μs. 

   

Figure 1: Sliding discharge actuator design (a), top view images of the discharge established at the dielectric 

surface for different gaps (b and c) 

[1]  Bayoda KD, Benard N, Moreau E, “Recent developments in nanosecond pulsed sliding discharge for airflow 

control”, Proc. Gaz Discharge 2014, july 2014, Orléans, France 
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O.17 Evaluation of the time-resolved EHD force by particle image velocimetry – a parametric study 

N Benard, M Caron and E Moreau 

Institut P’ – CNRS – Université de Poitiers – ENSMA, France 

Surface plasma discharges find several applications in aerodynamic due to their capability to produce a local flow 

at the dielectric wall [1]. The velocity of the electric wind is quite small compared to the velocity measured around 

aerodynamic objects but due the fast response of the electro-mechanical conversion, the unsteady behavior of the 

electric wind can be easily modified and adjusted to the targeted application. Lot of studies aimed at improving the 

mean flow velocity produced by dielectric barrier discharges (DBD), the most used configuration for flow control 

applications. A first step before any optimization is a deep understanding of the mechanisms of EHD force 

production at the origin of the produced electric wind. The present study proposes a methodology to estimate the 

EHD force by using velocity information. The time-resolved velocity is measured by particle image velocimetry. The 

velocity fields are determined with a spatial resolution of 120 µm and a temporal resolution of 25 µs. The test matrix 

covers a variety of voltage amplitudes (from 12 up to 20 kV) as well as different ac frequencies (100 to 2000 Hz). 

By reversing the Navier-Stokes equations, an estimation of the EHD force can be obtained [2]. Here, this method is 

used for the first time in a parametric study. The first results confirm that the EHD force increase in space and 

amplitude for increasing voltage (Figure 1, left plot). In addition, EHD force measurements by a balance are 

conducted. It is shown that both approaches lead to a similar behavior when the voltage amplitude is increased 

(Figure 1, right plot). Despite of a small difference between both methods caused by a parasitic drag force in 

balance measurements, the good agreement between both approaches validates the computed results. The 

proposed paper will discuss the influence of voltage amplitude and ac frequency on the mean produced EHD force 

but also on the time-dependent behavior of a single DBD used in context of flow control.  

       

Figure 1 : Spatial distribution of the mean EHD body force for varying voltage amplitude (left plot) and mean EHD 

force vs voltage compared to measurements by load cells (right plot). 

Work supported by the French ANR program and DGA under reference ANR-13-ASTR-0005. 

[1] Benard N., and Moreau E., Experiments in Fluids, Vol. 55, 2014 

[2] Benard N., and Moreau E., J Phys D Appl Phys, Vol. 46:245201, 2013 
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O.18 CO2 reduction system using adsorption followed by nonthermal plasma treatment 

K Nakajima, K Takahashi, M Tanaka, T Kuroki and M Okubo  

Osaka Prefecture University, Japan 

In recent years, global warming has become a world-wide problem. Carbon dioxide (CO2) is main substances for 

global warming and its emission should be reduced. However, the proposed CO2 removal technologies such as a 

chemical adsorption technology using aqueous alkanolamine solutions require large cost. Therefore, the CO2 

treatment technology of low cost and high efficiency is required. One of the promising technology is the conversion 

of CO2 to CO by nonthermal plasma treatment [1], because CO is used as fuel for combustion engines. 

In this study, CO2 reduction treatment system using an adsorbent and nonthermal plasma flow is investigated. This 

system comprises a physical adsorption process and nitrogen (N2) plasma reduction process. In physical 

adsorption process, CO2 is adsorbed by the adsorbent. In N2 plasma reduction process, adsorbed CO2 is reduced to 

CO by nonthermal plasma flow which is generated by a plasma reactor with circulating N2 flow. The generated CO 

can be reused as a fuel. We develop a highly efficient CO2 reduction treatment system using an adsorbent and a 

nonthermal plasma flow in the laboratory scale. The plasma reactor consists of twelve surface discharge elements 

which are energized by a 10 kHz bipolar pulsed high voltage power supply. As the adsorbent, the molecular sieve, 

zeorite 13X (APG-III) is used, and it is placed in the downstream of the plasma reactor. In physical adsorption 

process, 9.95% CO2 gas with a flow rate of 10 L/min is prepared by a 99.5% CO2/N2 cylinder and an air cylinder, 

and then it is introduced into the experimental apparatus and CO2 is adsorbed by the adsorbent. After the 

adsorption process, the flow channel in the apparatus is purged with N2. In N2 plasma reduction process, the 

circulation flow channel is set and then the N2 plasma flow is generated with the plasma reactor and a blower. By N2 

plasma flow, CO2 adsorbed by an adsorbent is desorbed and reduced to CO.  

Fig.1 shows CO and CO2 concentrations as a function of the treatment time in N2 plasma reduction process. The 

number of repetition of experiments is 4. CO concentration reaches approximately 1% regardless of the number of 

experiments, whereas CO2 concentration is varied between 3% to 5%. More than 16% of the conversion efficiency 

of desorbed CO2 to CO is obtained. 

 
Fig.1 CO, CO2 concentrations in nitrogen plasma reduction process 

[1]  L. F. Spencer, A. D. Gallimore, “Efficiency of CO2 Dissociation in a Radio-Frequency Discharge”, Plasma 

Chem. Plasma Process (2011) 31:79-89 
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O.19 Footwear and flooring: charge generation in combination with a person as influenced by environmental 

moisture 

D E Swenson 

Affinity Static Centre Consulting LLC, USA 

It is well known that the interaction of a person walking on a floor will liberate electrostatic charge. The amount of 

charge that can be accumulated on a person by walking is dependent on many factors that are also well 

understood. Among these factors is the electrical resistance between a person and ground. The electrical resistance 

of footwear, other clothing, a person’s skin resistance and the contact resistance between footwear and the floor 

impact the total resistance of the system. As important as resistance may be as an evaluation method, it does not 

take into account triboelectrification. The recent revisions of ANSI/ESD S20.20 from the ESD Association and 

IEC61340-5-1 from IEC TC101 – Electrostatics, both include a dynamic walking test since experience in recent 

years has shown that resistance alone does not predict how a footwear and flooring system will actually perform.   

The USA group ASHRAE [1] commissioned a study to evaluate electrostatic charge generation inside data centers 

as influenced by environmental moisture (relative and absolute humidity). The reason for this study is that data 

center operating guidelines call for a very narrow range of temperature and humidity control, largely because of the 

anecdotal evidence that moderate to high RH impacts static electricity generation and accumulation. This results in 

a massive consumption of electricity. Broadening or eliminating humidity controls could result in a major saving of 

electricity and money. Eighteen (18) different floors, multiple shoe types and environmental conditions from dew 

points of -12°C to 18°C were evaluated using the walking voltage test procedure described in ANSI/ESD STM97.2 

[2]. Thousands of data points were collected in this study. Of importance for this paper is the comparison of 

footwear and flooring systems as influenced by the moisture content in the environment. An example of the results 

is shown in the chart below: 

 

The presentation paper will show a large amount of data related to charge generation and accumulation as 

influenced by the moisture content of the air. The paper will also show the importance of understanding the actual 
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moisture content of the air and not just relative humidity. Also, evidence will be presented to show that moderate 

levels of moisture may actually allow higher charge generation and accumulation than low moisture content with 

some types of materials. While this phenomenon has been reported before in some triboelectric studies, being able 

to use the information to reduce humidity requirements in a data center could have a significant impact on electrical 

consumption globally.   

[1] American Society of Heating, Refrigeration and Air Conditioning Engineers, 1791 Tullie Circle NE, Atlanta, 

GA 30329 USA, +404/636-8400, www.ashrae.org  

[2] ESD Association Standard Test Method – Walking Voltage in Combination with a Person, ESD Association, 

7900 Turin Road, Building 3, Rome, NY, USA 13440 +315-339-6937, www.esda.org   
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O.20 Measurement of the electric potential at the surface of non-uniformly charged polypropylene nonwoven media 

A Fatihou, N Zouzou, G Iuga and L Dascalescu 

Institut P’ – CNRS – Université de Poitiers – ENSMA, France 

Electrostatic charging enhances the collection efficiency of nonwoven fibrous media employed as air filters. Surface 

potential decay measurement is a standard technique for the characterization of such media with respect to their 

ability to preserve the electric charge. The aim of this paper is to establish the conditions in which an electrostatic 

voltmeter can be employed for mapping the surface potential at the surface of these media that are characterized 

by a non-uniform charge distribution. The experiments on polypropylene (PP) non-woven media (thickness: 0.4 mm; 

fiber diameter: 20 µm) were performed in ambient air. The samples were exposed to positive corona in a triode type 

electrode system, which allowed the control of surface potential and discharge energy (Fig. 1). The acquisition and 

processing of data were performed using a virtual instrument (USB NI 6009). A carrier attached to a conveyor belt 

transferred the samples under the capacitive probe (TREK, model 3451) of an electrostatic voltmeter (TREK, model 

341B). The surface potential was first measured by successively positioning the probe in front of a series of points 

distanced by 5 mm from each other and performing the data acquisition for 1 s. Then, the measurement was 

performed in the same points at various relative velocities between the sample and the probe, and for various data 

acquisition frequencies. The higher the velocity and the lower the frequency, the larger is the deviation between the 

values measured in the stationary and moving conditions. From these experiments, it can be concluded that the 

measurement of the potential at the surface of a non-uniformly charged media cannot be accurately performed with 

the sample in motion.  

 

Figure 1. Experimental setup for corona-charging of PP non-woven fabrics and measurement of the electric potential 

at their surface. 

[1]  B. Łowkis and E. Motyl, “Electret properties of polypropylene fabrics”, J. Electrostatics, vol. 51(52), pp. 

232-238, 2001 

[2]  P. Molinié, P. Llovera, “New methodology for surface potential decay measurements: application to study 

charge injection dynamics on polypropylene films”, IEEE Trans. Dielectrics and Electrical Insulation, vol. 

11, pp. 1049-1056, 2004 

[3]  B. Tabti, M. Mekideche, M. Plopeanu, L. M. Dumitran, L. Herous, and L. Dascalescu, “Corona Charging and 

Charge Decay Characteristics of Non-woven Filter Media”, IEEE Trans. Industry Applications, vol. 46, no. 2, 

pp. 634 – 640, 2010 
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O.21 Techniques for investigating the effects of ESD on electronic equipment 

D C Smith 

University of Oxford, UK 

During the course of determining the mechanism by which electrostatic discharge affects electronic equipment, the 

process is complicated by the fact that the energy of the ESD event is dispersed across the whole of the electronic 

system and its connections. This makes it difficult to determine the exact cause of any malfunction or effect on 

system operation. In recent years, there have been commercial devices that automatically apply high frequency 

energy or measure its distribution across printed circuit boards. Although useful, these methods generally require 

the circuit board under question to be removed from the system and operated in the open where the automated 

equipment can gain access to the board. The effects of the system enclosure and cables can often not be 

determined with this method. 

A collection of methods, whereby the effects of ESD on electronic equipment and potentially other objects can be 

determined, is presented. These methods narrow down the part of the system affected by ESD applying E and H 

field stresses locally in the system. Although the applied stresses are not ESD they model the local effects of ESD 

within the system. 

Some of the localized stresses described are: 

1. Application of hi-pass and low pass filtering to the ESD waveform from a simulator is used to determine the 

frequency components of ESD that are important to the operation of a system. 

2. Capacitively coupling E fields to internal and external system cables as well as small areas of a circuit 

board is used to narrow down where E field coupling is important 

3. Inductive coupling of H fields using magnetic field probes to localized parts of the system to determine 

which parts of a system are thus affected. The optimum wave shape of the current furnished to a magnetic 

probe is discussed (fast risetime, a few nanoseconds, with slow fall time, several tens of nanoseconds) and 

why this wave shape is the best to use and the type of pulse generator that is required. 

4. Use of current probes as injection probes for investigating the sensitivity of internal system cables is also 

discussed as well as why this approach does not work in general for external cables. 

5. Using magnetic loops to determine the areas of the system containing fields from the ESD that may be able 

to corrupt signals. 

Characterization of the effects of ESD on a system and determining any remediation, if required, often helps with 

other system problems due to radio frequency sources. The relationship between ESD induced system problems 

and RF source induced system problems is discussed, showing the close correlation that often results. 

Some of the techniques listed above can also be used to further research into characteristics of ESD in general. This 

topic is also discussed. 
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O.22 Uncertainty of potential measurements of Q-constant objects 

R Kacprzyk 

Wroclaw University of Technology, Poland 

Most of objects which appear in Applied Electrostatics can be considered as “constant charge objects” (Q-constant 

objects). Assessment of the object’s state can be carried out on a basis of potential measurements results. Potential 

value of the particular object may characterize both, the quality of particular technology process (e.g. equivalent 

voltage of dielectric web electrified by dc corona) as well as ESD ignition hazards ( e.g. ESD discharges from 

insulated conducting elements in technological installations). Q-constant objects exhibit extremely high internal 

resistance. That is why potential or voltage measurements of such objects are usually curried out using non-contact 

methods. Generally, two groups of potential measurements are used, namely: “direct methods” and “compensation 

methods”. In case of “direct methods”, “sensitive surface” of the particular voltmeter (or voltmeter probe) is on earth 

(or close to earth) potential. In case of compensation methods, the electric field value in space between the 

voltmeter (probe) and the object is kept equal to (or close to) zero. One can show, that application of both of 

mentioned methods changes equivalent capacitance of the measured objects [1]. Effect of (object’s) capacitance 

increase in case of application of a direct method is well known, but the effect of capacitance decrease, appearing 

in case of  application of compensation methods is generally not considered. This way, application of two certified 

(compared to national standards) non-contact voltmeters, operating in different measuring systems 

(direct/compensation), allow to get voltage measurement results which can differ each other, in some cases – 2 

times!  

The paper describe basic differences which appear between the mentioned methods, from the point of view of 

equivalent capacitance of the whole electrostatic system (object – meter), energy stored in the system as well as 

simplified methods of non-disturbed potential value calculation. In case of “direct methods” (measurements in the 

air) capacitance increase CM of the whole system (due to a voltmeter approaching to the conducting and well 

insulated object) can be described by a well known and simplified expression: 

l

S
C F

M
0  

where 𝜀0 – electrical permittivity of the free space, 𝑆F – part of the total object’s surface 𝑆, “seen” by the voltmeter 

(probe) being on the earth potential, 𝑙 – distance between object and voltmeter.  

In case of “compensation methods” (measurements in the air) capacitance decrease 𝐶C of the whole system 

(object-meter) can be described by a simplified expression: 

S

S
CC F

C 0  

where 𝐶0 – own capacitance of the object in non-disturbed state.  

[1] R. Kacprzyk, IEEE Trans. On Diel and El. Insul., v. 19, no. 1 (2012), p. 134 – 139 
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O.23 Simultaneous measurement of particle charge, distance and size using coaxial induction probe 

M Murtomaa and J Salonen 

University of Turku, Finland 

A novel probe for charge measurements was simulated, designed and tested. It consisted of two coaxial induction 

probes which were grounded via a current sensing circuit. Inner probe had a diameter of 2 mm. It was separated 

from outer probe by 2 mm thick insulator. Outer electrode was cylindrical and its thickness was 2 mm. Outer probe 

was again surrounded with an insulator. The probe was attached to a grounded steel pipe (inner diameter 35 mm). 

When a charged object passed the probe, both current signals were simultaneously recorded. Higher current was 

induced to the outer probe because its area was larger. Bipolar current signals were then integrated and gaussian 

peak functions were fitted to the signals. Peak amplitudes and widths were transferred for further processing. 

According to simulations performed with Comsol Multiphysics, changes in peak parameters can be attributed to 

particle properties. General trends of peak parameters as a function of particle parameters are presented in Table I. 

Table I. General trends of changes of peak parameters as particle properties are increased. For example, when 

particle size increases, signal amplitude decreases. 

 increasing particle properties 

 particle size particle charge particle distance 

amplitude decreases increases decreases 

amplitude ratio increases constant increases 

width increases constant increases 

width ratio decreases constant decreases 

Signal collection and data processing were performed using LabVIEW. The first parameter to be calculated was the 

distance which was obtained from the amplitude ratio and peak width. Then, particle size was calculated using peak 

width and previously measured distance. Finally, the charge was calculated using the distance and the amplitude.  

The probe was calibrated with induction charged water droplets and a Faraday pail. Also, different sized polymer 

particles, which were charged by friction, were tested.  

Results showed that the system was able to measure particle size, distance from the probe and charge. Results 

were most reliable with induction charged water droplets (constant diameter of 3.5 mm). Variability was larger with 

polymer particles due to uneven surface charge density. Reliability increases with increasing number of particles. At 

the present, the probe gives reliable results only when the speed of the passing particles remains constant. This 

problem will be resolved in near future. 
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O.24 Importance of the substrate nature to preserve microorganisms’ cultivability in electrostatic air samplers 

J-M Roux, A Rongier and D Jary 

CEA, France 

Recent research shows that electrostatic precipitation is an efficient and gentle method to collect airborne 

microorganisms and preserve their cultivability [2]. However, the corona discharge used to charge the particles and 

the high electric field used to capture them are known to have a germicidal effect. For instance, the atmospheric 

point-to-plane corona discharge can be used either to collect airborne particles on a culture medium with the 

purpose to keep bioagents alive [3] or to sterilize a culture medium [1]. 

The present paper investigates this paradoxical situation. Vegetative cells of Escherichia coli and Bacillus subtilis 

and spores of Aspergillus fumigatus and Bacillus subtilis were deposited on different media: culturing plates and 

stainless steel plates. Next they were then subjected to an atmospheric point-to-plane corona discharge of different 

strengths and polarities for controlled time periods. Afterwards cells deposited on the stainless steel plates were 

transferred to appropriate culturing plates. All experiments on microorganisms were carried out twice. The 

experimental method is summarized schematically on Figure 1. 

 

Fig. 1: Schematic representation of the experimental methods: left, process with culturing plates; right, process with 

stainless steel plates. 

It appears that vegetative cells are inactivated on cultivation agar plates, but they remain cultivable when exposed 

on a stainless steel electrode and transferred afterwards onto agar plates. For the investigated conditions, spores 

were not affected by the corona discharge. Further experiments with culturing plates made with a pH indicator show 

that chemical reactions occur when an aqueous media is exposed to the discharge. It is therefore highlighted that 

collecting electrodes in electrostatic air samplers should rather be dry conductive media.  

[1] Julák, J., Kriha, V., Scholtz, V. (2006). Corona discharge: A simple method of its generation and study of its 

bactericidal properties, Czechoslovak Journal of Physics, 56, 1333–1338 

[2] Roux, J.M., Kaspari, O., Heinrich, R., Hanschmann N., Grunow, R. (2013). Investigation of a New 

Electrostatic Sampler for Concentrating Biological and Non-Biological Aerosol Particles, Aerosol Science 

and Technology, 47(5), 463-471 

[3] Sillanpää, M., Geller, M.D., Phuleria, H.C., Sioutas, C. (2008). High collection efficiency electrostatic 

precipitator for in vitro cell exposure to concentrated ambient particulate matter (PM), Journal of Aerosol 

Science, 39, 335 – 347 
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O.25 (invited) ESD in industry - present and future 

J Smallwood 

Electrostatic Solutions Ltd., UK 

ElectroStatic Discharge (ESD) has been a recognized source of damage to unprotected electronic components and 

assemblies in electronic system manufacture since around 1980. Since then, manufacturers handling ESD 

Sensitive components (ESDS) have set up ESD Protected Areas (EPAs) for the purpose, and a whole industry has 

grown around the provision of ESD control equipment. Several generations of development have culminated in 

internationally recognized ESD control standards supported by standard test methods and procedures. At the same 

time, development of ESDS device onchip protection has continued apace. 

ElectroStatic Attraction (ESA) has long been a problem for the semiconductor device manufacturers. More recently it 

has become an issue for manufacturers of displays. 

Alongside this, there is the question of the effects of ESD on operating electronic systems. This can result in system 

crash, malfunction or data corruption. ESD susceptibility of this type form part of the tests required under EMC 

directive, and immunity to ESD is therefore one of the concerns of the system designer. 

So are we now in the situation where ESD control is mature and has few challenges? What are the trends in ESDS 

component sensitivity, and how is the balance between the provision of on-chip protection and the need for ESD 

control in EPAs developing into the future? Is ESD protection well understood by those in industry who have to 

implement it? What, if any, is the relationship between component and system ESD susceptibilities? Are there any 

questions left to be answered in ESD related research? 

This paper reviews the field of electrostatics and ESD as it currently affects the electronics industry, discusses and 

attempts to answer these questions. It examines whether practices developed in the electronics industry may be 

transferrable to other industry areas where reliable and effective electrostatic control is required. 
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O.26 Charge neutralisation from the side surface of an insulating plate 

A Ohsawa 

National Institute of Occupational Safety and Health, Japan  

The placement of an ioniser is generally on a larger area surface of charged insulating objects to be neutralised. 

However, the motion of ions near the objects is influenced by not only charges on the front side surface but also 

charges on the opposite side when the objects are thin, a phenomenon which was demonstrated by 2-D 

electrohydrodynamic simulations of positive and negative ions emitted from an ioniser, resulting in over-

neutralisation that can cause electrostatic problems when the opposite side is charged [1]. Therefore, we suggested 

that the situation of charged surfaces should be considered, and ionisers should be placed on charged surfaces to 

avoid over-neutralisation. The present work is a response to a comment on this suggestion at Electrostatics 2013—is 

the placement of an ioniser on a side surface of a thin object effective?—in which we investigate the phenomena of 

charge neutralisation from the side surface of an insulating plate using a simulation with three types of initial charge 

distribution: Both—the larger (upper and lower) surfaces are positively charged; Only one side—only the upper side 

surface is positive; and Bipolar—the upper side is positive and the lower is negative. Consequently, we found that in 

the early phase of neutralisation, an over-neutralisation on the near side surface from the ioniser was observed due 

to charges on the other surfaces when the types of the initial charges are Both and Only one side; in addition, the 

charge neutralisation on the far side surfaces is not easy because the main flow of ions separates into two flows at 

the near side surface, and they are away from the upper and lower surfaces charged, which results in non-uniform 

charge neutralisation, as shown in figure 1, which is improper for practical applications. 

 

Figure 1: Positive (a) and negative (b) ion density distributions and surface charge density distributions (c) on an 

object that is 1 cm thick and 15 cm long with the initial charge of Bipolar with ±1 x 10-7 C/m2, at time t = 3 s, where 

the separation between the ioniser and the object is 30 cm, the initial airflow velocity is 3 m/s, both the positive 

and negative ion densities emitted from the ioniser are 1.0 x 1014 m-3. 

This work was supported by JSPS KAKENHI Grant 23510214 and motivated by the comment of Dr. Kris Kozaczek. 

[1]  Ohsawa A 2013 Computer simulations of insulator charge neutralisations with a corona ioniser–Influence of 

initial surface charge distribution, J. Electrostat. 71 801-807. 
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O.27 An unusual source of multiple ESD events in electronic equipment 

D C Smith 

University of Oxford, UK  

Small wall mounted power supplies that plug directly into the AC power mains and furnish power, usually low 

voltage DC, to equipment using a low voltage cable are ubiquitous in the electronics field. However, this paper will 

show that these low voltage supplies can be the source of multiple ESD events that are fed to the connected system 

on the low voltage cable when an ESD event is applied to the system or directly to the power supplies. 

The ESD events generated by the supplies can occur at applied voltages less than 1/3 the rated breakdown voltage 

of a given supply, between the low voltage output and the mains connections. Secondary discharges occur as much 

as 10 microseconds after the applied ESD stress from an ESD simulator and often come in rapid succession. Time 

delays are much longer than the circuit dimensions suggesting air breakdown in the power supply, even at a voltage 

that should not cause breakdown. In addition, the individual discharges in a sequence are a mixture of hand metal 

and cable discharges and of both positive and negative polarities! Some examples are shown in the current 

waveforms of Figures 1-3 below. 

All current waveform measurements were made by direct application of the stress from an ESD simulator between 

the mains connections and the low voltage output of the supplies, at voltages as low as 500 Volts using a Fischer 

Custom Communications F-65 current probe, which is shielded well enough to be suitable for ESD current 

measurements. The paper will detail the method of current measurement and show that it is accurate with no 

significant interference from the applied ESD to the measurement accuracy. 

The measurements were repeated in three different laboratories using different simulators, oscilloscopes, and power 

supplies. 

Multiple ESD events, such as shown in the paper, can be a source of system failure that might not have occurred 

with the original ESD stress and so this effect should be considered in system design. Even better, power supply 

designers should check their designs for this effect and modify designs to avoid this problem. 
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Figure 1 
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O.28 Discrete element method modeling of the triboelectric charging of polyethylene particles: Can particle size 

distribution and segregation reduce the charging? 

L Konopka and J Kosek 

Institute of Chemical Technology Prague, Czech Republic  

Particles of various size are transported in industrial pneumatic convey particulate systems. The contact of the 

particles with a device wall as well as the mutual particle collisions cause electrons on the particle surface to 

redistribute in the system. Such mostly undesirable feature known as the triboelectric charging results in several 

operational problems and safety risks in industrial systems, for example in the fluidized-bed polymerization reactor.  

We study the charging of polyethylene particles caused by the particle-particle interactions in air. Our model 

employs the Discrete Element Method (DEM) describing the particle dynamics and incorporates the ‘Trapped 

Electron Approach’ as the physical basis for the considered charging mechanism.  The model predicts the charge 

distribution among the particles in air in systems with various particle size distributions and various level of 

segregation. The simulation results are in a qualitative agreement with experimental observations of similar 

particulate systems specifically in two aspects: 1) Big particles tend to gain positive charge and small particles the 

negative one. 2) The wider the particle size distribution is, the more pronounced is the charging process. Our results 

suggest that not only the size distribution, but also the effect of the spatial segregation of the polyethylene particles 

significantly influence the resultant charge ‘generated’ in the system.  

We note that both the level of the particle segregation and the particle size distribution of polyethylene particles can 

be in practice adjusted by the choice of supported catalysts, by the conditions in the fluidized-bed polymerization 

reactor and by the present flow regime. We also predict how the reactor temperature affects the triboelectric 

charging of particles. 

 

O.29 Using electrostatic modelling to study cone discharges 

W Azizi 

Chilworth Technology Ltd, UK 

Cone discharges, also known as bulking brush discharges, can arise when charged insulating powder accumulates 

in a heap in silos and containers. They can be an effective ignition source to relatively sensitive powders and 

therefore represent a possible electrostatic hazard. 

The current international guidance on control of electrostatic hazards (IEC/TS 60079-32-1 [1]), endorses the usage 

of electrostatic modelling to estimate the electrical field above the powder heap which takes into account the 

charge relaxation during the filling procedure. “Such model calculations should be based on the charge to mass 

ratio, bulk density and filling rate of the powder, the relative permittivity and resistivity of the bulked powder as well 

as the silo geometry.” 

This study shows a practical demonstration of this modelling technique. It also examines whether the shape of the 

heap affect the strength of the electric field above the powder heap, and thus the presence of cone discharges from 

occurring. 

[1] IEC/TS 60079-32-1:2013: “Explosive atmospheres - Electrostatic hazards - Guidance”, IEC. 

 

 



 

42 Electrostatics 2015 

O.30 Numerical calculation of dielectrophoretic and electrostatic forces acting on micro-scale particles 

M Praeger, L Ziteng, J Smallwood and P Lewin 

University of Southampton, UK 

Much of the current literature on dielectrophoresis relates to micro or nano scale particles; typically in micro-fluidic 

type experiment geometries.  In contrast, this work focusses on the application of dielectrophoretic forces to larger, 

micro-scale particles in air.  Since dielectrophoresis scales with particle volume, it can apply a significant force on 

surprisingly large objects.     

When using very small particles it is often sufficient to use Pohl’s approximation[1] where the particle is considered 

to be spherical and where it does not interact with the externally applied electric field. For the larger particles used 

in this project, the spherical approximation becomes dubious. Dielectrophoretic forces are therefore calculated 

using a finite element model which permits the use of arbitrary particle shapes. In this model the electric field 

generated by the electrodes is solved in the presence of a polarizable particle (which itself modifies the electric 

field). The dielctrophoretic force is in turn calculated from the effective distribution of dipoles that is set-up within 

the particle.   

The development of this model allows us to investigate a number of parameters; for example, the effects of 

irregularly shaped particles and the forces acting on heaps of particles are of particular interest in our application.  

The magnitude of dielectrophoretic and electrostatic forces are compared in order to determine which plays the 

dominant role in our experiment geometry. Our theoretical calculations are validated by comparison with 

experimental measurements. 

[1] H. A. Pohl, Dielectrophoresis: The Behavior of Neutral Matter in Nonuniform Electric Fields: Cambridge 

University Press, 1978 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

Electrostatics 2015   43 

 
Fig.1 Schematic diagram of experimental setup for the 

aftertreatment system with the marine diesel 

Session 11: High voltage 

 

O.31 (invited) Development of super-clean diesel engine and combustor using nonthermal plasma hybrid 

aftertreatment 

M Okubo 

Osaka Prefecture University, Japan  

One of important and successful environmental applications of atmospheric-pressure corona discharge or plasma is 

electrostatic precipitator (ESP), which have been widely used for coal- or oil-fired boilers in electric power plants 

and particulate matter control emitted from glass melting furnace system, etc. In the ESPs, steady high voltage is 

usually applied to a pair of electrodes (at least, one of these has sharp edge). Unsteady pulsed high voltage is often 

applied for the collection of high-resistivity particulate matter (PM) to avoid reverse corona phenomena which 

reduce the collection efficiency of the ESPs. It was found that unsteady high voltage can treat hazardous gaseous 

components (NOx, SOx, hydrocarbon, and CO, etc.) in the exhaust gas, and researches were shifted from PM 

removal to hazardous gases aftertreatment with unsteady corona discharge induced plasmas. 

In my laboratory, we have tried to develop nonthermal-plasma (NTP) hybrid environmental applications technology 

since 1998. Main research topics are as follows: diesel engine emission control, boilers emission control, NOx 

removal for glass melting furnace, VOC control from factories, odor and dioxin controls from garbage incinerators, 

CO2 and PFC emission and moisture controls in various environments, and indoor electric air cleaner. Our all papers 

are listed in [1]. In the lecture, recent results on diesel engine and boiler emission controls are presented among 

these topics. 

Figure 1 shows the experimental setup for the 

aftertreatment system in the marine diesel 

engine (Output power = 1071 kW, 6DK-20e, 

Daihatsu Diesel MFG Co., Ltd, fuel: A-heavy oil or 

marine diesel oil) [2]. In this system, the 

combination of adsorption and the NTP is used 

for reduction of NOx. The exhaust gas emitted 

from then engine is first separated and 

approximately 13% of the bypassed gas the flow 

rate of which is controlled by the flow regulation 

valve passes through a set of ceramics diesel 

particulate filters (DPFs). More than 95% of the 

PM in the exhaust gas is captured in the DPFs. 

The accumulated PM in the DPF is treated by 

nonthermal plasma-induced ozone (O3) injection 

technology. After this process of the PM removal, 

NOx in the exhaust gas is treated by NTP 

combined with repeated adsorption and 

desorption processes. High-concentration (typically 1% = 10000 ppm) NOx desorbed from the chamber, and 

introduced to the NTP reactors of total 21.6 kW in maximum. 

We achieved highest removal efficiency of NOx reduction greater than 100 g (NO2)/kWh when the nonthermal 

plasma is combined with other chemical processes (adsorption or wet chemical scrubbing). The efficiency is 

approximately ten-times higher than that in the case with plasma application only. The results for the pilot-scale 

application of the NTP to bio-fuel boiler (steam generation rate = 2.5 ton/h) are also presented in the lecture. 

[1]  M. Okubo, paper list by Google Scholar, http://www.mokubo.com/personal/scholar 

[2]  T. Kuwahara and M. Okubo et al., Plasma Chem. Plasma P., 34, 1, pp. 65-81(2014) 

http://www.mokubo.com/personal/scholar
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O.32 Numerical model for long (lightning) discharges formed partly along an insulating surface 

I Kiss, B Németh and I Berta 

Budapest University of Technology and Economics, Hungary  

Examination of long discharges (including lightning) has a significant tradition. Different models were constructed 

for the numerical description of such discharges, including the process of formation, the conditions required for the 

initiation of such discharges etc. 

Among them we would like to focus on such discharges that are developed partly in air and partly on the boundary 

surface of an air – insulation boundary surface. Nowadays this problem comes into focus because of the lightning 

protection of wind power generators and insulated transmission lines. In the first case the blades of a wind power 

generator have air termination usually at their ends, but lightning strike reach the air termination in such a way, that 

it goes along a section on the insulating surface of the blade causing damage. In the second case formation of 

upward streamer differs from the ones appearing on the blank wires. 

The aforesaid phenomena modify the attractive radius (striking distance) of these objects. Thus the so called 

attractive space (possible starting points of the final jump of the lightning) based on which the expected frequency 

of stoke will be also different from the case when all of the blades are considered to be made of metal.  

For the laboratory examination of the problem different samples were created with different positions of rotating 

blades. Downward leader was modelled by a conductive rod and the endpoints of final jump were recorded. 

Measurements were carried out by positive and negative polarity. Results were compared to previously published 

examinations, calculations, measurements and experience of existing wind turbines. 

Taking into consideration of the results and former solutions, a new model was developed for the prediction of 

expected frequency of stroke. The results obtained from the calculations with this model seem to be fitting to the 

experience. The model can provide more accurate analysis for the aforesaid special arrangements, than the existing 

ones. 
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Session 12: Electrospin and electrospray 

 

O.33 (invited) Electrospun materials for affinity based drug delivery 

H von Recum 

Case Western Reserve University, USA 

Electrospinning and spraying are processes which have been known for more than 100 years, however have only 

recently be “rediscovered” and applied toward applications in medicine including drug delivery and tissue 

engineering. The process uses a high voltage course to inject charge on a polymer solution or melt. As this solution 

is accelerated toward a collector of opposite polarity, electrostatic and solution forces drive the formation of 

structures ranging from droplets (electrospraying) to micro and nanofibers (electrospinnning). This process can 

quickly and cheaply create materials of high surface to volume and aspect ratios from many materials, however in 

application toward drug delivery this can be a strong disadvantage as well. Fick’s First Law of Diffusion shows that 

drug delivery from a device is proportional to the thickness of that device. Moving from macro to micro to nano-sized 

devices changes drug release rates to profiles that are too fast to be therapeutically beneficial.   

 

Our research lab has been exploring the use of molecular interactions to further control the rate of release beyond 

that capable of diffusion alone. To do this we create materials with molecular pockets, which can “hold” therapeutic 

drugs through a reversible interaction such as a host/guest complexation. The result is that release from a device 

made of these materials in addition to being dependent on diffusion is now also dependent dissociation from that 

complex. This dissociation is independent of device geometry, allowing for release rates from electrospun nanofibers 

that are comparable to release rates from larger delivery devices. Here we show work on how we were able to 

accomplish that using different material chemistries.  

[1] “Affinity-based drug delivery”, N.X. Wang NX, H.A. von Recum, Macromol Biosci. 2011 Mar 10;11(3):321-

32. PMID: 21108454 

[2] “Electrospinning and Imaging”, S.R. Merritt, A.A. Exner, Z. Lee, H.A. von Recum, Advanced Engineering 

Materials, 2012 14(5):B266–B278 

[3]  “Electrospinning for Tissue Engineering and Drug Delivery”, T.J. Sill, H.A. von Recum, Biomaterials (2008) 

29(13):1989-2006 
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O.34 Estimation of droplet charge forming out of a ligament in the presence of a uniform electric field 

H Osman1, G S P Castle1, K Adamiak1, H-T Fan2 and J Simmer2 

1University of Western Ontario, Canada, 2R&D General Motors, USA 

The charge on a liquid droplet is a critical parameter that needs to be determined to accurately predict the behavior 

of the droplet in many electrostatic applications, for example, electrostatic painting and ink-jet printing. The charge 

depends on by many factors that affect the effective electric field strength such as the space charge, the presence 

of previously formed droplets and the presence of adjacent ligaments. In this paper, a numerical model was created 

using COMSOL, a Finite Element commercial software, to estimate the electric charge on a conductive spherical 

droplet, which is connected to a planar high voltage electrode through a static ligament. This study covers different 

droplet diameters and different ligament lengths and widths. Also, the numerical model was extended to predict the 

charging level in cases where the planar high voltage electrode was removed so that the ligaments become the sole 

high voltage electrode. A comparison between both models was obtained. It was found that the charging level for 

the case of isolated ligaments is much higher than the case of ligaments connected to a planar high voltage 

electrode. It is suggested that practical systems lie somewhere between these two extremes. 
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O.35 Composite electrospun polymer fibres containing carbon nanotubes 

G Mitchell1, M Nazhipkyzy2,3, S D Mohan1,2 and F J Davis2 

1Institute Polytechnic Leiria, Portugal, 2University of Reading, UK, 3Al-Farabi Kazah National University, Kazakhstan 

Carbon nanotubes have gained much attention in the last two decades with numerous publications reporting on 

their abundant properties ranging from thermal, optical, electrical and mechanica. Carbon nanotubes are 

essentially a sheet of graphene wrapped into a cylindrical tube shape which can either have a single or multiple 

walls to give SWNT and MWNTs respectively. The tubes diameters are typically of the order of several nanometres, 

but they can be micrometres in length. Due to their unique properties they offer promise in a multitude of potential 

applications, especially in composite materials with a large portion of current research on these materials dedicated 

to embedding them in a polymer matrix. It is found that electrical and mechanical properties are improved parallel 

to the tube axis rather than perpendicular; thus it is crucial for the nanotubes to be aligned within the matrix if 

improvements to the properties are to be obtained. This constraint presents a major challenge as strong 

intermolecular forces causes nanotube agglomeration; furthermore their insolubility in most common solvents leads 

to poor dispersion and random orientation within a typical polymer matrix. 

In these investigations we have taken carbon nanotubes and set out to align them within fine fibres produced 

through electrospinning. Electrospun fibres offer some useful applications such as in electronics, biomedical 

applications, textiles and composite materials. The use of carbon nanotubes embedded in the fibre can be used to 

improve the fibres properties making it more attractive for use. Using multi-walled carbon nanotubes (MWCNTs) we 

have attempted to confine and align the carbon nanotubes within polyethylene oxide (PEO) nanofibres. We have 

used a variety of PEO molecular weights, MWCNT/PEO concentrations and observed the effect on the fibre 

morphology using SEM and the confinement and alignment of the nanotubes in the TEM. Solutions were prepared in 

water and in some cases a surfactant, Triton X-100 was added to aid in the dispersion of nanotubes throughout the 

solution. The relationship between preparation conditions and nanotube alignment is discussed and methods of 

quantifying these quantities developed amd the limitations identified. 
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Session 13: Environmental and space applications 

  

O.36 Deep dielectric charging and breakdown of lunar polar regolith 

T J Stubbs1, A P Jordan2, J K Wilson2, N A Schwadron2 and H E Spence2 

1NASA Goddard Space Flight Center, USA, 2EOS Space Science Center, University of New Hampshire, USA 

Galactic cosmic rays (GCRs) and solar energetic particles (SEPs) penetrate the regolith (layer of soil and dust) 

covering the surface of the Moon causing deep dielectric charging – a process known to have adversely affected 

spacecraft under extreme radiation conditions. The regolith electrically discharges with a timescale that depends on 

temperature; e.g., in permanently shadowed regions (PSRs) near the lunar poles this timescale is ~20 days. In 

order to gain insight into this process, we have developed a data-driven, deep dielectric charging model [1]. The 

model uses GCR data from the Cosmic Ray Telescope for the Effects of Radiation (CRaTER) on the Lunar 

Reconnaissance Orbiter (LRO) and SEP data from the Electron, Proton, and Alpha Monitor (EPAM) on the Advanced 

Composition Explorer (ACE). We present model results that indicate GCRs produce a persistent electric field (~700 

V/m) within the top tens of centimeters of regolith, while large SEP events could potentially generate episodic 

subsurface electric fields (≥106 V/m) capable of causing dielectric breakdown within about the top millimeter of 

regolith. 

Using CRaTER measurements, we predict that 

two of the SEP events occurring since LRO 

arrived at the Moon may have been capable of 

causing dielectric breakdown (Figure 1). This 

indicates that breakdown could be an ongoing 

space weathering process modifying regolith 

properties, especially near the poles [2]. 

Similarly, this could be a significant process at 

other cold airless bodies exposed to harsh 

radiation, such as Mercury and some moons of 

the outer planets. 

In order to investigate the extent of dielectric 

breakdown at the Moon, we estimate the 

frequency of breakdown-inducing SEP events 

experienced by locations near the poles over 

geological timescales. This is achieved by using 

LRO/Diviner lunar regolith temperature results to 

map typical discharging timescales combined 

with modeling based on SEP data. We predict that regolith within PSRs has experienced ~106 SEP events 

potentially capable of causing dielectric breakdown, while the warmest polar regions may have experienced only 

~104 such events. This indicates that “breakdown weathering”, if it occurs at the Moon, would preferentially affect 

PSRs. We also discuss how breakdown weathering may preferentially enhance the fraction of fine dust grains within 

PSRs and increase regolith albedo, which could help to explain recent observations. 

[1]  Jordan, A. P., T. J. Stubbs, J. K. Wilson, N. A. Schwadron, H. E. Spence, and C. J. Joyce (2014a), Deep 

dielectric charging of regolith within the Moon's permanently shadowed regions, J. Geophys. Res.-Planet, 

DOI: 10.1002/2014JE004648 

[2] Jordan, A. P., T. J. Stubbs, J. K. Wilson, N. A. Schwadron, and H. E. Spence (2014b), Dielectric breakdown 

weathering of the Moon’s polar regolith, J. Geophys. Res.-Planet, under review 

 

 

 
Figure 1. CRaTER 7-day fluences of >10 MeV protons. 

The dashed line indicates the dielectric breakdown 

threshold for lunar regolith [Jordan et al., 2014b]. 
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O.37 The effect of electrostatic charges on the removal of radioactive aerosols in the atmosphere by raindrops 

M Sow and P Lemaitre 

Institut de Radioprotection et de Sûreté Nucléaire (IRSN), France  

Measurements of soil contamination by cesium particles in the first days following the Fukushima accident have 

shown that higher doses were located downwind of the radioactive plumes after snow and rainfall events. In France, 

given the location of the nuclear plants, the probabilities of occurrence of rainfall coupled to a nuclear accident are 

real. To establish procedures that should protect people against exposure to radionuclides, it is essential to 

understand the interactions between aerosols and precipitation that determine their removal from the atmosphere. 

The capture of aerosol particles by raindrops has been studied exhaustively in laboratory under simulated storm 

conditions, and by modeling. IRSN has likewise developed an experimental facility (BERGAME) to investigate in 

laboratory the capture of aerosols by droplets simulating thunderstorms [1]. However, to date there are 

discrepancies on the estimation of the aerosol capture efficiency between laboratory studies and modeling results. 

Not taking into account the electrostatic interactions could possibly explain part of this discrepancy. Indeed, it is 

well known that raindrops as well as aerosols naturally acquire electric charges through various mechanisms both in 

the atmosphere and in laboratory; that inescapably leads to Coulomb interactions. 

The aim of the study is to assess the role of electric charges on the removal of aerosol particles by simulated 

thunderstorm raindrops. To do so, we controllably charge water drops of thunderstorm size that capture aerosols 

generated in BERGAME. The aerosol charging is controlled by a bipolar corona charger device that can either 

neutralize the particles or charge them with the desired polarity. In laboratory, water drops are generated using 

hypodermic needles. We show that such drops develop electrostatic charges by contacting the tip of the needle up 

to orders of magnitude of 10-12 Coulomb. Moreover, those charge values are similar to the ones reported for drops in 

natural thunderstorms. In the same way aerosol particles generated in laboratory contact one another and develop 

strong electrostatic charges. Indeed, for electrically charged water drops of thundercloud magnitude, Wang et al.[2] 

theoretical calculations show that electrostatic forces could considerably increase the aerosol capture efficiencies. 

For non-thunderstorm clouds, Tinsley at al.[3] calculations show that the image charge effect due to aerosol 

charging can significantly affect their capture even by uncharged raindrops. 

[1] Quérel, A., Monier, M., Flossmann, A. I., Lemaitre, P., & Porcheron, E. (2014). The importance of new 

collection efficiency values including the effect of rear capture for the below-cloud scavenging of aerosol 

particles. Atmospheric Research, 142, 57-66 

[2] Wang, P. K., Grover, S. N., & Pruppacher, H. R. (1978). On the effect of electric charges on the scavenging 

of aerosol particles by clouds and small raindrops. Journal of the Atmospheric Sciences, 35(9), 1735-

1743 

[3] Tinsley, B. A., Rohrbaugh, R. P., Hei, M., & Beard, K. V. (2000). Effects of image charges on the scavenging 

of aerosol particles by cloud droplets and on droplet charging and possible ice nucleation processes. 

Journal of the atmospheric sciences, 57(13), 2118-2134 
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P1.01 Safe housing ensured by an electric field screen that excludes insect-net permeating haematophagous 

mosquitoes carrying human pathogens 

Y Matsuda1, K Kakutani1, T Nonomura1, J Kimbara2, K Osamura3, S-i Kusakari1 and H Toyoda1 

1Kinki University, Japan, 2Kagome Co., Ltd., Japan, 3Panasonic Environmental Systems and Engineering Co., Ltd., 

Japan 

Electric field screens have been used to create spore-free and pest-free spaces for crop production and preservation 

[1]. This technique is also applicable to the creation of spore- and pest-free living spaces in houses by installing the 

screens on windows. We are interested in excluding haematophagous mosquitoes from houses in tropical and 

subtropical countries where these noxious mosquitoes transmit various viral and bacterial pathogens and malarial 

plasmodia to humans. The current countermeasure consists of insecticide-impregnated woven nets with larger mesh 

sizes for increased air-permeability. However, there is apprehension that this might give rise to insecticide-resistant 

pests, and that the neurotoxic insecticides might have negative effects on human users. The electric field screen is a 

promising way to avoid these potential risks because of its strong electrostatic force that captures insects, while 

enabling good air penetration. A three-layered electric field screen [2] was used for this purpose (Fig. 1). An iron 

conductor wire was insulated by passing it through a transparent vinyl insulator sleeve and used to construct an 

electric field screen. The screen had two components: three layers of iron insulated conductor wires (ICWs) in 

parallel arrays and two electrostatic DC voltage generators that supplied negative and positive voltages to the ICWs. 

In each layer, the parallel ICWs were spaced at 5-mm intervals and connected to each other and to a negative or 

positive voltage generator. The negatively and positively charged ICWs are represented as ICW(–) and ICW(+), 

respectively. The screen consisted of one ICW(+) layer with an ICW(–) layer on either side. The layers were parallel 

and 2-mm apart, and the ICWs in the layers were offset from each other. The generators were linked to each other 

and operated using 12-V storage batteries (power 

supplied by a 15-Watt solar panel) to supply equal 

negative and positive voltages to the ICWs. The 

opposite surface charges on the ICWs act as dipoles 

that form an electric field between them. As a result, 

the screen formed a circuit involving the electric fields 

between the opposite electrodes. The Asian tiger 

mosquito (Aedes albopictus) was used as a model 

vector of dengue fever and yellow fever viruses. Adult 

mosquitoes were blown into the space between the 

ICWs by sending compressed air through the tip of an 

insect aspirator to determine the voltage range 

necessary to capture all of the test insects. Wind 

speed was measured at the surface of the ICW using 

a sensitive anemometer. The result showed that at 

≥1.2 kV, the force was strong enough for the ICWs to 

capture all of the mosquitoes despite a wind speed of 

7 m/s. 

[1] Y. Matsuda et al. (2012). An oppositely charged insect exclusion screen with gap-free multiple electric 

fields. Journal of Applied   Physics, 112: 116103-1-116103-3.2 

[2] Y. Takikawa et al. (2014). Electrostatic guarding of bookshelves for mould-freepreservation of valuable 

librabooks. Aerobiologia, 30: DOI 10.1007/s10453-014-9340-8  
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P1.02 Avoidance of an electric field by insects: Fundamental biological phenomenon for an electrostatic pest-

exclusion strategy 

Y Matsuda1, T Nonomura1, K Kakutani1, J Kimbara2, K Osamura3, S-i Kusakari1 and H Toyoda1 

1Kinki University, Japan, 2Kagome Co., Ltd., Japan, 3Panasonic Environmental Systems and Engineering Co., Ltd., 

Japan  

An electric field screen is a physical device used to exclude pest insects from greenhouses and warehouses to 

protect crop production and storage [1]. The screen consists of iron insulated conductor wires (ICWs) arrayed in 

parallel and linked to each other, an electrostatic DC voltage generator used to supply a negative charge to the 

ICWs, and an earthed stainless net placed on one side of the ICW layer (Fig. 1). The ICW was negatively charged to 

polarize the earthed net to create a positive charge on the ICW side surface, and an electric field formed between 

the opposite charges of the ICW and earthed net. The ability of the screen to capture insects entering the screen has 

been evaluated previously by blowing insects into the space between the ICW and net for optimal insect trapping 

[2,3]. This study focused on the additional ability of the screen to repel insects reaching the screen net. This 

repulsion was a result of the insect’s behaviour, i.e., the 

insects were deterred from entering the electric field of 

the screen. In fact, the insects on the net entered the 

screen without hesitation when the screen was not 

charged. In comparison, when the screen was negatively 

charged with the appropriate voltages, the insects placed 

their antennae inside the screen and then flew away 

without entering. It was apparent that the insects 

recognized the electric field using their antennae and 

thereby avoided entering. Using a wide range of insects 

and spiders belonging to different taxonomic groups (17 

orders, 42 families, 45 genera, and 82 species), we 

confirmed that the avoidance response to the electric 

field was common in these animals. Interestingly, when 

the screen was charged with higher voltages, some 

insects were drawn inside the screen when they stuck 

their antennae inside because of the strong attraction by 

the ICW. In conclusion, the insect-capturing function of 

the singly charged dipolar electric field screen 

complements unsuccessful insect repulsion. In this 

study, we present a few examples of practical, industrial 

applications of the screen for the safe storage of 

harvested crops in a warehouse. 

[1]  Y. Matsuda et al. (2012). An oppositely charged insect exclusion screen with gap-free multiple electric 

fields. Journal of Applied Physics, 112: 116103-1-116103-3 

[2]  Y. Kakutani et al. (2012). An electric field screen prevents captured insects from escaping by depriving 

bioelectricity generated through insect movements. Journal of Electrostatics, 70:207-211 

[3]  T. Nonomura et al. (2014). Electrostatic measurement of dischargeable electricity and bioelectric 

potentials produced by muscular movements in flies. Journal of Electrostatics, 72:1-5 
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P1.03 Frequency dependence and assembly characteristics of Ag nanomaterials trapped by dielectrophoresis 

R Kataoka1, H Tokita1, S Uchida1, R Sano2 and H Nishikawa2 

1Tokyo Metropolitan University, Japan, 2Shibaura Institute of Technology, Japan 

Nanomaterials are widely expected to various industrial applications such as specific sensors and electrodes 

because of their high activity and reactivity [1,2]. For rapid and accurate fabrications of above industrial products, 

the establishment of manipulation technique for nanomaterials is essential [3]. Recently, dielectrophoresis (DEP) 

has drawn attention as a simple method for handling microparticles. DEP is an electrokinetic phenomenon that 

dielectric particles in non-uniform electric field migrate along the gradient of electric field. However, the 

dielectrophoretic properties of nanomaterials with variety of shapes were not understood well. In the present work, 

we investigated the dielectrophoretic behavior of silver nanoparticles and nanowires at various driving frequencies. 

Furthermore, we examined three-dimensional (3D) assembly of the nanomaterials using DEP devices with 

microstructures. 

In the present experiments, we utilized some micro DEP devices. The DEP devices basically consist of the electrode 

substrate and channel cover. The interdigitated electrode array of ITO with a 10 μm of gap length was fabricated for 

electrical measurement and image analysis of fundamental nanomaterial dynamics. In addition, two types of 3D 

electrode were prepared for DEP assembly. One is Cr coplanar electrode with a 200 μm of gap that dielectric pillars 

were fabricated by proton beam writing (PBW). The other electrode is upper-base structure with pit array formed by 

PBW. 

In the case of nanoparticles, the frequency range of dielectrophoretic collection was from 100 kHz to1MHz under 

the present conditions. The trapping number of nanoparticles became the maximum at 100 kHz. On the other hand, 

collectable frequency of nanowires was widely broadened to 10 kHz. The aggregation shape was significantly 

changed at the driving frequency. 

In pillar type DEP device, the silver nanowires were concentrated only around pillars. The thick chains of nanowires 

were not assembled. When the applied voltage was turned off, trapped nanowires were dispersed, and carried away 

without being left on the electrode. Fig. 1 shows assemble dynamics of silver nanoparticles using pit type DEP 

device. Remarkable trapping of nanoparticles was observed in pits of outside array. The aggregated objects could 

be directly fixed on the electrode under PMMA.  

 
Fig. 1. DEP Assembly of silver nanoparticles. (a ) before, and (b) after applying voltage. 

[1]  H. J. Lee, T. Yasukawa et al., Sensors and Actuators B,136, 320-325（2009） 

[2]  K. H. Bhatt and O. D. Velve, Langmuir, 194, 467-476 (2004)  

[3]  N. Ranjan et al., Langmuir, 26, 552-559 (2010) 
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P1.04 Intelligent electrostatic induction hydraulic spray nozzle for controlling cotton plant insects 

M Al-Mamury, N Manivannan, H Al-Raweshidy and W Balachandran 

Brunel University London, UK 

Cotton plant is more popular than other plants which are cultivated in Iraq and occupies large area of cultivation 

land [1]. Over the last fifteen years, products from cotton plant have reduced significantly due to lower cotton plant 

cultivation. The major reason is the damage of the plant by insects and consequently use of pesticides has become 

additional economic burden to the industry.  As a result, there is search for efficient use of pesticides. Efficient use 

of pesticides means, high coverage area, high deposition and low drift [2]. Induction electrostatic hydraulic nozzle 

can potentially be used to achieve these goals [3]. In this project, COMSOL software was used to simulate high 

voltage (~500v) to achieve a suitable design of a lab-scale induction of electrostatic spray.  Robot mobile with 

manipulator arm which was attached with both electrostatic spray nozzle and CCD camera and controlled by was 

used as the lab-scale intelligent electrostatic spray nozzle. Fig. 1 shows the lab experimental set-up. CCD camera 

was used to capture images of the artificial plants with artificial insects and the images were then sent to PC-based 

image processing algorithm to identify and locate the pesticides.  

 
Figure 1: Lab scale intelligent experimental set up 

Instructions were given to the robot to activate the spray nozzle and apply pesticides to the identified locations in a 

sequential manner. MATLAB software programs were used to analysis the images of the artificial plants, before and 

after application of the pesticide. Water sensitive paper was used to measure size of the droplets [1] and to 

calculate the soil contaminants. The nozzle achieved good coverage area, low drift and focused on the location of 

the insects.   The efficiency of spray nozzle achieved in the experiments is 80-85% of deposition on the plant.  

[1] http://wiki.dorar-aliraq.net/Iraqi laws/law/1626.html 

[2]  Patel, M.K, Ghanshyam, C.and Kapur C. (2013) “Characterization of electrode material for electrostatic 

spray charging: Theoretical and engineering practices”. Journal of Electrostatics 71 (2013) 55e60 

[3]  Mamidi, V.R., C. Ghanshyam, P.M. Kumar, and Kapur, P (2013). “Electrostatic hand pressure knapsack 

spray system with enhanced performance for small scale farms”. Journal of Electrostatics 71 (2013) 

785e790 
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P1.05 Physico-chemical qualification of a universal portable sampler for aerosols and water-soluble gases 

J-M Roux and R Sarda-Estève 

CEA, France  

As part of the overall security program for the fight against the spread of toxic agents (CBRN-E) the Center of Atomic 

Energy (CEA) is developing a universal portable air sampler based on electrostatic precipitation. The challenge is to 

collect micro and nanoparticules, microorganisms as well as toxic molecules with a portable device. 

Electrostatic precipitation is an efficient and gentle method to collect airborne microorganisms and preserve their 

cultivability. But the collection of toxic gases requires is not possible in such a device. The collection of such gases 

requires a liquid into which they have to be solubilized. In 2008 the preliminary work of Tepper et al. showed that it 

is possible to collect particles and soluble gases with an electrospray based device. Later Elio et al. (2013) used an 

electrospray to make a wind generator that is able to collect airborne particles while the collection electrode is 

continually rinsed. Following their work a fairly simple universal portable sampler for aerosols and water-soluble 

gases is being developed and validated. 

The two concepts shown on figure 1 are being evaluated. The first one is the configuration previously studied by Elio 

et al. (2013) for the collection of particles. The goal is to investigate the collection efficiency of water-soluble gases. 

The second concept is based on the semi-humid electrostatic precipitator of Galbrun et al. (2006). Their high 

collection efficiencies for particles were already demonstrated. In the present study they are both tested with gases 

of water-soluble molecules. Concentrations of these molecules are measured by ion chromatography in the liquid 

solution obtained by rinsing the collection electrode. Concentrations of volatile organic compounds (VOCs) are also 

measured in the gas outlet of the experimental device by Proton Transfer Reaction Mass Spectrometry. 

 
Fig.1: Schematic description of the two evaluated configurations: left, electrospray based design; right, electrostatic 

precipitation assisted by the presence of vapor. 

This work was supported by the CBRN-E R&D research program from CEA.  

[1] Galbrun, E., Fouillet, Y., Glière, A., Achard, J-L., Rouillon, F., Saint-Bonnet, P., Peponnet, C. (2006). 

Development of a New Type of Aerosol Collector with yields Independent of Nanoparticle Size, Proceeding 

of the international Conference on Tracers and Tracing Methods, Autrans (France) 

[2] Quinton, E., Achard, J-L., Roux, J-M. (2013) Ionic wind generator derived from a liquid filled capillary pin. 

Application to particle capture, Journal of Electrostatics, 71, pp. 963-969 

[3] Tepper, G., Kessick, R. (2008) A study of ionization and collection efficiencies in electrospray-based 

electrostatic precipitators, Journal of Aerosol Science, 39, pp. 609-617 
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P1.06 Modulation of urban atmospheric electric field measurements with the wind direction in Lisbon (Portugal) 

H G Silva1, R Conceição1, M Melgão1, J C Matthews2, M D Wright2 and D E Shallcross2 

1Universidade de Evora, Portugal, 2University of Bristol, UK 

Atmospheric electric field measurements (PG, potential gradient) were done in the urban environment of the city of 

Lisbon (Portugal). The measurements were taken using a Bendorf electrograph between 1955 and 1990 at the 

Portela Meteorological station in the suburbs of the city (NW from the centre). Work up of these data has been 

carried out [1] and special attention is now being given to the period of 1980 to 1900 where the effect of the 

radioactive fallout (caused by nuclear tests of 1960s) is considerably reduced [2]. According to wind direction 

analysis, different content and types of ions and aerosols arrive at Portela causing significant variations in the PG. 

Wind direction is divided into four bins: 1) 0 to 90º (NE); 2) 90º to 180º (SE); 3) 180º to 270º (SW); 4) 270º to 

360º (NW). On one hand, NW (dominant) wind brings marine aerosols with high mobility tending to increase air 

conductivity (reduce PG). On the other hand, SE winds by transport of pollution aerosols from the city centre, tend 

to decrease air conductivity and consequently increase PG [3]. This effect is clearly seen in the boxplot 

representation of the PG for the four wind bins. Strikingly, the PG values for each wind direction show a sizeable 

variation with relative humidity, mainly when approaching the hygroscopic limit of aerosols (RH > 75 %).  PG 

values, for each wind direction, were separated in bins with 10 % steps in RH from 10 % up to 100 %.   Such 

variation is used to discuss the attachment coefficient between water molecules and aerosols with different 

chemical composition and its influence on the PG. 

 

[1]  Serrano et al., 2006. Influences of cosmic radiation, artificial radioactivity and aerosol concentration upon 

the fair-weather atmospheric electric field in Lisbon (1955-1991), Atmospheric Research, 81, 236 

[2]  Silva et al., 2014. Atmospheric electric field measurements in urban environment and the pollutant aerosol 

weekly dependence (ERL in press) 

[3]  Conceição et al., 2014. Impact of the historical Chiado’s fire on the atmospheric electric field in Lisbon 

(submitted to AE) 
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P1.07 Spectral response of atmospheric electric field measurements near AC high voltage power lines  

H G Silva1, J C Matthews2, M D Wright2 and D E Shallcross2 

1Universidade de Evora, Portugal, 2University of Bristol, UK 

The effect of corona ion emission (CIE) near AC high-voltage power lines (HVPL) has been a research subject of 

great importance in recent years. This is mainly due to the impact that the ions, generated in that way, have for 

public health. Moreover, to understand the influence that CIE has on the atmospheric electrical environment around 

power-lines, measurements have been taken near two HVPL throughout 2008 [1,2]. A JCI 131 field-mill (Chilworth) 

was used to record atmospheric electric field. Meteorological measurements were also made including wind 

direction [1]. These data (10 minute averaged) are used here to infer possible implications of CIE in the spectral 

response of the atmospheric electric field. Following the cited papers the analysis is divided in four zones 

(dependent on wind direction): whole zones, Z0; zone 1 (175 m downwind of 400 kV HVPL), Z1; zone 2 (750 m 

downwind of 275 kV HVPL), Z2; zone 3 (upwind of both HVPL), Z3. The last zone, Z3, is the least affected by CIE and 

for that reason it is used as a reference for Z1 and Z2 that are more strongly influenced by this phenomena. It is 

important to mention that the time series for zones 1, 2 and 3, are interrupted and for that reason normal Fourier 

transform algorithms cannot be used. Thus the Lomb-Scargle strategy is used here, as it was developed for unevenly 

spaced time-series. This approach was recently applied to interrupted fair-weather atmospheric electric field 

measurements [3]. It estimates the n-exponent, which is defined as a power law dependence of the power spectral 

density, 𝑆(𝑇), with the period, T, of the type, 𝑆(𝑇) ~ 𝑇𝑛. The spectral response is separated in periods below and 

above, Tcut-off ~1 day. It is evidenced that below Tcut-off  the spectra for Z1 and Z2 show a significant reduction in the 

spectral response with high values for n0. This could be due to the presence of the ions generated by CIE. 

Conversely, Z3 does not show this behaviour and also presents the half-daily, daily and the weekly cycle typical of 

non-perturbed measurements. 

 
[1]  J.C. Matthews et al., 2010. Corona ion induced atmospheric potential gradient perturbations near high 

voltage power lines, Atmospheric Environment 44, 5093-5100 

[2]  J.C. Matthews, 2012. The effect of weather on corona ion emission from AC high voltage power lines, 

Atmospheric Research 113, 68–79 

[3]  H.G. Silva et al., 2014. Atmospheric electric field measurements in urban environment and the pollutant 

aerosol weekly dependence (ERL in press) 
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P1.08 Simulations of the Global Electrical Circuit coupled to local Potential Gradient measurements  

R Conceição1, M Tlemçani1 and H G Silva1,2  

1Universidade de Évora, Portugal, 2University of Bristol, UK 

There are several models that describe the global electrical circuit of the atmosphere. We are going to use a data 

base of measurements with the goal of tweak the parameters in the sense of the minima square. In a first stage the 

model [1] is built as an algorithm and a multi-harmonic signal is generated as the input, retrieving an output and 

comparing it to real data. 

After that, parameters will be tuned so the output can match the real data in a similar way. The algorithm was wrote 

using MATLAB and Simulink platform. In this way, it is possible to have full control over the simulation and to be 

able to change all the parameters in time. 

Especial attention is given to the behavior of Rb, the resistance associated with the process below the boundary 

layer [3]. 

 
Figure 1- Analyzed model. Retrieved from [1]. 

 

[1]  J.M.Crowley, The Fair-Weather Atmosphere as a Power Source, ESA Annual Meeting on Electrostatics, 

2011 

[2]  M.J.Rycroft.et al., The global atmospheric electric circuit, solar activity and climate change, Journal of 

Atmospheric and Solar-Terrestrial Physics, vol.62, pp. 1563-1576, 2000 

[3]  Conceição et al., 2014. Impact of the historical Chiado’s fire on the atmospheric electric field in Lisbon 

(submitted to AE) 
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P1.09 Preliminary results on soil-emitted gamma radiation and its relation with the local atmospheric electric field 

at Amieira, Portugal 

F Lopes1, H G Silva2,3, S Bárias2 and S Barbosa1 

1University of Lisbon, Portugal, 2Universidade de Évora, Portugal, 3University of Bristol, UK 

The atmospheric electric field (AEF) near the Earth’s surface (PG, defined as the negative of the vertical component 

of the AEF) is commonly reported in the literature to be mainly dominated by the presence of atmospheric 

pollutants and natural radioactive radon gas [1,2]. For a better comprehension on the temporal variability of radon 

gas concentration with local atmospheric variables, simultaneous measurements of soil-emitted gamma radiation 

and PG were taken every minute using a NaI (TI) scintillator and a Chilworth JCI131F electrostatic fieldmeter (at 2 m 

height), respectively. The region of study is in Amieira (Alentejo, Portugal) which is part of the Alqueva dam, in the 

countryside, and has very low pollution levels. Moreover, soil gamma ray (SGR) measurements are more sensitive to 

small quantities of radon as compared with alpha particle measurements and for that reason it is more suited for 

low radon levels as is the case of the site. This study presents a preliminary approach on the results of SGR and the 

local PG at Amieira that were simultaneously obtained during the summer months (from May to September 2014). 

In fact, initial spectral analysis shows that PG is more affected by the daily cycle as compared with the SGR and 

that there is much more energy in the low frequencies (close to 0) in SGR signal contrary to the PG.  Future work 

and plans are also discussed. 

 

[1]  Silva et al., 2014. Atmospheric electric field measurements in urban environment and the pollutant aerosol 

weekly dependence (ERL in press) 

[2]  Silva et al., 2011. Atmospheric electrical field decrease during the M=4.1 Sousel earthquake (Portugal). 

Natural Hazards and Earth System Sciences 11, 978-991 
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P1.10 Exact solution for the interaction of two equal sized charged conducting spheres 

S Banerjee and M Levy 

Rhodes College, USA  

Electrostatics of conducting spheres can model diverse environmental and space phenomena such as interaction of 

rain drops and adhesion of dust to surfaces. In this paper we provide an exact closed-form solution for the 

electrostatic interaction of two equal-sized conducting spheres. We calculate the capacitance coefficients for the 

spheres in terms of the q-analogue of the digamma function. In the near limit, when the two spheres are about to 

touch, the closed-form exact solutions allow for much faster numerical calculations than the well-known infinite 

series solutions. By analyzing the exact solution in the near limit, we provide Taylor series expressions for the 

capacitance coefficients in terms of the surface-to-surface separation of the two spheres. Our results can be useful 

in modeling the dynamics of spheres where a quick calculation of the force between spheres is needed. 
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P1.11 Structure of near-electrode dissociation-recombination layers under DC stress 

V Chirkov, A Shaposhnikov and Y Stishkov 

St. Petersburg State University, Russian Federation  

Near-electrode layers emerge in low-conducting liquids due to disbalance between the dissociation and 

recombination processes and play an important role in the electric current passage processes. Though the issue has 

a long history of investigation, it is still a topical question and is regularly discussed at modern conferences (e.g., 

[1, 2]). The layers have effect on measurements of electrophysical properties of a liquid at low voltage as well as 

the formation of an electrohydrodynamic flow under the action of a strong electric field. The corresponding 

processes are quite complicated ones and their insufficient understanding can lead to the incorrect interpretation of 

the experimental data and even to erroneous characterization of liquid dielectrics properties.  

In this work, distributions of space charge density and electric field strength in a plane–plane electrode system were 

obtained for liquid dielectrics on the basis of both the computer simulation and simplified analytical solution. 

Numerical calculations were carried out using charge transport equations in non-dimensional form for two ion 

species. The analysis of the structure of near-electrode layers in the transient regime and at various ratios between 

the injection and dissociation mechanisms of charge formation was conducted and corresponding current–time and 

current–voltage characteristics were obtained. The method for characterization of electrophysical properties of 

liquids was improved, basing on the analysis of the computer simulation results.  

[1]  Vahidi F, Tenbohlen S, Rösner M, Perrier C and Fink H 2014 Space Charge Formation in Insulating Liquids 

under DC Stresses Int. Conf. on Dielectric Liquids ICDL (Bled, Slovenia, 2014) pp 1–5 

[2] Lavesson N, Walfridsson L, Hjortstam O and Schiessling O 2014 Modelling and Measurement of Field 

Dependent Resistivity of Transformer Oil  Int. Conf. on Dielectric Liquids ICDL (Bled, Slovenia, 2014) pp 1–
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P1.12 Comparative analysis of numerical simulation and PIV experimental results for a flow caused by field-

enhanced dissociation 

V Chirkov, D Komarov, Y Stishkov and S Vasilkov 

St. Petersburg State University, Russian Federation  

Specific mechanisms of charge formation, i.e. injection and field-enhanced dissociation, take place in low-

conducting liquids under the influence of a strong electric field. Apart from their effect on the total value of the 

electric current passing through the cell, they can provide the formation of space charge density inside the bulk and 

lead to the emergence of electrohydrodynamic (EHD) flows. The field-enhanced dissociation (or the Wien effect) is 

frequently referred to as the pure theoretical phenomenon and its significance in EHD flow formation is still to be 

justified.  

The main problem concerning revealing the role of field-enhanced dissociation in EHD flow formation is caused by 

similarities in the corresponding flow structure with that, taking place in the injection model. To resolve the issue, a 

specific electrode arrangement, where the maximum value of the electric field strength is reached in the bulk far 

from electrode surfaces, was used. Electrodes were chosen to be parallel plates separated by that of dielectric with 

a small hole. Initially (immediately after voltage turn-on), the electric field lines pass through the dielectric plane; 

however, the lines are changed when ions are accumulated at the surface of the latter. As a result, electric field 

distribution attains its maximum inside the hole in dielectric plane, i.e., far from any electrode, which leads to the 

absence of the injection charge formation inside the cavity and provides fruitful conditions for the Wien effect 

emergence.  

Described electrode system was studied by virtue of both the computer simulation and experimental investigation. 

The latter was conducted utilizing particle image velocimetry (or PIV) technique. Numerical research was performed 

using trusted software package COMSOL Multiphysics that lets one solve the complete set of EHD equations and 

obtain the EHD flow structure.  

The results were analyzed and the conclusions about the role of the Wien effect in EHD flow formation were 

suggested. The comparative analysis of the numerical simulation and PIV experimental results helped to verify the 

necessity to take into account the field-enhanced dissociation when simulating EHD flows.  
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P1.13 Electrical properties of elastomeric nanodirelectrics 

G Mitchell, I Khan, A Tojeira and A Mateus 

Institute Polytechnic Leiria, Portugal  

Nanodielectrics are essentially nanocomposites containing a dielectric polymer as the matrix and a low level of 

nanoparticles. Where the nanoparticles are conductive such as carbon nanotubes or metallic systems, the particles 

may form a percolative network such that the samples behave as a bulk conductor. If the material system is 

subjected to strain then some of the conductive pathways may be disrupted and new pathways may form. Clearly 

the measurement of conductivity during deformation may reveal useful data about the sample.  We have 

established an experimental system to facilitate such measurements. This equipment can be mounted on a 

synchrotron beam line to enable small-angle x-ray scattering measurements to be made during the deformation 

cycle. As a consequence the SAXS data provides information on the morphology of the nanoparticulate structure. 

Combining this with the electrical properties provides us with a unique insight in to the nanostructure of these novel 

materials.  

 

Figure 1: The experimental arrangement used to make the simultaneous SAXS,conductivity and stress-strain 

measurements on the elastomeric nanocomposites. The incident x-ray beam is normal to the same surface and 

passes through the sample 

We have performed such measurements using the NCD beamline at the ALBA synchrotron facility in Barcelona, 

Spain. We have prepared polyurethane based nanocomposites containing carbon nanotubes as well as silver nano 

wires. This poster describes the methodology of these novel experiments and we use the data to develop a model of 

the behaviour of these elastomeric direlectrics. This builds on previous work on the electrical properties of 

conductive elastomers [1]  

[1] M.H.K.Peace and G.R.Mitchell Conductive Elastomeric Composites J. Phys.: Conf. Ser. 183 12011 2009 

doi:10.1088/1742-6596/183/1/012011 
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P1.14 Local structure of polymers in surface dominated nanodielectrics 

G Mitchell1,2 , S D Mohan1,2, R H Olley2, A S Vaughan3, F J Davis2 and T Gkourmpis2 

1Institute Polytechnic Leiria, Portugal, 2University of Reading, UK, 3University of Southampton, UK 

Nanodielectrics are essentially nanocomposites containing a dielectric polymer as the matrix and a low level of 

nanoparticles. Such materials have shown considerable promise as high voltage insulator materials. Detailed 

dielectric measurements show that the normal mixing laws are not applicable and more complex models have 

evolved often unsupported by experimental evidence for the model. There is a considerable body of work which 

assumes that the local structure is modified by the presence of the surface in order to accommodate the 

observation of different dynamics such as the glass transition. We have set out to use the power of broad Q neutron 

scattering tightly coupled with computational modelling to evaluate the structure of the polymer close to the surface 

of the nanoparticulates. 

We have prepared bulk samples with a sufficient high loading of the nanoparticulate so that all of the polymer is in 

close contact with the nanoparticulates We have selected atactic polystyrene as the polymer as we have extensively 

studied this material in the bulk using x-ray and neutron scattering coupled with computational model procedures. 

We know from these and other studies that the scattering from this material is particularly sensitive to changes in its 

local structure [1]. Samples were prepared using silicon oxide as the nanoparticulate and atactic polystyrene as the 

polymer. The samples were evaluated at room temperature, i.e. in the glassy state, using the GEM spectrometer at 

the ISIS pulsed neutron facility which is particularly suited to broad Q measurements.  

We compare the scattering function for the nanocomposites with that of the polymer alone and it is clear that there 

are some differences, especially in the region of the scattering function which we know from previous work is 

particular sensitive to the local structure. We develop a model from these data and we discuss how this connects 

with the existing models largely based on dielectric measurements. 

[1] Mitchell GR, Rosischwartz B, Ward DJ, Local Order in Polymer Glasses and Melts; Philosophical 

Transactions of the Royal Society of London, Series A-Mathematical Physical and Engineering Sciences 

348 (1686): 97-115 Jul 15 1994 
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P1.15 Observation of charge separation and gas discharge during sliding friction between metal and insulator 

T Miura 

National Institute of Occupational Safety and Health, Japan  

Gas discharge is one of well-known origin of tribo-luminescence. Previous microscopic studies of the tribo-

luminescence make it clear that the gas discharge occurs in a micro-scale gap between electrified surfaces around 

the real contact during friction between solid materials [1]. In other words, the gas discharge acts to reduce static 

electricity due to charge separation which is probably the inevitable in friction. In this study, electric charge 

generated by friction in a vacuum and in a gas was measured; the quantity of charge separation and efficiency of 

charge reduction was evaluated. 

The experimental equipment for friction between solids was based on pin-on-disk technique and it is settled in a 

vacuum chamber which is made of stainless-steel and grounded electrically. The pin was made of metal, e.g. 

stainless-steel, and the disk was made of insulator in the present experiment. The metal pin was directly connected 

to electrometer input; electrical charge generated on the metal side was measured and the accumulation was 

monitored during sliding friction in real time. The disk made of an optically transparent material, e.g., fused quartz, 

was used to measure the contact area with a microscope and a CCD camera. The density of charge separation was 

calculated from measurement of generated charge and friction area. 

The experimental results are shown in the figure. Density of charge separation was calculated to be about 4x10-4 

C/m2 from the measurement in a vacuum. In nitrogen gas, the results show a number of rapid reductions of the 

accumulated charge caused by gas discharge. At the gas pressure of 0.4 atm, static electricity, i.e., remain on the 

surface, was smaller than 1% of the initial charge separation. At 1 atm, charge cancelation was insufficiency and 

about 20% of the separated charge remained on the rubbed surface of quartz. 

 

[1]   T. Miura and I. Arakawa, IEEE Transactions on Dielectric and Electrical Insulation, 14, p560-565 (2007) 
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P1.16 Laboratory bench for the characterization of triboelectric properties of polymers 

B Neagoe, T Zeghloul, Y Prawatya, D Souchet and L Dascalescu 

Institut P’ – CNRS – Université de Poitiers – ENSMA, France 

The use of polymers as materials for sliding machine components is due to their low cost, ease of manufacturing, as 

well as appropriate mechanical and thermal properties. The design of such components should take into 

consideration the tribological processes in both lubricated and dry polymers-on-polymer contacts. Generation of 

electric charges through contact and friction between insulating materials has already been thoroughly studied [1], 

using various test methodologies [2]. This so-called “triboelectrification” effect affects friction and wear. It strongly 

depends on the load, on the speed and amplitude of the sliding motion, on the state of the surfaces in contact, and 

on the ambient conditions [3]. The characterization of the charging state of the surfaces in contact is a difficult 

challenge when the process involves two insulating materials. Therefore, the aim of the present work is to describe a 

laboratory bench designed for ensuring the reproducibility of the tribocharging conditions in sliding contacts 

between polymers.  

The experiments were performed with 4-mm-thick samples of polystyrene (PS) and poly-vinyl-chloride (PVC). The 

samples were cut in two sizes: A (100 mm x 15 mm) and B (50 mm x 183 mm). The samples A were fixed on an 

insulating block carrier, while the samples B were disposed on a grounded metallic electrode (200 mm x 200 mm), 

placed on a carrier attached to a variable-speed i system (Fig. 1). The forces exerted on the bodies in contact and 

their relative speed were continuously monitored, so that to fully characterize the tribocharging conditions. The 

distribution of charge at the surface of the samples was measured by the capacitive probe of an electrostatic 

voltmeter.  The experiments pointed out that this laboratory bench enables the evaluation of the non-uniformity of 

the electric charge accumulated on the sliding bodies and the study of the correlations that might exists between 

this charge and the external forces applied to the contact. 

 

[1] M. D. Hogue, C. R. Buhler, C. I. Calle, T. Matsuyama, W. Luo, and E.E. Groop, “Insulator-insulator contact 

charging and its relationship with atmospheric pressure”, J. Electrostat., vol. 61, pp. 259-268, 2004 

[2] J. Chubb, “The assessment of materials by tribo and corona charging and charge decay measurements”, 

The Institute of Physics Conference Series No. 163, Bristol, UK: Institute of Physics Publishing, 1999, pp. 

329–333 

[3] K. Hiratsuka and K. Hosotani, “Effects of friction type and humidity on triboelectrification and 

triboluminiscence among eight kind of polymers”, Tribol. Int., vol. 55, pp. 87-99, 2012 
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P1.17 Experimental characterization of triboelectric charging of polyethylene powders 

S Jantač, L Konopka and J Kosek 

Institute of Chemical Technology Prague, Czech Republic  

The triboelectric charging is still not a thoroughly understood phenomenon although this type of charging is 

considered to be one of the biggest problems in fluidized-bed reactors as well as in other pneumatic convey 

industrial processes. The storage of the granulated polyolefin also raises the fire hazard due to the risk of the 

electrostatic discharge. 

The ‘cascade method’ apparatus, that is a slide followed by the Faraday’s pail, was utilized in order to observe the 

particle-wall charging of polyethylene powders in friction contact with various materials. The Faraday’s pail is used 

to measure the charge ‘generated’ on the surface of the particles. Such experimental arrangement provides us with 

the value of the resultant charge on particles and the experimental procedure allows us to evaluate the charging 

dynamics. Since particles are not in a continuous contact with the slide, we utilize high-speed camera in order to 

evaluate the actual time of the particle-wall contact. 

Our results show that the evolution of the charge on the particles follows the saturation curve, where the saturated 

state is represented by the maximum charge. Such trend can be conveniently fitted by a combination of elementary 

functions, containing constants associated with system parameters. We determine the charging constants 

dependency on several parameters, namely on humidity, the slide surface roughness and the material of the slide 

(glass, aluminium and polyethylene). Our measurements imply that the humidity influences the charging process 

substantially more than the choice of the material of the slide. Moreover we observe significant charging even in the 

case of the same materials being in contact (polyethylene particles on the polyethylene slide). To better represent 

the conditions in the real reactor, the experiments are repeated also in an inert atmosphere with low amounts of 

humidity. 

The work contributes to a better understanding of the tribocharging phenomenon and the estimation of charging 

related parameters provides some data for the modelling of the complex process of charging of polyethylene 

particles. Polyethylene particles of several grades with varying polymer density and particle size distribution were 

investigated with respect to their charging. 
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P1.18 Operating parameters that influence the extent of electrostatic charging in gas-solid fluidized beds 

P Mehrani, A Sowinski and D Song 

University of Ottawa, Canada  

In gas-solid fluidized beds, generation of electrostatic charges is almost inevitable. However, the degree of charging 

and its negative effects including particle agglomeration and fluidization vessel wall coating can vary from one 

system to another. Since the generation of electrostatics in fluidized beds is due to the continuous contacts among 

the fluidizing particles and the particles and the vessel wall, the degree of bed electrification will be influenced by 

various parameters. They include particles and vessel wall material, and the bed hydrodynamics which are affected 

by operating conditions such as particles size, fluidizing gas velocity, and the operating pressure and temperature. 

One industrial process that in particular has tackled significant operational challenges due to electrostatic charging 

is the production of polyethylene that is conducted in catalytic gas-solid fluidized bed reactors. Thus efforts have 

been focused on understanding the electrostatic charging of polyethylene resin due to its fluidization. This work will 

present a summary of experimental work conducted to better understand the influence of the aforementioned 

parameters on polyethylene resin (LLDPE directly received from commercial reactors) charging and their coating of 

the fluidization column wall. The experimental work was performed in two metallic fluidization systems, one 0.1 m in 

diameter and 1.5 m in height operated at ambient conditions and a second 0.16 m in diameter and 4.5 m in height 

operated under high pressures of up to 25 atm. 
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P1.19 Material separation of catalytic ceramics based on electric field effects 

U Bochtler, D Trunzer and M Heider 

Aschaffenburg University of Applied Sciences (UAS), Germany  

This article presents the separation of materials with electrical methods based on electric field effects. 

At the end of the automobile product life cycle, stands a recycling process, which requires a high degree of 

reusability of construction materials. Today many materials like metals and rubber parts can be recycled up to 

approximately 100%. However, many other components like catalysts and diesel particulate filters (DPF) cannot be 

reused or just with high technical effort. 

Based on the fact, that DPFs in diesel vehicles came up in the year 2005 and many of those cars are still in use, the 

first big wave of discarded DPFs is still rolling towards the recycling industry. In addition, research has shown that, 

just a few companies are working on the recycling of DPFs. However, the filter ceramics inside the DPFs cause 

enormous problems. Especially the initially used Silicon Carbide causes new challenges during the melting process 

due to their high melting temperatures. The solution results in separating the materials before the melting process. 

First researches and simulations revealed that an electrical separation with electrostatic fields could be possible. 

The first step is to crush the ceramic filters into a fine granulate. For separation, the mixture is charged with the help 

of the triboelectric effect, which is based on the charge exchange between materials. This effect is better known as 

electrostatic charging. The separation is provided in a free-fall separator between two electrodes with a voltage 

difference in the upper two-digit kilo voltage range. Depending on the charge, of the particles, they are attracted to 

the positive or negative electrode and will be separated at the end of the falling process. Due to this pre-sorting, the 

separated materials can be further processed more energy efficient and with less residues. 
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P1.20 Design and performance of a small-scale wind turbine exploiting an electret-based electrostatic conversion 

M Perez1,2, S Boisseau1,2 and J L Reboud1 

1University of Grenoble, France, 2CEA, France 

This paper reports on a cm-scale wind turbine coupled to an electret-based electrostatic energy converter for 

airflows energy harvesting. The device we propose is made of a typical axial turbine to convert the wind energy into 

mechanical energy and of a patterned electret-based electrostatic converter to turn this mechanical energy into 

electricity. This is actually the first time that the mechanical power extracted by a turbine is turned into electricity 

with an electret-based electrostatic converter. Several prototypes (figure 1a) have been tested on a 30cmx30cm 

wind tunnel from 0 to 48m/s; a power of 150μW has been extracted on a 4cm-diameter device at 10m/s. 

While the science of heavy-duty turbines is “mature” with a very exhaustive bibliography, few publications are 

devoted to cm-scale turbine [1-3]. Regarding the turbine design, we have opted for an axial turbine equipped with 

four blades and an apparent surface of 83 %. The rotor diameter is about 40 mm and has a depth of 20 mm (10 

mm for the blades and 10 mm for the engine nose dome). The turbines have been fabricated by an additive 

manufacturing technique which has enabled to achieve a 1mm blade thickness; the lightness is strongly 

encouraged to ensure an early start of the turbine.  

As for the electromechanical conversion, the mechanical power harvested by turbines is generally turned into 

electricity with an electromagnetic converter. Electromagnetic converters are clearly the best option for medium to 

large scale devices with output powers higher than 1W. Yet, electromagnetic converters require quite big magnets to 

be efficient and can hardly be planar. Electrostatic converters can then be a good opportunity for small-scale 

devices. The electrostatic converter we propose is composed of N fixed electrodes electrically connected in non-

adjacent pairs to form the stator, the two electrodes thus created are linked by a load resistance. The rotor is 

composed of N/2 mobile electrodes covered by a 127um-thick Teflon electret (figure 1a). Electrets are electrically 

charged dielectrics able to keep their polarization for years. They polarize the electrostatic converter, just like 

magnets do in electromagnetic converters, enabling a direct mechanical-to-electrical conversion as soon as the 

capacitance of the electrostatic converter changes. 

The first results show that our devices begin to operate at 2.5 m/s. The output power reaches 150µW at 10 m/s, 

N=8 fixed electrodes, and an -1100 V electret (Figure 1c). These first experimental output powers are quite low, but 

fair compared to the other small-scale wind energy harvesters. Moreover, this validates the feasibility of an electret-

based conversion for small-scale turbines. It is also interesting to note that an increase in the number of electrodes 

N leads to a diminution of the output power, due to the increase of the parasitic adjacent capacitances. 

Complementary experiments are currently conducted to reduce the gap between the rotor and the stator to increase 

the capacitance variation and then the output powers of these new energy harvesters.  

       
(a) (b) (c) 

Figure 1.  a) Prototypes of electret-based turbines, b) Solidworks view, and c) Output power as a function of the electret 

surface voltage at different speeds: U=3.6 m/s, U=4 m/s, U=6 m/s, U=8 m/s, and U=10 m/s respectively from bottom to top.  

[1]  A. Bansal, D.A. Howey, and A.S. Holmes, Smart Materials and Structures 20 (2011), pp 1-12 

[2]  R. Myers, M. Vickers, and H. Kim, Applied Physics and Letters 90 (2007), pp 1-3 

[3]  R.T. Abdulmunam, L.Y. Taha, and P.C. Ivey, (2014), pp 667-672 
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P1.21 Effect of electrostatic field on microstructure of diabetic rat skin 

J Jiang, M Huang, Y Liang, W Yuan, X Guo, C Wang and L Cui 

Second Military Medical University, China  

Insulin is the drug choice for treatment of type1 diabetes and its most common delivery method is injection. 

However, chronic injection may cause patients’ intolerance and resistance. Therefore, studies on non-injectable 

insulin formulations attract interest from researchers, among which transdermal delivery of insulin is one of the 

research focuses. The physical strategies used to enhance drug’s skin permeation include iontophoresis, 

electroporation, electret, microneedles, etc. Electret is a currently developed strategy for enhancement of 

transdermal drug delivery. The effect of electrostatic field generated by electret on microstructure of skin is directly 

related to the efficacy of the transdermal insulin delivery system. 

In this paper, the polypropylene electret was prepared by constant voltage corona charging at room temperature 

with the grid voltages of ±500 V, ±1000 V and ±1500 V respectively. After covered by the electrets for 

predetermined time period, the microstructures of normal and diabetic rat skin were observed by optical microscopy 

and electron microscopy respectively. In comparison with that of the normal rat, the epidermis of the diabetic rat 

was thinner, no clear differentiation of the epidermis into distinct layers and absence of subcutaneous fat were 

observed. After being applied by negative electrets for 2 to 8 hours, the outmost layer of epidermis, that is the 

stratum corneum (SC), was becoming thicker with increasing time. Distinct order of the cell layers of the epidermis 

and collagen network of dermis were observed. Some of the subcutaneous and connective tissues were recovered 

from atrophy, but the cells were loose arranged. The magnitude of the surface potential of the negative electrets 

played almost no role in microstructure changes of diabetic rat skin. The positive electrets showed the same effect 

on structures of diabetic rat skin. The electrostatic field and microcurrent generated by electrets could improve 

subcutaneous microcirculation and promote collagen synthesis, providing appropriate space and microenvironment 

for living cells. On the other hand, the electrets could also enhance the cell growth, differentiation, transition and 

information transport, strengthen cell vitality, and improve the microstructure of diabetic rat skin. Therefore, the 

disorders of metabolism of diabetic rat resulted in the changes of microstructure of the skin. However, the 

electrostatic field of the electrets could effectively improve the microstructure of the diabetic rat skin and enhance 

its recovery.  
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P1.22 Transient interaction model of electromagnetic field generated by lightning current pulses and human body 

T Iváncsy, Z Á Tamus, L Szűcs and I Kiss 

Budapest University of Technology and Economics, Hungary  

The persons may suffer electrical lightning injuries in different ways: direct strike, contact injury, side flash or splash, 

ground current, upward streamer or leader. Besides these electrical injuries of lightning the authors brought up 

another deleterious effect of lightning strike [1,2]. The lightning current generates time varying magnetic field near 

down conductor and the down conductors are mounted on the wall of the buildings where residential places can be 

situated. It is well known that the rapidly changing magnetic fields can generate dangerous eddy currents in the 

human body and if the duration and the gradient of the magnetic field are enough high life threaten cardiac 

stimulation can be resulted. However, the coupling mechanism between the electromagnetic field the human body 

is based on well-known physical phenomena (e.g. Faraday’s law of induction), but the calculation of the induced 

current is very complicated because the shape of the organs is complex and the determination of the material 

properties of living tissues is difficult, as well. Nevertheless, many research groups have investigated the health 

effects of electromagnetic fields. Our previous study reveals that the cardiac stimulation is independent of the rising 

time of lightning current only the peak of the current counts [3]. 

In this study, the authors introduce an improved model of the interaction of electromagnetic fields of lighting current 

near down conductor and human body. Our previous models are based on the quasistationer filed calculations, the 

new improved model is a transient model because the magnetic field around the down conductor and in the human 

body can be determined more precisely therefore the dangerous currents in the body could be estimated. To the 

estimation of these currents further investigation of the reaction of the tissues to the short impulses are also 

necessary. 

[1]  Z. Á. Tamus, B. Novák, S. Szabó, I. Kiss, I. Berta: Can the Near Field of Lightning Impulse in Down 

Conductors Cause Harmful Health Effects? Proc. of the 30th Int. Conf. on Lightning Protection, ICLP2010. 

Cagliari, Italy, paper 1042 

[2]  Z. Á. Tamus, B Novák, L Szücs, I Kiss, “Health effects of electromagnetic field generated by lightning current 

pulses near down conductors”, Journal of Physics: Conference Series 301 (1), 012025 

[3] Z Á Tamus, T Iváncsy, I Kiss, L Szűcs, Evaluation of Nerve Stimulation of Electromagnetic Field by Lightning 

Current Pulses, 32nd International Conference on Lightning Protection (ICLP 2014), Shanghai, China, 

paper 443, pp.1495-1499 
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P1.23 Time-resolved investigations of electrohydrodynamic flow evolution in needle-to-plate positive corona 

discharge 

J Podliński1, A Berendt1, K Główczewski1 and J Mizeraczyk2 

1The Szewalski Institute of Fluid Flow Machinery, Polish Academy of Sciences, Poland, 2Gdynia Maritime University, 

Poland  

Electrostatic precipitators (ESPs) are widely used for dedusting gases. Corona discharge generated between a sharp 

high-voltage electrode and a grounded electrode is used in ESPs. The dust precipitation is mainly realized by the 

electric forces which move the charged dust particles to the grounded electrodes and collect them. However, the 

presence of corona discharge in ESPs causes also the so-called ionic wind which set the gas molecules and dust 

particles in motion. As a consequence, a secondary electrohydrodynamic (EHD) flow is formed, which affects the 

primary flow of the dust-polluted gas and the collection of the dust particles. When the DC high voltage is applied in 

the ESP the specified EHD secondary flow occurs. One of the proposals to improve the collection efficiency of 

particles in ESPs is to use a new kind of power supply with combined DC and pulsed voltage. In such case electric 

field and corona discharge affected by the voltage pulses cause strong changes in the EHD secondary flow. 

In our study we focused on an EHD flow generated by a high voltage positive pulse (without DC bias) in a needle-to-

plate corona discharge arrangement. We performed the temporal and spatial resolved measurements of the EHD 

flow evolution just after the corona discharge onset. The experimental apparatus for our study of the EHD flow 

consisted of a reactor with a needle-to-plate electrode arrangement, high voltage power supply and Time-Resolved 

Particle Image Velocimetry (TR PIV) equipment. 

The electrode arrangement consisted of a needle high voltage electrode (1 mm in diameter) made of a stainless-

steel, the end of which had a tapered profile with the tip having a radius of curvature of 75μm. The grounded 

electrode was made of 1 mm thick stainless-steel plate. The interelectrode distance was 25 mm. An acrylic box, 

with the needle-to-plate electrode arrangement inside was filled with air seeded with dust particles (incense 

smoke). 

The flow and velocity field (PIV) images, recorded just after the corona discharge onset (in intervals from tens to 

hundreds μs) illustrate the temporal and spatial evolution of the EHD flow. They show the formation of a particle 

flow in a narrow channel below the needle electrode just after applying high voltage, then the channel expands and 

the flow velocity in the channel rises. This movement initiates a flow of the seeded gas from the needle-tip 

neighbourhood into the plate electrode, where spreads to the sides and develops in form of regular vortices. 
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P1.24 Numerical modeling and simulation of aerial vehicle charging and discharging process 

D Zhaoheng, L Shanghe, W Ming, H Xiaofeng and W Lei 

Institute of Electrostatic and Electromagnetic Protection, China  

The electrostatic charge accumulated on flying aerial vehicle due to varieties of electrification mechanisms may 

degrade the performance of aircraft and cause lots of direct and potential harm [1,2]. By analyzing the main 

mechanism of aerial vehicle electrification, a triboelectricity charging current equation of aerial vehicle flying 

through clouds was derived as well as the influence factors related with charging current. Based on the analysis of 

main discharge modality and related factors on discharge threshold [3], the solutions expressing the time variation 

of the values of aerial vehicle charge and electrostatic potential are found, and the general analytic expression of 

aerial vehicle electrostatic charge value was derived. Using the general expression of charge value, we deduced the 

expression of the maximum amount of aerial vehicle charge and potential, which may serve as a momentous basis 

for aerial vehicle electrostatic protection and security evaluation. Study results indicate that the quantity of aircraft's 

electric charge increases rapidly with time until it reaches a maximum value, the charge amount could increases to 

nearly 17μC within 0.5 seconds typically, the voltage will be up to 8.5kV, and the maximum amount of aerial 

vehicle charge is proportional to vehicle’s capacitance. By means of increasing the number of dischargers or corona 

discharge factor, optimizing the discharger characteristic, and reducing charging current, the maximum amount of 

aerial vehicle charge can be crippled efficaciously. 
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[1] Fedorov V A. Electrification of a rocket during its launch and motion in the atmosphere along active part of 

the trajectory [J]. Cosmic Research, 2011, 49 (4): 374-381 

[2] Ireland P M. Contact charge accumulation and separation discharge [J]. Journal of Electrostatics，2009, 

67(2/3): 462-467 

[3]  Matsusaka S, Maruyama H, Matsuyama T, et al. Triboelectric charging of powders: a review [J]. Chemical 

Engineering Science, 2010, 65(22): 5781-5807 
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P1.25 A strong connection between tribocharges and friction force at interfaces 

T A L Burgo1, F Galembeck1 and A Erdemir2 

1National Nanotechnology Laboratory, Brazil, 2Argonne National Laboratory, USA 

Friction and triboelectrification of materials show a strong correlation during sliding contacts. Experiments to 

determine friction coefficients tribocharged dielectric surfaces are highly affect by electrostatic charges. As a result, 

friction coefficients at the macro- and nanoscales increase many-fold when surfaces are tribocharged. Adhesion 

maps obtained by atomic force microscopy (AFM) and force-distance curves recorded on dielectric surfaces 

exposed to friction show that the region of contact increases the pull-off force from 10 to 150 nN, reflecting on a 

resilient electrostatic adhesion between charged dielectrics and the metallic surfaces. Also, stick-slip phenomena 

(friction force fluctuations) are always accompanied by two tribocharging events at metal–insulator interfaces: 

injection of charged species from the metal into insulator followed by the flow of charges from insulator to the metal 

surfasse, called tribocurrent. In conclusion, tribocharging may supersede all other contributions to macro- and 

nanoscale friction coefficients in dielectrics and other materials. Moreover, the use of AFM contact modes, such as 

friction force microscopy (FFM), could be combined with techniques for monitoring the triboelectrification of 

surfaces, for example by measuring the tribocurrent, which would result in a powerful complementary method to 

AFM. 
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P2.01 Acoustic effects of single electrostatic discharges 

L Orzech 

Institute of Mining Technology KOMAG, Poland  

Electric discharges, depending on their character, can emit different types of energy, resulting in different effects. 

Single electrostatic discharges besides generation of electromagnetic pulses are also the source of N acoustic 

waves. Their specified parameters depending on amount of discharging charge enable determination of value of 

released charge in a function of acoustic descriptor (e.g. acoustic pressure). Presented approach is the basics of 

acoustic method for measurement of single electrostatic discharges, enabling direct and contactless measurement 

of value of charge released during ESD. 

Method for measurement of acoustic effect of impact of a single electrostatic discharge on the environment in a 

form of pressure shock wave and examples of acoustic descriptors in a form of equation Q=f(pa) are described. 

Moreover, the mechanism of generation of N acoustic wave in a result of spark-over of a single SD from high-energy 

source as the sequence of shots made by Schlieren Photography method with use of rapid shot camera is 

discussed. The properties of measuring system as well as the results of regression static analyses used to determine 

the described relationships are analysed in details. 
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P2.02 Non-contact surface resistivity measurement for the material greater than 109  Ω 

T Sugimoto1 and K Taguchi2 

1Yamagata University, Japan, 2Napson Corporation, Japan 

Non-contact surface resistivity tester for the material greater than 109 Ω have been developed using surface 

potential measurement technique along with corona charging. The tester was composed of a grid type corona 

charger and a surface potential probe. A test material was electrically floated and placed below the tester with a 

gap of 1 to 2 mm without contact to the material. The bottom side of the tester facing to the test material was half-

cylindrical shape for effective charging and measuring of the test surface. In the corona charger, a high voltage 

needle electrode was located horizontally to the half-cylindrical grid electrode. After the applied voltage to the grid 

electrode was set at V0=+500 V, the high voltage of +3.5 kV was applied to the needle electrode to charge up the 

surface of the test material just below the grid electrode called charging zone. The surface potential v under the 

potential probe called measuring zone was observed along with charging of the charging zone. The normalized 

surface potential, v/V0, changed from 0 to 1 with time elapsed. The normalized surface potential was found to be a 

function of surface resistivity including error function as theoretically predicted by [1]. However, there was a minor 

deviation from the predicted error function for lower surface resistivity range.  The rising time was observed by from 

the measured surface potential when v/V0 becomes 0.63. As shown in the figure below, the rise time linearly 

increase with the surface resistivity. The tester can be calibrated from 109 to 1015 Ω by Fig. 1. However, for higher 

surface resistivity over than 8x1013 Ω ime 

was also greater than 60s. Hence, the tester was also calibrated by the measured v/V0 at 60 s using the 

theoretically predicted exponential function for higher surface resistivity range.  It was found that the final 

measurement range of the tester was from 109 to 1016 Ω and the maximum measurement time was 60s. 

 

[1]   T. Sugimoto et.al.   Trans. on IEEE Ind. Appl. Vol. 48. N0.5 pp. 1657-1661. Sep/Oct 2012  
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P2.03 Current oscillograms of streamers in air by 50 μs voltage pulse impact 

V Chirkov, A Samusenko and Y Stishkov 

St. Petersburg State University, Russia  

Streamer is a branching channel of non-temperature plasma. Character time of streamer growing is about 10-7÷10-6 

seconds for air gaps of ~10-1 m length. That is why streamer dynamics can be hardly studied by video recording. A 

valuable source of experimental data is a current oscillogram in this situation. From this streamer growing time, 

average velocity, space electric charge, resistance of streamer channel may be derived. Peculiarities of current 

oscillograms in sphere-plane and sphere-sphere electrodes systems are considered. High voltage electrode polarity 

influence is discussed. A special attention is paid to the process of transfer from streamer to spark discharge. In this 

case a typical current oscillogram begins by streamer pulse with maximum value about 1 A and is closed by 

breakdown current up to 103 A. A special electric scheme with two measuring systems for different current ranges 

was used to provide protection for low current measuring device. 

 

Figure 1. Current oscillogram of streamer discharge and posterior spark breakdown in sphere-sphere electrodes 

system. 
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P2.04 Characterization of dielectric materials by the extension of voltage response method 

Z Á Tamus, D Csábi and G M Csányi 

Budapest University of Technology & Economics, Hungary  

The voltage response method measures the decay and return voltages on a charged dielectric. The timing diagram 

of the measurement can be seen in Fig. 1. The decay voltage (Vd(t)) can be measured after the relatively long 

duration (100…1000 s) charging period (tch) of the arrangement. The return voltage (Vr(t)) can be measured after a 

few seconds shorting (tdch) of the charged insulating material. The initial slope of the decay voltage (Sd) is directly 

proportional to the specific conductivity of the material. The slope of the return voltage (Sr) is directly proportional to 

the polarizational conductivity of slow (processes having time constant higher than 1 s) polarization processes [1]. 

The weakness of this method is that the whole polarization spectrum of the material is characterised by only one 

number (Sr), whereas the distribution of elementary polarisation processes by time constant is not uniform. The 

different ranges of polarisation spectrum can be investigated by the changing of charging (tch) and discharging (tdch) 

times and in this way the original voltage response method can be extended [2, 3]. 

In this paper, this extension of the voltage response method is introduced by some measurement of different kind of 

dielectric materials and the model of the measurement. The results are compared by other dielectric spectrum 

methods and a method is suggested for conversion of the measurement results. 

 

Fig. 1. Timing diagram of Voltage Response measurement 

[1] E. Németh, 1999, Measuring voltage response: a non-destructive diagnostic test method of HV insulation, 

IEE Proc.-Sci. Meas. Techno., Vol. 146, No.5., Sept. 1999, pp. 249-252 

[2] Z.Á. Tamus, N. Szedenik, Investigation of temperature dependence of dielectric processes in thermally aged 

PVC insulation, Journal of Electrostatics vol. 71. (3), pp. 462-466. 2013 

[3] G.M Csányi, Z.Á Tamus, Temperature dependence of conductive and polarization processes of PVC cable, 

IEEE Electrical Insulation Conference (EIC), 2014, 8-11 June 2014 Philadelphia, PA, pp. 299-302 
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P2.05 Modelling material dependent parameters of layer type straight coils for fast transient pulses 

Z Á Tamus, T Orosz and G M Kiss 

Budapest University of Technology & Economics, Hungary  

The fast transient pulses generated by electrostatic discharges and lightning current changing the electrical field 

distribution in windings of electrical machines results in extreme high electrical stress on turn insulation. 

Theoretically, the voltage stress of the winding can be determined if the distributed electrical parameters of that is 

known, however the calculation of distributed capacitance and inductance of windings is very difficult task. 

The paper [1] has showed that the classical distributed parameter calculations based on analytical winding model 

can be effectively used, not only for stress calculation in electrical machines, but also for calculation of the upper 

frequency bandwidth limit of current transducers. Moreover, it has revealed that the high value of distributed 

capacitance of windings can help to decrease the phase error of Rogowski-coil based current transducers at 

nominal frequency. 

The accuracy of the analytical models mainly depends on the accuracy of parameters. In the case of power 

transformers there are a several type of winding methods is used to increase the capacitance of winding. The paper 

[2] describes a general finite element based method, which can handle different kind of coil windings and improves 

the accuracy of parameter estimation. The distributed capacitances depend on the dielectric properties of the 

materials, which are used for coil insulation.  

In our research, we have measured different type of straight-layered coil to characterise them. Moreover, the 

frequency dependent dielectric properties by the measurements have been added to improve the analytical and 

finite element calculations. The results of the model validated by laboratory measurements. 

[1] Z. Á. Tamus, High Frequency Behavior of Rogowski-coil Passive L/r Integrator Current  Transducer, IEEE 

Postgraduate Conference on Electrical Power Systems, Budapest, Hungary 11-14. 08. 2002. pp. 115-118 

[2] T. Orosz, Z. A. Tamus, és I. Vajda, „Modeling the high frequency behavior of the Rogowski-coil passive L/r 

integrator current transducer with analytical and finite element method”, in Power Engineering Conference 

(UPEC), 2014 49th International Universities, 2014, p. 1–4 
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P2.06 Re-creation of aerosol charge state found near HV power lines using a high voltage corona charger 

J C Matthews1, M D Wright1, M F Biddiscombe2, S R Underwood2, O S Usmani2, D E Shallcross1 and D L Henshaw1 

1University of Bristol, UK, 2NHLI, Imperial College London and Royal Brompton Hospital, UK 

Corona ionisation from AC HV power lines (HVPL) can release ions into the environment, which have the potential to 

electrically charge pollutant aerosol in the atmosphere. It has been hypothesised that these charged particles have 

an enhanced probability of being deposited in human airways upon inhalation due to electrostatic attraction by 

image charge within the lung, with implications for human health [1].  

Carbonaceous aerosol particles from a Technegas generator were artificially charge-enhanced using a corona 

charger adapted from the design of Qi et al. [2] to ascertain the extent of any charge-mediated increase in aerosol 

deposition in human volunteers. Once generated, particles were passed through the charger, which was either on or 

off. Particles were stored in a 15 litre conducting bag for ~20 minutes to observe size and charge distribution 

changes over time. Charge states were estimated using the technique described in [3] whereby two Sequential 

Mobility Particle Sizers (SMPS+C, Grimm) are used to measure the size and mobility distribution, from which a 

charge distribution is estimated . The average number of charges n on particles of diameter d can be described at a 

constant charge temperature T  using the single value x, all other values being constant (ε0 is the permittivity of free 

space, k the Boltzmann constant and e the charge on one electron), 

0

2

2
ln

dkT
n x

e


         (1) 

Uncharged particles were measured 7 times and charged particles 9 times, the average’ uncharged’ value of x was 

0.999 (sd = 0.054) while the average ‘charged’ value was 4.597 (0.721), these estimations do not account for 

differences between SMPS performance. Figure 1(a) shows the size distribution measured by SMPS for typical 

charged and uncharged particles on the first scan (~3 minutes after bag was filled) and after the fifth scan (~20 

minutes after bag was filled). Figure 1(b) shows the average number of charges on each size n, as estimated by 

equation (1), for the same four samples as figure 1(a), and for the charge state measured downwind of an HVPL as 

described in [3]. 

  

 

 
Figure 1: (a) Normalised size distribution of charged and uncharged particles after one and five SMPS scans. (b) Charge 

distribution of charged and uncharged particles after one and five SMPS scans, and found downwind of an HVPL. 

The results presented in the paper will characterise the size and charge distributions of the particles used in a 

human volunteer study, designed to be close to that found downwind of HVPL. 

[1] Fews A P, Henshaw D L, Wilding R J and Keitch P A 1999 Int. J. Radiat. Biol. 75 1523-31  

[2] Qi C, Chen D –R and Pui D Y H. 2007. J. Aerosol. Sci. 38 775-92 

[3] Buckley A J, Wright M D and Henshaw D L 2008 Aerosol Sci. Technol.42 1042−51 
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P2.07 Discrete element method modeling of the triboelectric charging of polyethylene particles: Can particle size 

distribution and segregation reduce the charging? 

L Konopka and J Kosek 

Institute of Chemical Technology Prague, Czech Republic  

Particles of various size are transported in industrial pneumatic convey particulate systems. The contact of the 

particles with a device wall as well as the mutual particle collisions cause electrons on the particle surface to 

redistribute in the system. Such mostly undesirable feature known as the triboelectric charging results in several 

operational problems and safety risks in industrial systems, for example in the fluidized-bed polymerization reactor.  

We study the charging of polyethylene particles caused by the particle-particle interactions in air. Our model 

employs the Discrete Element Method (DEM) describing the particle dynamics and incorporates the ‘Trapped 

Electron Approach’ as the physical basis for the considered charging mechanism.  The model predicts the charge 

distribution among the particles in air in systems with various particle size distributions and various level of 

segregation. The simulation results are in a qualitative agreement with experimental observations of similar 

particulate systems specifically in two aspects: 1) Big particles tend to gain positive charge and small particles the 

negative one. 2) The wider the particle size distribution is, the more pronounced is the charging process. Our results 

suggest that not only the size distribution, but also the effect of the spatial segregation of the polyethylene particles 

significantly influence the resultant charge ‘generated’ in the system.  

We note that both the level of the particle segregation and the particle size distribution of polyethylene particles can 

be in practice adjusted by the choice of supported catalysts, by the conditions in the fluidized-bed polymerization 

reactor and by the present flow regime. We also predict how the reactor temperature affects the triboelectric 

charging of particles. 
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P2.08 Electrostatic modeling of cavities inside linear actuators 

T van Beek, J W Jansen, J van Duivenbode and E A Lomonva 

Eindhoven University of Technology, Netherlands  

This paper describes the modeling of two-dimensional electric fields inside linear actuators where cavities in the 

cooling environment are present. A semi-analytical model based on Fourier series is extended for cavities and 

incorporates the curvature of corners. The model shows good agreement with finite element method. The effect of 

position and sizes of the cavity are investigated as well as the curvature of the corners of the cavity. 

Linear actuators are composed of an array of coils and a set of permanent magnets, where the interaction between 

the magnetic fields produces a propulsion force. To allow a high power density, the coil array is mounted on a 

cooling plate, as shown in Fig. 1a, which for safety reasons is connected to protective earth. However, cavities are 

present in the geometry of the cooling plate because of surface irregularities or mounting holes. The corners of the 

cavities introduce electric field enhancement, which can cause local dielectric breakdown if the breakdown strength 

of the insulation is exceeded. This will eventually result into failures and negatively affect the lifetime of the actuator. 

 

Fig. 1a.   Overview of a periodical section of                                   Fig. 1b.      The electric potential along line ϒ given by FEM 

                 the coil assembly in a linear actuator                                        and the model for different widths of the cavity  

A 2D semi-analytical model based on Fourier analysis is presented to model the potential and electrical field 

distribution inside a periodical section of a coreless linear actuator. Previously, the curvature of corners has been 

taken into account for single, symmetrical corners [1]. However, asymmetry in the geometry or potential distribution 

is not accounted for. In magnetics, this asymmetry is taken into account by mode-matching [2], but the curvature of 

corners is neglected. In this paper both the curvature of corners as well as the asymmetry of the geometry and 

potential distribution for electric fields are taken into account. The semi-analytical model shows a good agreement 

with results of a 2D finite element method model using Cedrat FLUX2D, as shown in Fig. 1b. 

In this paper, a 2D semi-analytical model presents the potential and electric field distribution of a periodical section 

inside a linear actuator where cavities are present. The semi-analytical shows good agreement with 2D finite 

element method. Furthermore, results are presented on the effect of the sizes and position of the cavity on the 

potential and electrical field distribution. 

[1]  L. Krähenbühl, F. Buret, R. Perrussel, D. Voyer, P. Dular, V. Péron, C. Poignard, “2D electrostatic problems 

with rounded corners”, presented at COMPUMAG 2011, Sydney, Australia, July 2011 

[2]  B. Gysen, K. Meessen, J. Paulides, and E. Lomonova, “General formulation of the electromagnetic field 

distribution in machines and devices using Fourier analysis,” IEEE Trans. Magn., vol. 46, no. 1, pp. 39–52, 

Jan. 2010 
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P2.09 General method for determining multipolar dielectrophoretic forces for arbitrary particle and electrode/field 

geometries 

H Nili1 and N Green2 

1Institute for Research in Fundamental Sciences (IPM), Iran, 2University of Southampton, UK 

In all dielectrophoresis (DEP) designs and applications to date, the DEP force has been determined by invoking 

either or both of these approximations: (a) the dipole approximation that ignores multipolar contributions to the DEP 

force, and (b) modelling non-spherical particles as spheres of similar dimensions. In previous work [1, 2], we 

applied a hybrid numerical-analytical method [3] to quantitatively evaluate the significance of higher-order effective 

moments and dielectrophoretic forces for the particular case of non-spherical particles, that comprise the vast 

majority of biological particles encountered in microfluidic lab-on-a-chip. It was shown that non-spherical particles 

experience multipolar DEP forces of considerably increased significance compared to a sphere of similar 

dimensions. For test cases of cylindrical and ellipsoidal particles subjected to the electric fields generated by point-

plane and disc-plane electrode structures, we showed that more than 40% of the DEP force can be comprised of 

higher-order terms. The findings proved the widely and indiscriminately used dipole approximation erroneous, and 

highlighted the necessity of including higher-order terms in DEP designs and applications. The method presented 

and applied to test cases in [1, 2], while providing ‘proof-of-concept’ evidence for the importance of higher-order 

DEP forces for non-spherical particles, was only applicable to axially symmetric settings. In this work, we present an 

important extension of the method that enables precise determination of second- and third-order terms of the DEP 

force exerted by an electrode structure of arbitrary geometry on non-spherical particles of arbitrary shape and size. 

The method is applied to brick-shaped particles in quadrupolar and octupolar DEP traps, and the results – proving 

the significant contribution (>30%) of multipolar forces – are verified by comparison against the unassailable 

Maxwell stress tensor method. The method is hybrid numerical-analytical, void of differentiation error, and 

computationally inexpensive. It can favourably replace qualitative ‘by-inspection’ judgements on whether or not 

multipolar forces would need to be accounted for (a yes/no answer that we have shown to be very commonly 

wrong) by quantitative fast and accurate determination of higher-order DEP forces, proven to be of added 

significance for non-spherical particles. We demonstrate the overlooked importance of electric field curvature (not 

only gradient) on multipolar contributions to the DEP force. We also present the interesting effect of aspect ratio (for 

a given non-spherical shape) on individual and overall contributions from higher-order terms to the total 

dielectrophoretic force. 

[1]  H. Nili and N.G. Green, Higher-order dielectrophoresis of non-spherical particles, Phys. Rev. E 89, 063302 

(2014)  

[2]  H. Nili, T. Sun and N. G. Green, Higher-order dielectrophoretic force characterisation of non-spherical 

particles, J. Phys. Conf. Ser. 301(1), 012061 (2011)  

[3]  N.G. Green and T.B. Jones, Numerical determination of the effective moments of non-spherical particles, J. 

Phys. D: Appl. Phys. 40(1), 78 (2007) 

 

 

 

 

 

 

 

 

 



 

84 Electrostatics 2015 

P2.10 Numerical study of electrical double layer development: Analysis of the charge genesis 

P Leblanc1, J M Cabaleiro2,3 and T Paillat1 

1Institut P’ – CNRS – Université de Poitiers – ENSMA, France, 2University of Buenos Aires, Argentina, 3Marina 

Mercante University, Argentina 

When a liquid is put in contact with a solid a physicochemical reaction, which is still not understood, leads to the 

formation of the Electrical Double Layer (EDL). This double layer consists of two zones of opposite electric charges, 

one in the liquid and the other one in the solid. Different models have been proposed to describe the origin of the 

EDL, e.g. the adsorption model [1] and the corroding model [2], 

This work presents a numerical simulation of the EDL development process at a pressboard/oil interface. First, the 

study is conducted for static EDL development (without liquid flow) until it reaches static equilibrium. Afterwards, 

the EDL is perturbed by a laminar liquid flow leading the flow electrification phenomena (dynamic study). The 

equations of conservation of charge of the liquid species have been implemented in a developed version of 

“Electricité de France” finite volume CFD tool Code_Saturne®. A parametric study was performed to consider 

different chemical reaction scenarios and different models (namely: adsorption and corrosion models). 

 

Figure 1: Typical Result - Static Case 

[1]  G. Touchard, T. W. Patzek. C.J. Radke, “A physicochemical explanation for flow electrification in low-

conductivity liquids in contact with a corroding wall,” IEEE Trans. Ind. App., vol. 32, No. 5, pp.1051-1057, 

Sept. 1996 

[2]  A. P. Washabaugh and M. Zhan, “A chemical reaction-based boundary condition for flow electrification,” 

IEEE Transactions on Dielectrics and Electrical Insulation, vol. 4, No. 6, pp. 688–709, Dec. 1997 
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P2.11 Numerical study on the DC corona discharge for the active airflow control along the flat plate 

M Ghazanchaei, K Adamiak and G S P Castle 

University of Western Ontario (UWO), Canada  

When a high voltage is applied between two electrodes, ions are produced and drift from the exposed electrode to 

the collecting one under the Coulomb force. These ions exchange momentum with air molecules and induce a fluid 

motion so called electro-hydrodynamics (EHD). Such Induced gas flow and operate as an actuator for the control or 

modify the flow around a profile. In this study, first we numerically simulate the physics of a 2D corona system in 

order to study the ability of the DC corona discharge to actively modify low-velocity airflow along a flat plate.  The 

investigated model involves mutual interaction between the electric field, space charge density and gas flow. A 

single species model for positive corona discharge has been developed in this study, since the ionic wind in this 

case is mainly caused by positive ions. The corona system consists of two electrodes placed on the insulating 

surface of the plate. By using this configuration, the ionic wind may be to accelerate the tangential airflow very close 

to the wall and the airflow. In order to improve our understanding of the physical mechanisms associated with the 

system, velocity profiles within the boundary layer of the flat plate are presented for a free air stream velocity up to 

a few meters per second. The effect of voltage level and geometrical characteristics of the corona discharge on the 

system performance has been discussed. The numerical model was used to investigate the air control 

characteristics as a function of plate orientation. Effects of corona discharge on the mechanical drag and electro-

kinetic efficiency were also studied. The results show that the velocity of the ionic wind at the wall increases with 

applied voltage and the EHD actuator causes drag reduction. 
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P2.12 Aerosol droplet charge control via rapid plasma transport 

C Mahony1, N Hamilton1, C Kelsey1, E Bennet2, D Rutherford1, D A McDowell1, H Potts2, D Diver2, D Mariotti1 and  

P Maguire1 

1University of Ulster, UK, 2University of Glasgow, UK 

Transport of liquid droplets through a non-thermal equilibrium microplasma should result in evaporation and droplet 

charging, among other possible effects. The magnitude of the charge, up to the Rayleigh limit, will depend on 

droplet size and plasma parameters as well as net recombination in the plasma afterglow/transition region where 

quasi-neutrality is not maintained. Evaporation within the plasma will reduce size and hence charge. However for 

short plasma transport times the evaporation may be limited. Charged droplets exiting the plasma would then 

evaporate without losing charge until the Rayleigh limit is reached. Through control of plasma transport and 

evaporation, droplet charging with enhanced accuracy and increased magnitudes may be possible. 

We have developed a system for entraining micron- 𝜇m – 𝜇m) within a narrow rf-driven 

cylindrical He-Ne microplasma operated at atmospheric pressure. Transport times can be varied between 20𝜇s to 

>100𝜇s. Droplets exit the plasma with a velocity distribution within a parabolic envelope, figure 1(a), and droplets 

with net charge have been observed up to ~20mm from the plasma exit. The plasma induced evaporation results in 

an average diameter reduction of < 5𝜇m, figure 1(b). We are currently exploring the droplet chemistry and its 

potential dependence on electron bombardment as well as the possibility of transferring the charge to single 

bacteria cells trapped within each droplet. Other applications under investigation include nanomaterials synthesis in 

droplets. 

  

Figure 1: (a) velocity distribution (relative to average gas speed) of droplets at ~2.5mm from plasma exit with (filled) and 

without (empty) plasma. Some (~10%) larger slow droplets (shaded) are observed mostly without plasma exposure. (b) 

Average diameter and velocity changes due to plasma exposure. Central coordinate of each ellipse indicates arithmetic 

mean while ellipse outline represents 1 standard deviation. 
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P2.13 Corona charging triode systems 

M Kaci, H Ait said and R Alkama 

University of Bejaia, Algeria  

In corona charging triode systems, there are three electrodes; high voltage electrode, ground electrode and grid 

electrode between them. Usually, researchers use triode system in different corona charging applications (filtration, 

separation particles …). The difference between triode models is located in the manner to use grid electrode.  Grid 

electrode can be connected to the ground through resistance, high voltage source or no connected. The aim of this 

paper is to characterize the different corona charging triode systems by using current voltage and current density 

measurements method and to compare between them. This study, offers for us a best comprehension of triode 

models, and tells us in which case or research to use each model and the best adjustment of geometrical charging 

parameters (distance between electrodes, position of the grid, dimension of dual electrode …etc).  

 

P2.14 Characterization of three electrode systems for charging electrets 

M Kaci, R Alkama and H Ait said  

University of Bejaia, Algeria  

There are many researches in corona charging methods for electrets filter, used to study the properties of this media 

due to electric charge. 

The filtration efficiency depends on the strength of electric field as seen by particle, which is determined by the 

charge and charge distribution on the surface of the media. 

In relation with charging of electrets air filters, various corona electrode have been developed and extensively 

studied. For the characterization of these electrodes, there are measurement current-voltage and current density 

distribution characteristics which are the rapid way for this corona electrode characterization. 

In this paper, a study of three electrode systems is represented by determination of the measurement current-

voltage and current density distribution characteristics. 

 

P2.15 A study of metal extraction from mineral using non-thermal plasma in water 

A tri Sugiarto1 and R Permanawati2 

1Indonesian Institute of Sciences, Indonesia, 2Plasma Centre Indonesia, Indonesia 

Hydrometallurgy is known as a middle temperature extraction process. In general acid base extraction is use in 

hydrometallurgy process for metal extraction. Acid leaching using sulfuric acid, nitric acid and chloride acid with 

adjusted temperature and pressure are used for metal extraction from mineral ore. However, acid leaching is always 

problem with a large number of acid wastewater after their process. In this study, extracting metal from mineral 

using non-thermal plasma in water was investigated. Cu extraction form chalcopyrite mineral was investigated in 

this study. As a result, Cu was extracted using non-thermal plasma in water without acid addition. Active species, 

shockwaves and temperature which are generated form plasma in water may play an important role in extracting 

metal from minerals. Non-thermal plasma in water became a new promises method for future hydrometallurgy with 

environmental friendly label. 
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P2.16 Impact of presence of space charges and water trees on the electric field distribution in the polymeric 

insulation of a medium voltage cable 

M Meziani, A Mekhaldi and M Teguar 

Ecole Nationale Polytechnique d’Alger, Algeria  

The presence of water trees with accumulation of space charges in the extruded synthetic insulation used in the 

electrical insulation of power cables, usually cross-linked polyethylene (XLPE), is still a major problem. These two 

phenomena play a significant role in the electrical aging of polymeric insulations, particularly in wet environments. 

Consequently, a full understanding of the dynamic behavior of the space charge in AC operating conditions is 

required if insulated cable systems must be developed. To understand the behavior of this space charge in the 

presence of defects in polymeric insulation, an evaluation of the electric field distribution is essential. 

This paper deals with the investigation of the influence of presence of space charges and water trees growing from 

outer semiconducting layer of polymeric insulation used in the medium voltage cables, on the basis of numerical 

method results using Comsol Multiphysics. In our study, we presented the vented tree configurations model. We 

considered the case where these trees develop starting from the two semiconductor layers, interior and exterior of 

polymer insulation. The results of investigation showed that, the presence of water trees and accumulation of the 

space charges induce a significant variation of electric field in the insulation. The electric field decreases in a 

remarkable way in the vicinity of the interior semiconductor layer while it increases significantly in the vicinity of the 

external semiconductor layer. Moreover, we noticed a considerable decrease of the equipotential lines in the volume 

of the insulation compared to the case where there are no space charges. This distribution of the electric field 

depends on the magnitude of the space charge accumulated and their dynamic movement in the insulation with 

defects, as well as on the dimensions of the water trees developed in the cable insulation. Consequently, the 

intensification of the electric field close to the semiconducting layers facilitates the process of generating electrical 

tree and leads to premature breakdown.  Furthermore, the initiation of electric trees is more probable in the case of 

water trees growing from outer semiconductor layer than in the case of water trees growing from inner 

semiconductor layer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

Electrostatics 2015   89 

P2.17 Mechanism analysis and experimental research on aero-engine exhaust electrostatic charging 

L Shanghe, D Zhaoheng, H Xiaofeng, W Ming and W Lei 

Institute of Electrostatic and Electromagnetic Protection, China  

Complex physical and chemical reactions in combustion chamber while aero-engine is working will generate a large 

number of charged particles, causing the aero-engine electrification [1]. In order to research the mechanism and 

principle of the aero-engine exhaust electrostatic, the formation and evolution of charged particles are investigated 

using a theoretical model as well as its influencing factors [2,3]. Particular emphasis is placed on the comparative 

analysis of electrostatic testing principle and sensor scheme. A special electrostatic sensor, an electrostatic 

monitoring system, and an automatic monitoring software platform are developed. The efficiency of the platform is 

shown by the field test on a certain type of aircraft, which provides a large amount of exhaust gas electrostatic 

signal. Study results indicate that the starting and stopping process of aero-engine will produce significant 

electrostatic signal, the polarity of aero-engine normal exhaust gas’ charged particles is positive, the electrostatic 

potential will increase with the enlargement of engine’s revolution, the average volume charge density is 0.077 

nC/m3, the equivalent charging current is 2.26 nA, and the corona discharge frequency caused by aero-engine 

exhaust electrification is 14 kHz. 
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Fig. 1  Set-up of aero-engine exhaust 
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Fig. 2   Aero-engine exhaust electrification electrostatic potential 

 

[1] Wen Z H, Zuo H F, Pecht M G. Electrostatic monitoring of gas path debris for aero-engines [J]. IEEE 

Transactions on Reliability，2011,60(1):33-40 

[2] Temnikov A G, Gilyazov M Z, Matveev D A, et al. Studying electromagnetic interference spectrum in antenna 

under aircraft radome using models with artificial charged aerosol clouds[J]. Technical Physics Letters, 

2011, 37(9): 845-848 

[3] Vatazhin A B, Golentsov D A, Likhter V A. Experimental study of body charging in combustion products with 

soot particles[J]. Journal of Aerosol Science, 2004, 35(2): 477-488 
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P2.18 Novel sensing technique for static charge polarity detection of pharmaceutical particulates 

T Hussain, T Deng, M S A Bradley and D Armour-Chélu 

University of Greenwich, UK  

Electrostatic charge due to particle-particle and particle-wall contacts may generate significant hazards in process 

of bulk solids particulates especially for pharmaceutical industry. Although charge behaviour of particulates is 

erratic and not easy to predict, it would be desirable to characterise tendency of tribocharging prior to 

manufacturing. By taking into account such problems; recently an inductive sensing method bass developed.  

This novel method developed is able to detect either charge magnitude or charge polarity in practice in a very short 

period of time. Therefore it shows great potentials for characterising the charge of small pharmaceutical samples 

such as active pharmaceutical ingredients (API), or rapid charge detection in real time in processes. 

Evaluation studies were carried out, which demonstrated the ability of the method in different practical situations. 

The first case study was about tribocharging property detection of commonly used excipients such as lactose, 

mannitol, glucosamine hydrochloride and sorbitol. The second case study detected charging behaviour of API 

materials; salbutamol sulphate and budesonide used for Asthma. The last case study presented determination of 

charging characteristics in a number of formulated blends; Lactose-salbutamol sulphate, Lactose-budesonide, 

mannitol-salbutamol sulphate, and mannitol-budesonide. These evaluation studies reported that the method 

developed had great advantages on sensing charge properties in population of particulate materials by scanning all 

the individual particles of a reasonably large amount of sample materials. 
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P2.19 Intelligent electrostatic induction hydraulic spray nozzle for controlling cotton plant insects 

M Al-Mamury, N Manivannan, H Al-Raweshidy and W Balachandran 

Brunel University London, UK 

Cotton plant is more popular than other plants which are cultivated in Iraq and occupies large area of cultivation 

land [1]. Over the last fifteen years, products from cotton plant have reduced significantly due to lower cotton plant 

cultivation. The major reason is the damage of the plant by insects and consequently use of pesticides has become 

additional economic burden to the industry.  As a result, there is search for efficient use of pesticides. Efficient use 

of pesticides means, high coverage area, high deposition and low drift [2]. Induction electrostatic hydraulic nozzle 

can potentially be used to achieve these goals [3]. In this project, COMSOL software was used to simulate high 

voltage (~500v) to achieve a suitable design of a lab-scale induction of electrostatic spray.  Robot mobile with 

manipulator arm which was attached with both electrostatic spray nozzle and CCD camera and controlled by was 

used as the lab-scale intelligent electrostatic spray nozzle. Fig. 1 shows the lab experimental set-up. CCD camera 

was used to capture images of the artificial plants with artificial insects and the images were then sent to PC-based 

image processing algorithm to identify and locate the pesticides.  

 
Figure 1: Lab scale intelligent experimental set up 

Instructions were given to the robot to activate the spray nozzle and apply pesticides to the identified locations in a 

sequential manner. MATLAB software programs were used to analysis the images of the artificial plants, before and 

after application of the pesticide. Water sensitive paper was used to measure size of the droplets [1] and to 

calculate the soil contaminants. The nozzle achieved good coverage area, low drift and focused on the location of 

the insects.   The efficiency of spray nozzle achieved in the experiments is 80-85% of deposition on the plant.  

[1] http://wiki.dorar-aliraq.net/Iraqi laws/law/1626.html 

[2]  Patel, M.K, Ghanshyam, C.and Kapur C. (2013) “Characterization of electrode material for electrostatic 

spray charging: Theoretical and engineering practices”. Journal of Electrostatics 71 (2013) 55e60 

[3]  Mamidi, V.R., C. Ghanshyam, P.M. Kumar, and Kapur, P (2013). “Electrostatic hand pressure knapsack 

spray system with enhanced performance for small scale farms”. Journal of Electrostatics 71 (2013) 

785e790 
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