
 

Streamers in pulsed positive corona: low and high current
regimes
Citation for published version (APA):
Grabowski, L. R., Briels, T. M. P., Veldhuizen, van, E. M., & Pemen, A. J. M. (2005). Streamers in pulsed
positive corona: low and high current regimes. In E. M. Veldhuizen, van (Ed.), Proceedings of the 27th
International Conference on Phenomena in Ionised Gases (XXVII ICPIG 2005) 18-22 July 2005, Eindhoven, the
Netherlands (pp. 04-425-1/4). Eindhoven University of Technology.

Document status and date:
Published: 01/01/2005

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 24. May. 2023

https://research.tue.nl/en/publications/e4ef870d-04eb-4ee4-9c37-32db41b30ea8


Streamers in pulsed positive corona: low and high current regimes 
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Streamers are observed with a CCD camera in point-plane and wire-plane configurations. Two pulsed 
power supplies are compared: a spark-gap switched capacitor (C-supply) and a system with a transmission 
line transformer (TLT-supply). At 40 kV the C-supply gives ~1 A current and the TLT-supply 60 A, due to 
better impedance matching in the second case. At low currents the streamers are thin (~0.3 mm) and show a 
lot of branching. At high current the streamers are thick (~5 mm), nevertheless in both cases the current 
density is the same in both regimes, ~1 A/mm2. The influence of dielectric layers and a layer of water 
above the cathode is also shown. 
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1. Introduction 
The possibilities of using a low-

temperature plasma for environmental application 
are extensively studied and successfully 
implemented nowadays [1]. Many recent studies 
have been focused only on the industrial gas 
cleaning. The pulsed corona, one of the Advanced 
Oxidation Techniques (AOT’s), is widely used in 
that field [1]. Recently, attempts to use pulsed 
corona technique for waste water treatment have 
been successfully undertaken [2-4]. In those tests 
corona was created in the liquid phase. The 
creation of the electrical discharges above the 
liquid, in the gas phase is a relatively new 
approach. In such a configuration, the pulsed 
corona becomes a powerful source for the creation 
of ozone and other radicals, with high oxidation 
potential. Species created in the air phase are 
diffused easily into the thin layer of liquid, where 
they can react with impurities. The Corona Above 
Water (CAW) reactor to study the ozone creation 
and wastewater treatment is available [5-8].  
Earlier tests [7] confirmed that the pulsed corona 
is an efficient ozone source and a promising 
technique for wastewater cleaning. However, in 
order to obtain even higher performance a better 
understanding of the streamer propagation process 
is needed. Also, changes of the power supply units 
are necessary to improve the efficiency of the 
cleaning process. 

A comparatively new [9] concept of 
electrical supply system has been used in this 
work to study its effect on streamers development 
and propagation. The integral part of the system is 

a Transmission Line Transformer. The main 
functions of TLT are: increase of the output voltage, 
impedance transformation for faster switching and 
better matching with corona reactor, and protection 
of the switch against shortcuts and breakdowns. The 
streamer formation and propagation in the reactor 
are observed with an intensified CCD camera.  
 In the present paper we investigate the 
influence of physical (electrode configuration, 
presence of dielectric and liquid) and electrical 
(TLT presence, pulse energy) parameters on the 
streamer propagation process. 
 

2. Setups 
Two pulsed power supplies are used for the 

measurements presented here. The first supply uses 
a capacitor that is discharged via a semiconductor 
switch or a spark gap (from now on this is called C-
supply). Voltage and current are measured on the 
reactor side. A sketch of the supply and typical 
waveforms of voltage and current are given in [10]. 
The power supply works at maximal pulse 
amplitude of up to 45 kV which gives current pulses 
up to ~1 A and an energy per pulse of up to ~3 mJ.  
 
 
 
 
 
 
 
Fig. 1: The pulsed power supply using a sparkgap and a 
transmission line transformer. 
 



The second pulsed power supply incorporates the 
Transmission Line Transformer (TLT-supply) 
build from four 50 ohm coaxial cables (Fig. 1). At 
the generator-side, the lines are connected in 
parallel, thus providing low discharge impedance 
for the capacitor (12.5 ohm). At the reactor-side, 
the lines are connected in series. This output 
impedance of 200 ohm provides better matching 
with a corona reactor. In addition, the output 
voltage is increased by a factor 2. The capacitor C 
is discharged over the TLT via the spark-gap 
switch. This setup can operate with a repetition 
rate up to 25 pps, with the voltage up to 45 kV 
and the current of 60 A (Fig. 2). The current pulse 
duration is around 50 ns. The energy per pulse is 
up to 60 mJ. 
  
 
 
 
 
 
 
 
 
Fig. 2: Voltage and current waveforms of TLT-based 
pulsed power supply. 
 
Streamer propagation and creation have been 
studied in two electrode configurations: point-
plane and wire-plane. In both cases the effect of 
the dielectric on streamer propagation has been 
observed. The gap distance was 4 cm. To observe 
the streamer distribution in a wire-plane 
configuration the small-scale model of CAW 
reactor [8] was used. The length of the wire was 4 
cm. An intensified CCD camera is used to 
photograph the streamer development [10], it 
operates with a gate of 20 µs. 
 
3. Results  

In the first experiment the effect of the 
applied voltage on the streamer creation has been 
studied in a point-plane electrode configuration 
with the C-supply using a spark gap switch.  As 
can be seen in Fig. 3, increasing the voltage from 
35 kV to 45 kV leads to the creation of a much 
larger number of the streamers. However with the 
use of the TLT-supply, working with the same 
voltage of 45 kV, the number of streamers created 
decreases and the diameter of the streamers 
increases from ≤0.5 mm (see also [10]) up to 5 
mm (Fig. 4A).  

 
 

 
 
 
 
3A: 
 
 
 
 
 
 
 
 
 
 
 
 
 
3B: 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Streamer propagation in point-plane configuration 
with the C-supply (3A: 35 kV, 3B: 45 kV). 
 

The presence of a 3 mm plate of dielectric 
(Perspex) diffuses the streamers and expands the 
surface discharge area (Fig. 4B). The streamer 
diameter increases slightly. At the same time the 
distance between the streamers increases and the 
discharge area expands. Without dielectric the 
contact points between streamers and the cathode 
are narrow. With presence of Perspex the area of the 
surface discharge is clearly visible. 
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4B: 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Streamers in point-plane gap with TLT-supply at 45 
kV (4A: metal cathode, 4B: with dielectric). 
 

As can be seen in Fig. 4 no branching is 
visible with streamers created using the TLT-
supply. Since the discharge gap was the same for 
two setups and the voltage has been set to the 
same values, the only difference between those 
two experiments is the value of the current. 
 Streamers in the wire-plane configuration 
using the C-supply are shown in Fig. 5A. The 
number of streamers going down is ~20 on 4 cm 
wire, this is close to the value of 6 cm-1 as 
reported in [11]. The diameter of the streamers is 
similar to those in Fig. 3, branching is also 
observed, but less pronounced. For fig. 5B the 
TLT-supply was used, these streamers resemble 
more fig. 4, but the diameter is smaller. Some of 
the thick streamers change into thin ones just 
before the cathode and then show some branching. 
Probably the pulse duration of 50 ns is just too 
short for streamers to pass the gap during the high 
current phase.  
 
 

 
 
 
5A: 
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Fig. 5: Streamers in wire-plane configuration at 40 kV (5A: C-
supply, 5B: TLT-supply). 
 
As can be noticed from Fig. 5 part of the streamers 
start to propagate opposite to the cathode. They fully 
disappear after a distance of 1cm.  
 Fig. 6 shows the development of streamers 
in presence of deionized water and 1mMol/L phenol 
solution. For the experiment the semiconductor-
switch setup was used, with the voltage of 15 kV 
and the current of ~1 A. The layer of the liquid is 
1.5 cm deep.  
 

 
6A: 
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Fig.6: Streamers propagation above: deionized water (6A) and 
phenol solution (6B).  

 



It is clearly visible that the presence of a 
more conductive liquid influences the streamer 
development. The amount of streamers created 
above the phenol solution is higher compared to 
deionized water.   
 
 
7A: 
 
 
 
 
 
 
 
 
 
 
 
7B: 
 
 
 
 
 
 
 
 
 
 
Fig. 7. View along the wires (40 kV, TLT-supply). 7A: one 
wire, 7B: two wires. The black dots indicate the position of 
the wire.  
 

Fig. 7 shows the effect of the number of 
wires on the streamer distribution. The streamer 
development was observed along the wires with 
TLT-supply at 40 kV and a current of 60 A.  

The presence of additional wires affects 
the shape of the discharge area. With one wire the 
discharge area is wider. With two and more wires 
present, the discharges from the separate wires 
start to influence each other causing the streamer 
area to be narrower. The attaching of the 
streamers to the wall is also visible. 
   
4. Conclusions 
 Obtained results showed the big influence 
of the electrical system on the discharge structure. 
Streamers created with TLT-supply operating at 
40 kV and 60 A, with ~60 mJ per pulse energy, 
are thicker (up to 5 mm) than those created by the 
C-supply (~0.3 mm) [10], operated at 40 kV and 
0.8 A with energy of ~3 mJ. Previous experiments 
[6-8] confirmed high ozone yields obtained with 
the TLT-supply, which indicates that from the 
ozone creation point of view it is better to create 

streamers carrying more energy in a large diameter.  
 A rough estimate from figs. 3B and 4A 
shows that the current density in both types of 
streamers is similar, ~1 A/mm2. Streamers obtained 
with TLT-supply sometimes change to a small 
diameter close to the cathode when the current from 
the supply drops. This indicates that the thick 
streamers have approximately the same speed as the 
thin ones. These thick streamers resemble the ones 
reported in [12]. 

Streamers starting from the wire also 
propagate opposite to the cathode. A layer of 
deionized water reduces this effect. With the 
presence of a more conductive, phenol solution, a 
larger amount of high intensive streamers starts 
from wire. Presence of dielectric affects the 
discharge area, expanding it and diffusing the 
streamers. Streamers are easily attached to the walls.  

The presence of more than one wire affects 
the shape of the discharge, creating the streamer-
free gaps between the discharge areas.    

To fully understand the effect of TLT 
presence on the streamer development more tests are 
needed with a larger range of applied voltages. A 
new setup for these measurements is being prepared.  
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