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the corona wire in combination with an integrator [2]. We can 
write the external current at the cylinder as follows: 

(1) 

The displacement current /0 at the cylinder is measured by 
means of a grid sensor discussed hereafter. The conductive 
current le measured at the cylinder is caused by charge car
riers arriving at or leaving the cylinder electrode. If I, and 10 

are known we can calculate the conductive current le as fol
lows: lc=I.-10 • The vacuum displacement current 1,0 can be 
calculated from the measured voltage pulse: l,0 =C0 dV/d.t, 
where C0 is the vacuum capacitance between the wire and the 
cylinder. Finally the space charge caused displacement current 
/ PD can be calculated from the total displacement current and 
the vacuum displacement current: lp0=10 -l,0 • The different 
current compone~ts can be integrated in time to obtain the 
external charge Q,=Qc+Q0 =Qc+Q.o+Qp0. 

E-field 
The E-field E in the corona volume is a superposition of the 
vacuum (capacitive) field E, between the electrodes, and the 
space charge field EP. The E-field induces image charges at 
the cylinder surface, which results in a displacement current 
/ 0 =Scy1 e0 dE/dt. We can measure the E-field at the cylinder 
electrode by means of a grid sensor, mounted flush with the 
surface of the cylindrical electrode. It consists of a measuring 
electrode, a brass plate with a diameter of 30 mm, behind a 
grounded stainless steel grid (mesh size 1.4 mm). The distance 
between the plate and the grid is 2 mm. Charge carriers which 
would normally produce a conductive current at the cy tinder, 
are prohibited to enter the grid sensor by a repelling E-field 
between the grounded grid and the plate, which is at a DC bias 
voltage of 15 Volt. The bias voltage applied to the plate and 
the voltage pulse at the wire have the same polarity. The sig
nal of the E-field sensor is integrated in time to obtain the 
displacement charge Q0 , which is proportional to the E-field at 
the cylinder. 

Camera system 
The electrical diagnostics generally provide overall informati
on of the discharge. With an image intensified CCD-camera 
we are able to obtain more detailed information on the spatial 
development of the corona discharge. The high sensitivity and 
the fast gating capability result in meaningful pictures of only 
5 ns exposure time. A number of ICCD images are recorded 
during the development of the corona discharge. The direction 
of view of the CCD-camera was parallel to the corona wire, to 
view the radial development over the full cylinder cross-secti
on. During one corona discharge, only one image can be re
corded. Repetitive production of similar corona discharges, 
and a variable delay between the (time of) image (recording), 
and the initial rise of the voltage pulse allows an investigation 
of the temporal and spatial behavior of the corona discharge. 

From each recorded image we take a slice, and we combine 
these slices into one picture, as shown in Figs. 1 and 2. The 
first five images are measured at 10 ns intervals and the next 
images are measured at 20 ns intervals. Note, that this presen
tation of the optical measurements has some similarity to a 
streak picture; however, in our case the structure of the di
scharge remains visible. 

171e different streamer phases 

Measurements for positive and negative voltage pulses with 
the test setup are presented in Figs. 1 and 2. We can observe 
two distinct phases of the pulsed corona discharge: 

Initial streamer phase 
A positive or a negative voltage pulse on the corona wire leads 
to a positive or a negative corona discharge developing from 
the wire [5,6). By definition positive corona develops in the 
same direction as the E-field, and negative corona develops in 
the opposite direction. Both positive and negative corona show 
similar behavior. First, many streamers develop from the wire 
towards the cylinder, during the initial streamer phase. The 
strongly inhomogeneous space charge at the streamer head 
locally creates a large E-field, which causes an enhanced ioni
zation and further growth of the initial streamer towards the 
cylinder. The curves Q. and Q0 do not separate before the 
arrival of the initial streamers at the cylinder. With Eq. 1 we 
can then show that the cylinder does not detect a conductive 
current, which is plausible because the charge carriers have 
not yet reached the cylinder. When needles are present at the 
cylinder, we also observe the formation of streamers at the 
needles, which develop towards the wire. We can electrically 
measure this as a conductive current at the cylinder, which 
results in a separation of the curves Q, and Q0 . For a negative 
voltage pulse Fig. 2 also shows a third generation of positive 
streamers at t= 140 ns, due to a reversal of the E-field at the 
wire. The field reversal is caused by the fast drop of the volta
ge pulse, combined with the presence of negative space charge 
in the gap. The arrival of the initial streamers at the cylinder 
results in a fast drop of the electric field near the cylinder, 
which also marks the end of the initial streamer phase. 
Each initial streamer carries a current of 0.1 - 1 A. The capa
citance between the streamer head and the cylinder acts as a 
limiting impedance for the current through the initial streamer. 
A increase of rise time of the voltage pulse allows a larger 
displacement current through this capacitance and a larger 
conductive current through the tail of each streamer. 

Resistive streamer phase 
The resistive streamer phase begins after the arrival of the 
initial streamers at the cylinder. For both the positive and the 
negative voltage pulse the curves Q. and Q0 separate, as soon 
as the initial streamers have reached the cylinder. From Eq. 1 
it follows that the separation of Q, and Q0 indicates a conducti
ve current flow at the cylinder. This is possible because the 
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Figure 1 Corona Discharges in a 29 cm diameter cylinder with needles, at 
a pressure of 360 Torr. Upper picture : positive voltage pulse + 128 kV. 
Lower picture: negative voltage pulse -143 kV. Voltage pulse V, (solid cur
ve, le.ft axis). Displacement charge Qv (dashed curve, right axis). External 
charge Q. (dolled curve, right axis). 
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Figure 3 Charges, currents and energy for a positive voltage pulse. 
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Figure 2 Corona Discharges in a 29 cm diameter cylinder with needles, at 
a pressure of 560 Torr. Upper picture : positive voltage pulse + 134 kV. 
Lower picwre: negative voltage pulse - 140 kV. Voltage pulse V, (solid cur
ve, lejl axis). Displacement charge Qv (dashed curve, right axis). External 
charge Q. (dorted curve, right axis). 
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Figure 4 Charges, currents and energy for a negative voltage pulse. 



resistive streamers form closed channels between the wire and 
the cylinder, which can carry a large conductive current flo
wing from wire to cylinder. 
The development of the initial streamer in to a complete chan
nel between the wire and the cylinder, results in a disappea
rance of the capacitance between the streamer head and the 
cylinder. This allows a much larger current (1 - 10 A) to flow 
through the streamer; the many streamers in parallel carry the 
large current (up to 1700 A per meter wire) of the pulsed co
rona discharge. Figures 1 and 2 show that the corona dischar
ge behavior is very similar (both electrical and optical) for the 
positive and the negative voltage pulse. 

Voltage and currenl measurements with the pilot unit 

Measurements for a positive and a negative voltage pulse with 
the pilot setup are presented in Figs. 3 and 4. 

Figure 3 shows an experiment with a positive voltage pulse. In 
Fig. 3a we present the different charges for a positive voltage 
pulse. Curve QD sharply drops (after an initial rise) which 
means that the initial streamers have reached the needles at the 
cylinder. This development corresponds well with the curves 
in Fig. 1. Fig. 3b. shows the different current components that 
we have discussed above. The vacuum displacement current 
I.D is followed by the space charge caused displacement cur
rent lp0 which is a result of the spatial expansion of the initial 
streamers. The conduction current le shows two peaks, the 
first peak is a results of negative streamer production at the 
needles, and the second larger peak is the conduction current 
during the resistive streamer phase. 
We can also calculate the energy input W from the measured 
voltage and the different current components: W = f (Vl)dt. 
Fig. 3c shows the different energy contnbutions to the dischar
ge. 

Figure 4 shows a similar experiment with a negative voltage. 
The current curves in Fig. 4b are less separated because the 
discharge with a negative voltage pulse is weaker than the 
discharge during the positive voltage pulse. Figure 2 also 
shows that the negative voltage pulse creates three generations 
of streamers, which makes the explanation of the different 
current curves less easy. Finally in Fig. 4c we present the 
energy contributions calculated from the different current 
components. 

Conclusions 

With a test setup we have investigated the fast transient beha
vior of the high-power pulsed corona discharge. Combined 
electrical and optical measurements show two distict phases of 
the corona discharge. Especially the detailed sequence of CCD 
images illustrates the different phases of the corona discharge 
very well. 

We have found similar discharge behavior in a pilot unit, 
which is used for the industrial generation of pulsed corona 
discharges. Valuable information from the test setup can be 
extrapolated to the pilot unit. In the pilot unit we could also 
measure the current components mentioned in Eq. 1. This 
enables the calculation of the energy input in the corona dis
charge during the initial and the resistive streamer phase. 
The pilot unit operated reliably during long experimental runs 
of repetitive pulsing (1000 pulses per second), and has shown 
excellent destruction efficiencies for various volatile chemical 
compounds. The overall efficiency of the corona generation in 
the pilot unit was found to be as high as 60%. 
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