
300 CZ9827327

Effect of the barrier properties on the surface part of the

barrier discharge

M.V.Sokolova, S.V.Zhukov

Moscow Power Engineering Institute, 111250, Moscow, Krasnokazarmennaya, 14, Russia

Introduction

The influence of the barrier characteristics on the discharge processes in the gas gap with a

dielectric on one of electrodes is of wide interest as such a discharge is the most convenient

source of chemical products, especially ozone. As is known now the dielectric properties

effect the discharge characteristics and the effectiveness of ozone formation [1-3].

Our previous experiments [4] have permitted us to state that each discharge in a narrow

gas gap with a barrier consists of a volume part and of a surface discharge over the barrier

surface. Now we want to present the results of our further experiments concerning the

characteristics of the charge left on the barrier surface after a discharge in an air gap.

The experimental setup and experimental procedure

To investigate a single discharge in the gap an experiment in a rod-plane gap 0.8 mm

long was carried out. The rod of stainless steel had the diameter 15 mm. The barriers were

planes 40x60 mm of different materials and had a metallic covering on their lower surface

that was earthed during the experiment. A positive d.c. voltage was used. The source was

connected to the rod, the voltage being varied by quick steps till the discharge in the gap

occured. A special experimental method of analysis of the charge left on the barrier

surface was used. This part of the experimental setup consisted of a thin probe covered

with an earthed shield with an opened tip, the probe being connected to an oscilloscope.

The end of the tip 1 mm diameter was cut flat, the shield covering the probe over its full

length.the distance probe-barrier surface being 1.8mm.

During the experiment the barrier was put on a metallic earthed plane that could be

moved in horizontal direction. The plane was moved so as to place the barrier first under

the rod the length of the air gap being 0.8 mm long. The voltage was increased to a certain

value and was immediately switched out after the discharge. The plane with the barrier

was moved to a position where the tip of the probe was. The distance between the barrier

surface and the tip of the probe was 1.8 ram in all cases independed of the thickness of the
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barrier. The probe was placed in a rotating mechanism so as to be moved periodically

across the field formed by the charges left on the barrier surface after the discharge. The

rotation was synchronized with the scanning of the oscilloscope, so the signal

proportional to the potential induced on the probe by the charge on the barrier surface,

could be seen on the screen of the oscilloscope.

The procedure of changing the place of the barrier took several seconds to prevent the

charge to flow over the surface. As the surface conductivity of all barriers (excluding the

glass one) is very high (more than 1014 Ohm) and the time interval between the discharge

and the charge measurment was minimum (not more than 5 s), it is possible to propose

that the air humidity does not influence greately the surface discharge and it is defined

only by the properties of the barrier material.

Some more details of the experimental procedure must be mentioned. Each value of the

potential and the charge spot diameter given in the following section, is the mean value of

parameters of 5-10 pictures. To make each successive picture it was important to remove

the charge left on the barrier during the previous discharge. Before installing the barrier

into the gap it was placed on an earthed plane and washed with benzol, that provided high

conductivity of the surface and made the charge flow down to the earthed plane. To

controle the absence of the charge, the barrier was put under the probe to see that there

was no potential induced on it. But even in the case of such a careful procedure it needed

some time (approximately 20 min) to have near results in the same conditions. Otherwise

after some time the charge began to accumulate, it lowered the field in the gap, and higher

voltage was needed for breakdown and the charge changed.

To stabilise the discharge conditions a very week UV illumination was used, so the scatter

of the measured values was not more then 20%.

The dimensions of the charged spots were found from the dimensions of the oscilligramms

and the value of the scanning of the oscilloscope. The velocity of the probe rotation was 5

m/s and with the scanning being equal to 5 rns/div and 1 division = 0.8 cm it was possible

to evaluate the dimensions of the charge in cm.

The experimental results

The pictures of the curves of the induced potential (fig.l) for different materials of the

barrier were analysed and the parameters of the barrier, the dimensions of the charge
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Material

Polycor (rough)

Polycor (rough)

Polycor (glassed)

HF ceramic (typeBK -94-1)

HF ceramic (typeBK-94-2)

Glass

Plexiglass

5,mm

0.42

0.92

0.92

0.83

0.83

0.8

1.95

6

9

9

9

5.7

5.7

6

3

spot and the amplitudes of the induced potential signal are given lower for several

barriers.

p, xlO12, Ohm U, V Charge diameter .mm

0.75 3

0.6 6.2

0.64 5.6

0.8 3.25

100 0.76 6.2

1 0.2 7.5

1000 0.06 0.5

All values correspond to the same voltage U = 5.6 kV on the rod and the same distance t

= 1.8 mm from the barrier to the probe tip. The influence of the voltage is seen for

polycor:

F o r U = 7.1kV V = 2.4V D = 1 . 6 c m

F o r U = 8.6kV V = 4 V D = 2cm same

For the pure H F ceramic BK-94-1 and ceramic covered by polyimid film :

Pure ceramic (U = 8.6 kV, d = 0.83 mm) V = 4 V D = 2.2 cm

Ceramic with a polyimid film (U = 7.1 kV) V = 4.4 V D = 1.6 cm

For the the same surface roughness and different kinds of ceramic the results are as

follows:

U = 8.6kV S,mm e Induced Charge Total

potential, V diameter, cm charge,nQ

HF ceramic.type BK-94-1 1 5.7 ' 6 1.72 2.1

HF ceramic.type BK-94-2 1 5.7 6 2.2 1.68

Polycor 1.1 9 5 2 2.82

To calculate the value of the charge left on the barrier surface, knowing the diameter of

the charge spot and the value of the induced potential, we used the method that we used

before [5] of calculation of the field, formed by charges distributed over the boundary of

two dielectric mediums and by the image charges induced on the electrodes. We have

assumed that the form of each oscillogram corresponds to the charge density (a)

distribution. The real a was represented by three disks of constant value Ci and the

equation for the field E — f(a) was found, E being the field on the axis of the disks.

On the other hand E is the function of the measured probe potential:
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U t[l / t- l/(r2 + t2 )0-5]

(r2+t2)0.S . t

where t is the distance from the probe to the barrier surface and r - the charge radius.

So the physical charge densities a on the barrier can be found from the values of the

induced potential and the diameter of the charge spot. The value of the summery charge Q

can be calculated using the mean value of the found charge density and the dimension of

the charge spot.

Discussion

The analysis of the experimental results given above, shows that the estimated values of

the charge left on the barrier surface after the discharge in the gas gap, is nearly ten times

less than the whole charge measured in [6] for a series (group) of microdischarges for the

same gap length and with a glass as a barrier. It means that the volume part of the

discharge gives the main part of the charge, measured in the gap. The measured values of

the surface charge strongly increase with the applied voltage and the length of the gas

gap, but the dimensions of the charge spot and the distribution of the charge density

depends on the barrier properties.

There is a marked influence of the e value on the induced potential (for instance ceramic

and glass), ut the summary effect of the thickness and of e (the barrier capacity) is more

pronounced. The charge value Q depends on the dielectric constant as is seen for HF

ceramic and polycor.

It was shown in [6] that the ozone production depends on the roughness of the barrier

surface, the current amplitudes for a glassed surface being much higher. Our measured

surface charge dimensions correspond to this fact but, the difference depends on the

material of the surface layer (rough or glassed polycor and ceramic or ceramic with

polyimid film).

The results we present here, permit us to state that one of the main factors influencing the

work of an ozonizer, is the surface part of the discharge in the gap, and the main factor

defining the surface discharge, is the barrier material.

For other equal conditions the influence of the material on the charge, left on the barrier

surface, can be devided into three parts: the influence of e and of the barrier thickness,

influence of the chemical composition of the material as a whole and the influence of the
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barrier surface conditions: its roughness and its chemical structure. All these factors form

the conditions for the development of subsequent discharges in the gap, their power and

ozone formation.

Of course the above results can not be directly applied to the ozonizer as a whole as they

do not take into account the influence of parallel discharges in the ozonizer gap, where the

diameters of the charges on the barrier surface are of the order of parts of mm. And

besides each discharge in the gap is formed when there is a very complex patteren of the

charge left on the barrier surface after all discharges in previous periods of the applied

voltage. Nevertheless the results presented above, can give additional information as to

the influence of the barrier material, and to the amount of the charge and the distribution

of its density.
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Fig. 1. Examples of pictures of the induced potential corresponding to the

charge left on the barrier surface after the discharge in the air gap.


