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Pressure effect on electrical breakdown of solid 
and liquids was investigated. Electrical strengthes 
Eb nondegassed oil, water, oil-water solution, rocks 
and polyethylen were measured at pressure up to 
350 atm. It was found Eb of distillated water in 
plane-plane 0,8 cm gap are independent on pressu-
re. 

Electrical streugth of boring fluid (oil-water so-
lution with solid particles) was increased insignifi-
cantly at pressure growth up to 50 atm, and then 
became invariable. Both unrefined and water Eb in 
inhomogeneous electrical fields at needle-plane 
electrodes with any polarity dont depend on pres-
sure. Electrical strenthes of porous solid materials 
filled by oil-water solution were increased on pres-
sure growth up to 20-50 atm. 

1. Introduction  

The pressure, under which the condensed insulating 
materials are placed, is one of the most important rea-
sons of   changing of their electric strength Eb [1]. 
Electric strength of liquids and solids increases with 
the rise of pressure. But the reasons of Eb probable 
increase and the quantity of its relative rising for liq-
uids and solids are different. 

The data about the dependence of electric strength 
from the pressure Eb (P) of porous less mono- and 
polycrystalline or amorphous materials are absent, the 
characteristics of porous materials - rocks in the liq-
uids [2] and polymers in compressed gases [3-5] were 
only measured. It is supposed, that discharge initiation 
in the solids, placed in the compressed gases, takes 
place in the gas pores, and the developing discharge 
channels orient along them. The increase of one-
impulse, and especially multi-impulse Eb (P) was con-
nected with the rise of the discharge initiation voltage 
in the gas pores. That is why the rising of pressure up 
to 15-50 atm. causes the growth of the porous materi-
als Eb to 10-40 % and then the electric strength  
doesn’t practically depend on pressure [4,6]. Attempts 
to connect Eb (P) rising with the decrease of the acti-
vation energy of the  charge carriers, and  with a 
growth of their mobility [3] are hardly justified, be-
cause the obvious changes of the electron structure 
begin when the pressures more than 10 6 atm. 

The increase of EB of porous materials in the liq-
uids [2,4] is connected with the growth of the liquid 
pressure in the pores and delay  of the discharge chan-

nels initiation in them, but the reliable quantity data 
about the influence of the degree on the heterogeneity 
of the  field, the puls duration influence  and the type 
of the material are absent. 

It is considered that the decrease of the influence 
of the generating gas bubbles at initiation and propa-
gation of discharge channels is responsible for the Eb 
(P) increase of liquids [1,8,10]. The increase of Eb was 
observed in the pure liquids, in homogeneous fields 
and on the time interval more than 10 –6 c 
[1,7,8,11,12].  However in short gaps (<102 m) in the 
water the double increase with the breakdown time lag 
2⋅10 –7 c at P=150 atm was observed  too [13]. The 
experimental data  for liquids of technical refinement, 
having a high concentration of admixtures, in centime-
ters gaps and extremely inhomogeneous fields and the 
discharge time lag  less <10 –6 c are absent or contra-
dictory. That makes the choice of insulation of techno-
logical equipment more difficult. 

A deficit of Eb (P) data for porous dielectrics and 
technical liquids, in centimeters gaps and inhomoge-
neous fields, which are necessary for designing the  
electrode systems of discharge technologies, in par-
ticular of the deep discharge drilling, stimulated the 
realization of these investigations.  

2. Experimental method 

The measurements of pulsed breakdown voltage Ub 
were performed in a steel 6-litre chamber with the 
polycarbonate input. The chamber allows to test the 
conductivity, and UB of the liquids and solids at the 
voltage up to 400 kV and pressure up to 400 atm. 

The samples of rocks with the thickness of 18-23 
mm were cut from one block of the rock, the polyeth-
ylene samples had thickness of 2,78-2,86 mm. The 
stainless steel electrodes were used: disks of 10 cm 
diameter with rounded edge for homogeneous field 
and conical needle electrode (angle 300 and curve ra-
dius 0,25 mm of a tip for solid dielectrics and 0,5 mm 
for liquids). The breakdown voltages of liquids were 
defined as average value of 20-30 measurements to 
point, and  for solid dielectrics – breakdowns of 3-5 
samples to point. Breakdowns were carried out on 
front (~0,15 μs) or the on amplitude of the voltage 
pulse of Marx generator with the impact capacity of 
10 nF at the times breakdown 0,1÷ 0,3 μs.  

The dielectrical characteristics of unrefined trans-
former oil with the resistivity 1010   ohm·cm and  elec-
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tric strength at alternating voltage Eb=80 kv/cm, drill-
ing fluid on the oil-water basis with resistivity 2,9·108 

Ohm·cm; distilled water with resistivity 1,5·105  

Ohm·cm to a measuring chamber were investigated. 
The dependence Eb (P) of rocks (granite, marble, 

limestone, sandstone) were measured on the samples  
in the electrode  system disk-needle. The samples, in 
order to avoid the discharge overlapping, were placed 
in an oil-water solution which the pressure was passed 
through. Before placing in a chamber the samples 
were saturated by the solution during no less than 20 
hours. 

3. Pressure influence on the liquids electric 
strength  

It is known that breakdown of condensed dielectrics in 
extremely inhomogeneous fields (needle-disk N-D) 
inheres an effect of polarity, i.e.  Eb at (+N, -D)< Eb at 
(-N,+D). The reasons of the polarity effect are the less 
time lags of discharge initiation at anode and  the 
greater speed of cathode directed channels growth 
[14]. The effect of the polarity is revealed more 
brightly in polar liquids. It achieves Eb (-N, +D)/ 
EB(+N, -D)<1,5 in centimeters water gaps  in the 
fields with a high degree of inhomogenity. In our con-
ditions it makes 1,3, in “dirty” oil ~1,1, Fig.1. The 
electric strength of water and “dirty” oil in inhomoge-
neous field didn’t depend on pressure up to 350 atm. 
Eb and of oil-water solution increased to ~ 20 % with 
growth of pressure up to 25 atm, and then practically 
didn’t change. 

 
 

Fig.1. Electrical strength dependence on pressure 
1 - water, positive needle, 2 – water-oil solution, posi-
tive needle, 3 - water, negative needle, 4 - oil, positive 
needle, 5 - oil, negative needle, 6 - water, homogene-
ous  field. 

If the absence of the Eb (P) dependence for inho-
mogeneous fields was revealed earlier [2, 7, 11], so an 
unexpected fact became the absence of marked in-
crease of water Eb (P) for homogeneous field (curve 1, 
fig.1). The meaning Eb in homogeneous field, as it 
was expected, has a big dispersion (∆Eb ≅ 20%), but, 
in spite of the absence of water degassing and  a rela-
tively low resistivity of the water, i.e. the most prob-
ability of thermal  formation of bubbles, the value of 
Eb   wasn’t changed. This result contradicts to the re-
sults [9, 13] and the approach, developing by authors 
[10,15] in which the breakdown of the liquids is initi-
ated and developed  in gas bubbles on electrodes. Oil-
water solution with a density of 1,2 g/cm3 contained 
abrasive particles,  the surface of which absorbed gas, 
influencing on the initiation of the breakdown. Some 
increase of Eb with a rising of pressure up to 25 atm 
can be explained by the fact. 

4. Pressure influence on solids electrical strength  

The character of dependences Eb (P) for more porous 
rocks (granite 3%, limestone 5,5 %, sandstone 11,8 %) 
is  similar to the  dependence of Eb (P) of drilling solu-
tion  in that samples were immersed. It is observed the 
increase of EB up to P = 20-50 atm, and then the stabi-
lization of Eb (P), fig.2. Electrical strength of slightly 
porous rocks marble (1 %) and polyethylene (0,005%) 
is practically unchanged. The influence of the material 
saturation degree, which determined by the pressure of 
liquid is clearly illustrated by relative electrical 
strength at 350 atm to Eb in normal conditions E350/E0 
in depend on porosity, fig.3. The increase of relative 
strength with the growth of porosity is observed up to 
40 % by filling pores under pressure. 
 

Fig.2. Electrical strength of solid dependence on pres-
sure. 1-polyethylene, 2-sandstone, 3-marble, 4-granite, 
5-limestone. 
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Fig. 3. Relative change of  Eb dependence on porosity. 
1 - polyethylene, 2 - marble, 3 - granite, 4 - limestone, 
5 - sandstone. 

5. Conclusion 

Electrical strength of poorly cleaned water and non-
cleaned oil in centimeters gaps and discharge time of 
0,1 - 0,3 μs, doesn’t depend on pressure. Electrical 
strength of porous materials increases with the pres-
sure rising up to 20-50 atm by filling pores with liq-
uids. 
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