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ABSTRACT 
Experimental investigation of the effect of filling pressure on the post-arc dielectric 

recovery characteristics of nitrogen is reported in this paper. A half-cycle arc current 

duration of 540 µs followed by a 10 kV pulse with a rise rate of 150 V/µs is applied across 

the contact gap. The pulse is applied from 10 µs to 10 ms after the current zero. First, a 

free-burning arc is studied without any forced gas flow. The effect of the gap distance on 

the recovery process is studied by using two different inter-electrode gaps: 20 mm and 

50 mm. The effect of arc current on the recovery process is investigated by using current 

amplitudes of 275 A and 425 A. Moreover, the effect of forced nitrogen flow near current 

zero is explored using two different arrangements: self-blast and puffer type. Four 

different nitrogen filling pressures are studied: 1, 20, 40, and 80 bar, the latter two being 

in the supercritical region. The experimental results show that, in the free-burning arc 

configuration, the breakdown voltage of the contact gap increases faster with the increase 

of the filling pressure. A gap of 50 mm recovers quicker than a 20 mm gap, whereas no 

strong current dependency is observed on the recovery characteristics in the investigated 

range. In the free-burning arc configuration, just after the current zero up to 

approximately 300 µs, the breakdown voltage at high filling pressure is found to be lower 

than at 1 bar. Forced gas flow, however, significantly enhances the dielectric recovery at 

a high filling pressure, also in the thermal phase.  

   Index Terms — supercritical fluid, arc discharge, dielectric recovery, ultrahigh-

pressure arc, switchgear 

 
 

1 INTRODUCTION 

THE need to transfer power to and from offshore 

installations (wind farms and offshore mining) will lead to the 

development of offshore substations. To materialize such a 

substation, there are two possible paths to follow: one path is to 

place the electrical equipment on a platform or floater above sea 

level. Another path is to directly place the equipment on the 

seafloor and control it remotely. Among these two options, the 

latter is more economically viable [1]. The conventional 

solution is to place the power equipment (i.e., circuit breaker of 

vacuum or gas technology) inside a pressure-proof vessel [2]. 

Medium voltage gas circuit breakers are generally filled up to 

1.3 bar filling pressure and sealed at the manufacturer site [3]. 

To transfer and control electrical power from the high-pressure 

water environment at seabed into the pressure-proof vessel, 

various feedthroughs and penetrators are required. All these 

arrangements used to cope with the high-pressure water 

environment, add considerable technical complexity and cost. 

A novel concept is developed, where the interruption chamber 

can be filled with high-pressure gas to reduce the differential 

pressure exerted on the encapsulation. Reducing the differential 

pressure will substantially reduce the cost and complexity of the 

encapsulations and feed-throughs. 

If the pressure and temperature of a gas exceed a critical 

point, it enters the supercritical (SC) region [4]. In this SC 

region, liquid and gas states are united and indistinguishable. 

For example, an SC fluid has a high density, while the viscosity 

is low like a gas. The properties of an SC fluid are believed to 

be in favor of a successful current interruption medium [5]. In 

this paper nitrogen (N2) is chosen for its low critical pressure 

(33.5 bar) [6]. Moreover, N2 is abundant in air and hence, 

environmentally benign. 

In order to successfully interrupt the current, the breakdown 

voltage of the contact gap must be higher than the transient 

recovery voltage at any time after the current zero (CZ) [7]. 

Many investigations are focused on the dielectric recovery of 
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the post-arc channel at 1 bar or slightly higher pressure arcs 

typical of land-based circuit breakers; e.g. [8]–[11]. In contrast, 

arc characteristics at an extremely high gas pressure including 

the SC region are not a well-explored area. Recently, a series of 

experiments have been conducted to study the arc properties at 

extremely high N2 filling pressure in the SC region. First, a free-

burning arc and the influence of tube constriction on the arc 

have been investigated in the SC state and beyond, up to 80 bar 

filling pressure during the high current phase [12], [13]. Some 

further investigations were focused on the region near CZ, 

where the effect of N2 filling pressure on the thermal 

interruption performance is evaluated [14]–[16]. The arc 

voltage is reported to increase with the filling pressure, whereas 

no abrupt change in arc voltage is observed during the transition 

of N2 from gas to SC region [12]. As a result, the energy 

deposition in the arc channel increases at a higher filling 

pressure. The calculated arc diameter reduces with increasing 

pressure [13]. 

In this paper, the pressure dependence of the dielectric 

recovery characteristics of N2 arcs is investigated including the 

SC region. To evaluate the dielectric recovery of the contact 

gap, a 10 kV high voltage (HV) pulse (rise time of 

approximately 70 µs) is applied between the electrodes at 

different instants after CZ. The time of the pulse is varied from 

10 µs and 10 ms after CZ. The free-burning arc is studied at 1 

(atmospheric pressure), 20, 40, and 80 bars, the latter two being 

in the SC region. Some of these results are reported in a 

conference paper [17]. In the free-burning arrangement, the 

effect of the contact gap and the current amplitude on the 

recovery characteristics is also studied at different filling 

pressures. In order to efficiently cool the arc near CZ and 

interrupt the current, the arc in a gas circuit breaker is generally 

subjected to a forced gas flow [7]. In commercial gas circuit 

breakers, two of the most commonly used techniques to cool 

the arc are self-blast and puffer type [7]. In this paper, two 

different mechanisms (self-blast and puffer arrangement) are 

adopted to evaluate the effect of forced gas flow on the post-arc 

dielectric recovery of N2 at extremely high filling pressures. The 

breakdown voltages at different instants after CZ are used to 

analyze the recovery characteristics. 

2 EXPERIMENTAL SETUP  

The schematics of the test circuit and measurement system used 

in this study are shown in Figure 1. The high voltage (HV) energy 

storing capacitor, C is first charged to a preset value. It is then 

discharged by the triggered vacuum switch (TVS) through the 

inductor, L and further through the ignition copper wire inside the 

arcing chamber. The arcing chamber is a 15.7 liters, 500 bar rated 

pressure tank. The photo of the test setup and the corresponding 

value of the circuit parameters are shown in Figure 2 and Table 

1 respectively. Once the TVS is closed, the current starts to flow, 

and the arc is initiated by the melting of the thin copper wire. The 

content of the copper in the atmospheric arcs at least seems to 

be in the range of 1-2% and therefore, the influence of metal 

vapor is not significant [18]. Furthermore, to reduce the effect 

of metal vapor between the different tests, all the tests are 

conducted using a 40 µm copper ignition wire. The current flow 

through the arc until the first CZ crossing, where the current is 

interrupted by the TVS. The right part of the test circuit in Figure 

1 is a voltage pulse generator circuit using an ignition coil. An HV 

pulse of 10 kV (rise rate of 150 V/µs) is applied between the 

electrodes at different times after CZ. A coupling capacitor is 

placed between the ignition coil and the arcing chamber. The 
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Figure 1. Schematics of the test circuit. An ignition coil is used to generate a 10-kV high voltage pulse which is applied at different instants after CZ. 

 

Figure 2. Photos of the lab setup. (a) HV source. (b) Capacitor, C. (c) 
Inductor, L. (d) Arcing chamber. (e) N2 cylinder. 
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coupling capacitor blocks the arc current to flow through the 

ignition coil while allowing the HV pulse to be applied across the 

electrodes. After applying the HV pulse, either the electrode gap 

withstands the applied voltage, or a breakdown occurs. 

As the arc voltage increases with the filling pressure, for a 

given predefined charging voltage, the arc current amplitude 

varies with the filling pressure. While the arc current amplitude 

is 425 A at 1 bar, it is limited to 400 A at 80 bar filling pressure 

by the same charging voltage of the capacitor, C. One possible 

solution to overcome slightly different arc currents would be to 

increase the charging voltage of the capacitor. However, 

changing the charging voltage would also influence the stored 

energy of the capacitor. Hence, in this paper, the charging 

voltage of the capacitor is kept constant while the slight change 

of the arc current amplitude is considered as the property for arc 

burning at different filling pressures. The CZ crossing also 

changes by a few microseconds when the arc voltage varies. 

The timing of the application of HV pulse is compensated for 

different filling pressures to get the desired time to pulse after 

CZ.  

Two HV probes with different voltage ranges are used to 

measure the HV pulse and the arc voltage. The arc current is 

measured by a shunt resistor. Both the HV probes and the 

current sensor are connected outside of the pressure tank and on 

the HV side of the arcing chamber. For the puffer arrangement, 

the movement of the piston is recorded by a linear displacement 

sensor while the blow pressure is recorded by a dynamic 

pressure sensor mounted at the throat of the puffer.  

2.1 TEST OBJECTS 

Three different test arrangements are used in this paper. The 

main bulk of the tests are conducted with a simple pin and ring 

electrode pair, resulting in a free-burning arc configuration, see 

Figure 3a. In the free-burning arrangement, the arc burns freely 

without any forced gas flow. At 50 mm inter-electrode gap and 

with a current of 425 A, the pressure dependence of the 

recovery characteristics is studied at four different filling 

pressures: 1, 20, 40, and 80 bar, as can be seen in Table 2. Then 

the inter-electrode gap is changed to 20 mm to study the 

distance dependency of the recovery process. For the 20 mm 

gap distance, three different filling pressures are investigated: 

1, 20, and 40 bar. Finally, the current amplitude is varied to 275 

A to investigate the current dependency of the dielectric 

recovery in the contact gap. For the current dependency, two 

different filling pressures are tested: 1 and 40 bar.  

To study the effect of forced gas flow on the recovery process, 

two different arrangements are studied. A simple self-blast 

arrangement is adopted where the arc burns inside a PTFE tube 

with vents in the middle, see Figure 3b. Two opposite holes of 

3 mm diameter in the middle of the inter-electrode gap act as 

the vents. The pin electrode is pushed inside the PTFE tube in 

such a way that it blocks the gas flow out through the pin 

electrode. A heating volume of 3.17 cm3 is attached to the ring 

electrode. During the high current phase, a part of the ablated 

PTFE vapor directly leaves through the vent, while the rest is 

stored in the heating volume. As a result, the pressure in the 

heating volume increases. The high pressure in the heating 

volume forces a relatively cold gas flow through the vent of the 

tube and cools the arc near the CZ. For the self-blast 

arrangement, two different filling pressures are tested: 1 and 40 

bar, see Table 2. The reference measurement in the self-blast 

arrangement is conducted without the heating volume, i.e., the 

arc burns inside the PTFE tube only without any backflow of 

gas near CZ. After every 10 experiments, the PTFE tube is 

changed, and a new tube is mounted.  

The last test arrangement is a puffer-type configuration as 

shown schematically in Figure 3c. The puffer mechanism works 

by pre-charging a spring which is kept in position by an 

electromagnet. A 10 mm long PTFE nozzle with an inner 

diameter of 4 mm is mounted with the ring electrode. The total 

 
Figure 3. Test arrangement. (a) Free-burning arc, (b) self-blast 

arrangement, (c) puffer arrangement. 
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Table 2. Inter-electrode gap, corresponding arc current and the tested 

filling pressure for different test arrangements. 

Test object Inter-

electrode gap  

[mm] 

Arc 

current 

[A] 

Filling pressure 

tested 

[bar] 

Free-burning 50  425 1, 20, 40, 80 

Free-burning 20  425 1, 20, 40 

Free-burning 50  275 1, 40 

Self-blast 50 425 1, 40 

Puffer 20  425 1, 20, 40 

 

Table 1. Test circuit parameters and their values. 

Circuit Parameters Value 

HV Source 220V: 40 kV Transformer 

Capacitor, C 4.8 µF 

Inductor, L 6 mH 

Coupling Capacitor 500 pF 
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inter-electrode gap in the puffer setup is kept fixed at 20 mm. 

As the filling pressure increases, the density and the viscosity 

increase too. As a result, for the same pre-charging of the 

spring, the travel curve of the piston varies at different filling 

pressures. In this paper, the spring is released at instants that 

result in a similar upstream pressure difference at CZ for all 

filling pressures. To study the effect of forced gas flow on the 

same electrode and nozzle arrangement, reference 

measurements were also conducted. The reference 

measurement in the puffer arrangement is conducted without 

pre-charging the spring, i.e., the arc burns partly inside the 

PTFE nozzle and partly outside the nozzle without any forced 

gas flow. 

2.2 PROCEDURE 

All the experiments are conducted in a fixed electrode 

arrangement and the arc is initiated by the melting of a thin 

copper wire of 40 µm diameter. The ignition copper wire is 

mounted on the electrode by hand and then the flange of the 

pressure tank is closed. The pressure tank is first flushed and 

then filled with industrial-grade N2 to ensure 99% N2 inside the 

pressure tank. The energy storing capacitor, C, is charged to a 

predefined charging voltage of 15 kV to generate the arc current 

of 425 A. For the 275 A current settings, the charging voltage 

is reduced to 10 kV. Once C is charged to the predefined level, 

a computer program controls the timing of the switches SC, 

TVS, HV pulse and release of the electromagnet (for the puffer 

arrangement). To investigate the breakdown or the hold voltage 

at different instants after CZ, the timing of the HV pulse is 

varied. After each test, the over-pressure in the pressure tank is 

released, and the ignition copper wire is mounted by hand. A 

total of 175 tests were conducted in this work.  

3 EXPERIMENTAL RESULTS 

A typical measurement of the arc current, the voltage across 

the contact gap at 20 bar pressure are shown in Figure 4. The 

arc is established by the melting of the copper wire (marked as 

the voltage peak at 0.5 ms before CZ). Once the arc is formed, 

the arc current continues to flow until CZ, where the current is 

interrupted by the TVS. Due to the application of the voltage 

pulse after CZ between the electrodes, a breakdown may occur 

in the hot, conductive channel. If a breakdown occurs, it is 

marked by a voltage collapse at 7.8 kV, see the red line at 

approximately 700 µs after CZ in Figure 4. In the case of 

without a breakdown, the contact gap withstands the applied 

HV pulse, as can be seen by the green line in Figure 4. For the 

case without a breakdown, the peak of the voltage pulse is 

recorded. 

Just after CZ, voltage oscillations across the contact gap are 

recorded due to the stray capacitances, which is independent of 

the applied HV pulse. The peak of the voltage oscillations is 

approximately 400 V with a rise rate of approximately 125 

V/µs. As the breakdown strength of the contact gap just after 

CZ is very low, such voltage oscillations may cause 

breakdowns. The breakdowns generated by these voltage 

oscillations are also considered to analyze the recovery 

characteristics.  

3.1 FREE-BURNING ARC 

Breakdown or hold voltages as a function of time after CZ in 

the free-burning arrangement for 50 mm gap distance at 

different pressures are shown in Figure 5. The filled and empty 

markers represent the hold voltage and the breakdown voltage 

respectively. At atmospheric pressure (1 bar) the measured 

breakdown voltages are close to 330 V between 10 µs and 

300 µs after CZ for a 50 mm contact gap. The breakdown 

voltage gradually increases after 300 µs after CZ. At 1 bar 

pressure, the HV pulse does not generate a breakdown when the 

pulse is applied later than 2 ms after CZ.  

The breakdown voltage between 10 to 300 µs after CZ at a 

high filling pressure (20, 40, and 80 bar), however, is around 

100 V for 50 mm gap distance, see Figure 5. Before 300 µs, the 

breakdown voltage at a higher filling pressure is lower 

compared to the measured breakdown voltages at 1 bar filling 

pressure. After 300 µs, however, the breakdown voltage rises 

faster as the N2 filling pressure is increased. The gap withstands 

the applied HV pulse after 800 µs and 400 µs for N2 filling 

pressure of 20 and 40 bar, respectively. 

 

Figure 5. Breakdown or hold voltage at different instants after CZ for 50 

mm gap distance at an arc current of 425 A in free-burning arrangement. 

The filled markers represent withstand voltages whereas the empty 

markers represent breakdown voltages. 

Figure 4. A measurement showing the arc current, a case with a 

breakdown (red line) and a case without a breakdown (green line). 
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3.1.1 INTER-ELECTRODE GAP 

The gap dependency of the post-arc recovery process is 

studied in the free-burning arrangement by conducting the 

experiments at a 20 mm gap at 1, 20, and 40 bar N2 filling 

pressures. The breakdown or hold voltages at different instants 

after CZ for different filling pressures are plotted in Figure 6. 

As was observed for the 50 mm case, the 20 mm gap recovers 

faster at 40 bar than at 1 bar. When compared between different 

gap distances, the 20 mm gap recovers more slowly than the 50 

mm gap for all pressures (see Figure 5 and Figure 6). At 1 bar 

filling pressure at 50 mm gap, when the HV pulse was applied 

later than 2 ms after CZ, the gap withstood the voltage. When 

the inter-electrode gap is reduced to 20 mm, dielectric 

breakdowns were observed for pulses earlier than 10 ms after 

CZ. At 40 bar, the corresponding minimum times to hold the 

applied pulse are 400 µs and 700 µs for 50 mm and 20 mm gap 

distances, respectively.  

3.1.2 ARC CURRENT 

The effect of arc current amplitude on the recovery process 

is studied by carrying out experiments for an arc current 

amplitude of 275 A. In this case, the gap distance is kept fixed 

at 50 mm. Two different filling pressures are used: 1 and 40 bar. 

The breakdown or hold voltage at different instants after CZ is 

plotted in Figure 7. Similar to what is observed previously, at 

275 A arc current a faster increase of the breakdown voltage at 

40 bar is observed compared to 1 bar filling pressure. No 

significant change in recovery time is observed between the two 

tested current levels (see Figure 5 and Figure 7).   

3.2 SELF-BLAST ARRANGEMENT  

The breakdown or hold voltage at different instants after CZ 

for different filling pressures for the self-blast arrangement is 

shown in Figure 8.  The time of HV pulse application after CZ 

was varied from 20 µs to 500 µs for both N2 pressures (1 and 

40 bar). In contrast to the free-burning arc arrangement, no 

breakdowns were observed neither at 1 bar nor at 40 bar filling 

pressures. For the cases without a heating volume, i.e. for the 

reference measurements, as the time to HV pulse is reduced, the 

amplitude of the applied pulse went down. Similarly, for the 

cases with the heating volume, i.e., self-blast type, few cases 

are observed at 40 bars when the amplitude of the applied pulse 

is reduced. The reduction of the amplitude of the HV pulse is 

perhaps linked with the high post-arc conductivity immediately 

after CZ.  

3.3 PUFFER ARRANGEMENT 

The viscosity and the density vary with the filling pressure. 

As a result, for the same spring setting, the travel curve and the 

subsequent upstream pressure difference vary for different 

filling pressures. The travel curve and the upstream pressure 

difference for different filling pressures are plotted in Figure 9. 

For the full stroke of the piston, it takes approximately 70 ms, 

83 ms, and 110 ms at 20, 40, and 80 bar filling pressures, 

respectively. The arc experiments were conducted at the time 

when the piston remains roughly in the middle of its stroke and 

the upstream pressure difference is in the range of 80-90 mbar. 

The initiation of the arc can be seen by the sharp spike in the 

 
Figure 6. Breakdown or hold voltages at different instants after CZ for 

20 mm long inter-electrode gap and an arc current amplitude of 425 A in 

free-burning arrangement. The filled markers represent withstand voltages 
whereas the empty markers represent breakdown voltages. 

 
Figure 8. Breakdown or hold voltage at different instants after CZ in self-

blast arrangement for 425 A arc current. The filled markers represent 
withstand voltages whereas the empty markers represent breakdown 

voltages. 

 
Figure 7. Breakdown or hold voltage at different instants after CZ for 50 

mm inter-electrode gap distance for arc current of 275 A in free-burning 

arrangement. The filled markers represent withstand voltages whereas the 

empty markers represent breakdown voltages. 
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pressure curve at 38 ms, 50 ms, and 62 ms at 20, 40, and 80 bar 

respectively, as shown in Figure 9. In this way, a similar 

upstream pressure difference can be ensured for all the different 

filling pressures.  

The breakdown or the hold voltage at different instants after 

CZ for puffer arrangements at three different filling pressures 

are plotted in Figure 10. Reference measurements were 

conducted without any puffer movement, i.e., the arc burnt in 

the nozzle without any forced gas flow. No breakdowns were 

observed without forced gas flow, when the pulse was applied 

after 400 µs at 1 bar filling pressure. A voltage pulse before 400 

µs caused a breakdown for reference measurements at 1 bar. 

For reference measurement at 40 bar filling pressure, however, 

no breakdown was observed even for the pulse at 100 µs. For 

the cases with a forced gas flow, no breakdown was observed 

at neither of the filling pressures.    

The amplitude of the HV pulse is observed to go down as the 

time of pulse approaches CZ, as shown in Figure 11. This is 

perhaps due to the higher conductivity of the post-arc channel 

near CZ. At a high filling pressure (e.g., 20 bar, 40 bar), the 

damping of the applied HV pulse is greater than at 1 bar 

pressure. It has been observed that for some cases, the applied 10 

kV pulse is limited to 1 kV when the time to pulse is 200 µs or 

less after CZ for 40 bar or 50 µs for 20 bar filling pressure. As a 

result, no test was possible to be carried out for a time to pulse of 

less than 50 µs. 

4 DISCUSSION 

As the current approaches zero, the arc temperature 

decreases. However, the temperature change in the arc channel 

at CZ is not instantaneous. After CZ, when the temperature of 

the post-arc channel continues to drop below a certain level, the 

ionized particles start to recombine, which reduces the number 

of free charge carriers [19], [20]. As a result, the post-arc 

breakdown voltage of the contact gap depends on the gap 

temperature. Many factors influence the temperature decay of 

the gap which includes the geometry of the gap and the physical 

properties of the medium e.g., thermal conductivity, density, 

specific heat and viscosity [21]. 

In the free-burning arrangement, just after CZ until several 

hundred microseconds, the breakdown voltage is observed to 

be the same for any particular filling pressure. For 1 bar, the 

breakdown voltage is approximately 330 V, whereas for the 

higher filling pressures (e.g., 20 bar, 40 bar, 80 bar) the 

breakdown voltage just after CZ is approximately 100 V. Just 

after CZ, a positive ion space charge layer is formed adjacent to 

the pulse cathode when the voltage stress appears across the 

 

Figure 10. Breakdown or hold voltage at different instants after CZ for 

puffer arrangement for arc current of 425 A at 950 Hz. The filled markers 

represent withstand voltages whereas the empty markers represent 
breakdown voltages. 

 

Figure 11. Change in the amplitude of the applied HV pulse at different instants after CZ in the puffer arrangement for different filling pressures. 

 

Figure 9. Travel curve and upstream pressure difference of the puffer for 

different filling pressure. 

"© 2020 IEEE. Personal use of this material is permitted. Permission from IEEE must be obtained for all other 
uses, in any current or future media, including reprinting/republishing this material for advertising or promotional purposes, 

creating new collective works, for resale or redistribution to servers or lists, or reuse of any copyrighted component of this work in other works." 

This is the author accepted version of an article published in IEEE transactions on dielectrics and electrical insulation 
http://dx.doi.org/10.1109/TDEI.2020.008844



 

 

contact gap. Due to the high mobility of electrons followed by 

a general drift of the charge in the gap in response to the applied 

voltage, the formation of the space charge layer adjacent to the 

electrodes is instantaneous. As a result immediately after CZ at 

1 bar pressure, the breakdown voltage is close to the glow 

cathode-fall voltage [22]. Although no experimental data is 

found for glow cathode-fall voltage at a high filling pressure, 

an increase in the cathode-fall voltage is observed as the 

pressure is reduced [23]. 

For high filling pressures, the breakdown voltage until 300 µs 

is observed to be lower than at 1 bar. The energy deposition in 

the arc channel increases with the filling pressure due to high 

arc voltage. As the filling pressure is increased, the arc radius 

decreases [24]. Without forced gas flow, the thermal energy 

stored in the arc core fails to dissipate quickly. As a result, a 

relatively high post-arc current is observed for the arc burning 

at a high N2 filling pressure [14]. A relatively high post-arc 

current may facilitate the glow to arc transition at high N2 

pressure, which would reduce the cathode-fall voltage [25].  In 

a recent study on the thermal interruption performance in the 

free-burning arc, the re-ignition voltage was observed to be 

lower at high filling pressures compared to at 1 bar [14]. In this 

paper, within the first 300 µs after CZ, the breakdown voltage 

is observed to be almost fixed. Such a plateau in the breakdown 

voltage with time just after CZ was also observed previously 

[22]. Another observation is that the duration of the plateau in 

the breakdown voltage is almost independent of the filling 

pressure. 

For the free-burning arrangement, as the filling pressure 

increases, the breakdown voltage increases at a faster rate (after 

the critical time of approximately 300 µs after CZ). This critical 

time is probably linked with the temperature of the gap being 

close to the ionization temperature of N2. Once the temperature 

of the gap falls below a certain level, the breakdown voltage 

will increase rapidly with the increase of the filling pressure, 

which is also observed in this paper. This fast increase in the 

breakdown voltage at higher pressures is also reported 

elsewhere [10]. 

The current, at least in the range investigated, has no 

significant effect on the dielectric recovery at any filling 

pressure. Perhaps the temperature of the arc core is not strongly 

dependent on the investigated arc currents. No strong current 

dependency of the arc voltage was observed during the high 

current phase between 150 to 450 A [12]. The inter-electrode 

gap, however, plays a bigger role in the recovery process. In the 

free-burning arc, natural convection is more efficient for a 

larger gap, resulting in faster arc cooling. Moreover, the 

breakdown voltage increases with increasing electrode gap 

once the temperature of the gap is below a certain level. As a 

result, the larger gap recovers faster and similar results are 

reported elsewhere for atmospheric pressure air [26]. 

In the free-burning arc arrangement, where natural 

convection is the dominant cooling mechanism after CZ, the 

resulting cooling of the electrode gap is not efficient. To 

increase the cooling of the gap, the forced convective cooling is 

adopted using two arrangements: a self-blast and a puffer type. 

As the cooling of the medium is enhanced, the recombination 

rate of the charge carriers after the extinction of the arc 

increases. The dielectric strength of the gap just after CZ is 

expected to be high under forced cooling. In this paper, no 

breakdown is observed for neither self-blast nor in the puffer 

setup under forced gas flow. At high pressure, however, the 

relatively high post-arc conductance is observed near CZ (seen 

as the damping of the applied HV pulse). No strong dependence 

of the SC state on post-arc dielectric recovery characteristics is 

observed. Nevertheless, forced gas flow significantly enhances 

the post-arc recovery at high filling pressures, also in the 

thermal phase. The blowing pressures for the self-blast and the 

puffer arrangements being different, no further comparison is 

made between the two blowing mechanisms. 

 

5 CONCLUSIONS 

The pressure dependence of the post-arc dielectric recovery 

characteristics is reported in this paper. To evaluate the 

recovery characteristics, an HV pulse is applied at different 

instants after CZ. The breakdown or hold voltage of the contact 

gap is analyzed as a function of time after CZ. First, the free-

burning arc is investigated without forced gas flow. In the free-

burning arrangement, the gap dependency and the current 

dependency is also studied. For the gap dependence of the 

recovery characteristics, a 20 and a 50 mm gap are compared 

for the arc current of 425 A.  For the current dependence, two 

different amplitudes of current: 275 and 425 A are studied at 50 

mm inter-electrode gap. Afterward, to investigate the effect of 

forced gas flow on the recovery process at different filling 

pressures, two different arrangements are used: a self-blast and 

a puffer arrangement. Depending on the experimental 

observations, the following conclusions are drawn: 

• In the free-burning arrangement, the breakdown voltage of 

the contact gap increases faster with the increase of the 

filling pressure. However, in the thermal phase (just after 

CZ), the breakdown voltage is low for high filling pressure. 

A longer gap recovers quicker than a shorter gap. No strong 

current dependency of the post-arc dielectric recovery has 

been observed in the investigated current range. 

• Forced gas flow significantly enhances the post-arc 

recovery at a high filling pressure, also in the thermal 

phase. No breakdown is observed even immediately after 

CZ under forced gas flow conditions for the applied 

currents and voltage pulses. 

The experiments indicate that although the thermal phase is 

the critical phase of the ultrahigh-pressure N2 arc, the dielectric 

phase is inherently superior as the filling pressure increases 

even without forced gas flow. A forced gas flow, however, also 

improves the performance of the thermal phase, which shows 

its prospects as a subsea current interruption medium.  
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