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Fig. 3. The computational stability of DCP model as a function of Ny: (a) ng = 1; (b) ng = 10; () ny = 50; (d) ng = 100; (e) ny =
200; (f) ng = 500 (An example of case 1, gap pressure: 60 Pa, critical breakdown voltage: 345 V ).
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Fig. 4. The computational deviation of total ionization number in one path at different AU : (a) Potential path of No.1; (b) poten-

tial path of No.21.
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Fig. 5. A diagram of the test layout.
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Fig. 6. VI-t curve of the discharge process in case 1.
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Fig. 7. The geometry and potential path generation in the
laddered plate electrode (f = 3.97).

AR A 8(a), X BT 2 fUOCTHIRIIN G 13
Bl 25—, T AEMHENS CILR, EMEmRE
T e A P 2 e AR —E 1 C DO, Nt
e T HE L8372 A7 RO (1T case 2 HY B HEL
WA W, BRI B X AR AR ); 5, fTH
AR T J3E LA B P LI 22 25 1) P-4 7 B A L S 31 4
XBRE, i LAJSUAR IO A [ 2 (A PR Al — F] 4 1 B ) )
PhIRTE, HH B R B, X SE 0 B AR

070201-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 68, No.7 (2019) 070201

(a)

S HEIRIEE(No.1)

HRRRE (No.3)

[RIP 5% 40 Pa

[BIBRIERR 55 Pa

[BIBRIERR 70 Pa

[E]BEHEDE 90 Pa

WS (No. 10)

%Eﬂl‘(No.m)
[BIBRIESS 140 Pa

%ﬁiéﬁﬂi(No.ls)
[RIEEEHR 100 Pa

T T T T T T T T T
b N
10004 ) —e— AR —e— RRAR
No.1 No.21
No.13 .
i No.3 i
800 o No.7 No.9
> /
)
600 -
e
o
™ 400 vy vevvoveveew e NN AM -
SEELX
200 - X 1
T T T T T T T
0 40 80 120 160 200 240
[R5 5 / Pa

€l 8  Case 150 545 KX b (KR T Xe)

Fig. 8. The comparison of the calculation and test results in case 1 (working medium: Xe).
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Fig. 9. The relevant information of the MPDT: (a) Physical photograph; (b) the electrode geometry and potential path generation.
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Fig. 10. The comparison of the calculation and test results in case 2 (working medium: Ar).
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Fig. 11. The input conditions and calculation results in case 3 (working medium: Xe): (a) The electrode geometry and potential

path generation; (b) the calculation results of the V-p curve and the critical path distribution.
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Fig. 12. The input conditions and calculation results in case 4(working medium: Xe): (a) The electrode geometry and potential path

generation; (b) the calculation results of the V-p curve and the critical path distribution.
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Fig. 13. The input conditions and calculation results in case 5 (working medium: Ar): (a) The electrode geometry and potential

path generation; (b) the calculation results of the V-p curve and the critical path distribution.
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Fig. 14. The input conditions and calculation results in case 6(working medium: Xe): (a) The electrode geometry and potential path
generation; (b) the calculation results of the V-p curve and the critical path distribution.
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Fig. 15. The formation reason of the entire V-p curve in the

whole gap of case 3.
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Fig. 16. The ionization collision number distribution at different gap pressures in case 3: (a) p = 40 Pa; (b) p = 80 Pa.
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Abstract

The determination of the critical breakdown path in slightly uneven electric field has played a significant
role in gas discharge starting process and electrode surface erosion. In order to study the law of the critical path
position in the low-pressure breakdown case, a new algorithm based on the Monte-Carlo collision model and the
postulation of “forward-back trajectory for electrons” is established, namely the determination of the critical
path(DCP) model. In the DCP model, some electric field lines among the electrodes are regarded as the
potential breakdown paths, and the probability of the excitation and ionization collisions between the electrons
and the neutrals can be obtained by the Monte-Carlo model. The most probable path to trigger the breakdown
will be selected from among all the potential paths, namely the critical breakdown path, and the corresponding
breakdown voltage of the critical path will be calculated. A breakdown test with two different electrode devices
is performed to examine the accuracy of the DCP model: the critical path and breakdown voltage obtained by
the DCP could be examined respectively by capturing the surface traces of negative electrode and measuring
the breakdown voltage. According to the test results, the critical breakdown path can transit at different gap
pressures or flow rates, and this observation is qualitatively consistent with the calculation results. Meanwhile,
the relative error maximum of the breakdown voltage obtained by DCP is less than 7.9%. The accuracy of the
DCP model partly depends on the background pressure, and the background pressure in the application case
should be less than 103 Pa. Based on the DCP model, the numerical analyses of another four electrode devices
are conducted to acquire the common law about the critical breakdown path. According to the calculation
results, the transition zone has both a high frequency of critical path transition and a “fluctuant and similarly
straight” breakdown voltage curve with the gap pressure or flow rate increasing, and the critical path transition
direction follows the rule of “from longer paths to shorter paths”. Lastly, the inherent laws of those regulations
about the critical path are revealed by the DCP model.
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