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Experimental and Simulation Study on Dielectric Barrier
Discharge Characteristics of Gas Liquid Two-phase Under
Different Solution Concentrations

BIAN Jingjing, CUI Xinglei, FANG Zhi
(College of Electrical Engineering and Control Science, Nanjing Tech University, Nanjing 211816, China)

Abstract: The discharge characteristics of column-plate electrode structure under high frequency excitation were
studied by combining experiment and simulation under different solution concentrations. The discharge characteris-
tics of gas-liquid two-phase dielectric barrier discharge (DBD) were measured through experiment, and the electri-
cal and luminescent characteristics under different solution concentrations and applied voltage amplitudes were
obtained. On this basis, the equivalent circuit model corresponding to this experiment was established by combin-
ing with the physical process of gas-liquid two-phase discharge. The model parameters were determined by com-
bining the experiment with the electric field simulation, and the circuit simulation model was established in Simu-
link. The voltage and current waveform, and Lissajous graph under different concentration and voltage amplitude
were obtained through simulation. The correctness of the simulation model was verified by comparing simulation
and experimental results. The discharge parameters, such as air gap voltage, liquid phase voltage, discharge chan-
nel current, and energy ratio, which could not be obtained in the experiment directly, were further extracted by the

above model. The results show that the solution concentration has no significant influence on the voltage and cur-
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rent waveform and luminescence characteristics of the loop obtained by experiment. However, it is found through

simulation that the proportion of energy consumed by gas phase and liquid phase are affected by it greatly. With

the increase of solution concentration, although both liquid power and gas power increase, the liquid power increas-

es faster, resulting in that the energy ratio of liquid phase increases obviously. The energy ratio of gas phase can be

improved by increasing the excitation source voltage, which can inhibit the energy obtained by liquid phase to a

certain extent.

Key words: gas-liquid two-phase dielectric barrier discharge; solution concentration; equivalent circuit model;

time-dependent capacitance; discharge characteristic
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Fig.1 Schematic diagram of

experimental system structure
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Fig.2 [Experimental results of typical discharge
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Fig.3 Voltage and current waveform at

different solution concentrations
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Fig.6 Voltage and current waveform at

different voltage amplitudes

N[ PP X I B R B R U P 8 o . A
P 8\ DL, =4 A it Fi s 8 (L 10 KV IR 0 Fi TR B A
Y RS (U e A 22 B . B A it PR R
RT3 0 Sl 5 FEE Y o, TRV T AR K J0H 2 TR A
{1 4 22 32 17 DY Jo 37 Wi ELABSOA B 3 4R 4 4 v s
MR AR 2 13 KV I, & 9 B A 31 fi o, R AH 22 11

7 A [EHEMRE TR Lissajous Bl

()10 kV (b)11 kV

(©)12kV ()13 kV
B8 A REIEEIEETHALEG

Fig.8 Luminescent images at different voltage amplitudes
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Fig.17 Comparison on experimental results and
simulation results of discharge power and transfer charge

in different solution concentrations
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Fig.18 Power and energy ratio at

different solution concentrations
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Fig.19 Comparison on experimental and simulation
results of discharge power and transfer charge under

different voltage amplitudes
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