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Characteristic Analysis on the Ion Current Signal of
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Abstract: In order to promote the use of ion current method for real-time detection of methane
combustion status and increase the combustion precision, the ion current signal of methane/air
premixed turbulent flame in the constant volume combustor was measured and analyzed under the
conditions that the initial temperature is 293 K, the initial pressure is 100 kPa, the speed
coefficients of turbulence device are 0 (laminar flow) and 1 650 (turbulent), the excess air
coefficients are 1.0, 1.1, 1.2, 1.4 and 1. 6. By comparing and analyzing the flame ion current
signals with the flame propagation images recorded by schlieren system when the excess air
coefficient is 1. 0 and the rotational speed coefficients are 0 and 1 650, the causes resulting in the

fluctuation of the ion current signal of methane/air premix turbulent flame are obtained. By
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comparing the combustion pressure signals and the ion current signals under the conditions that

the speed coefficients are 0 and 1 650 and the excess air coefficients are 1. 0, 1.2, 1.4 and 1. 6, it

is found that the changes of eigenvalues of the turbulent flame’s pressure signals and ion current

signals are the same as that of the laminar flame with the decrease of excess air coefficient: the

larger the peak value is, the earlier the peak time will be, and the number of rising edges of ion

current signal is increased. When the excess air coefficients are the same, the peak value of

turbulent flame is bigger than that of laminar flame, the peak time is earlier than that of laminar

flame, and the number of ion current signal rising edges is greater than or equal to that of laminar

flame. It is also found that when the rotational speed coefficient is 1 650 and the excess air

coefficients are 1.0, 1.1 and 1. 2, there is a positive linear correlation between flame ion current

signal and flame propagation velocity, and the squares of the correlation coefficients are 0. 977 6,

0. 938 3 and 0. 831 9 respectively.
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Fig. 1 Diagram of turbulent flame experimental bench

system for ion current measurement
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Fig. 2 Turbulent constant-volume combustor and ion current

measurement system
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Fig. 3 The wind speed of various turbulence generating

devices measured in open space when k,=1 650
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Fig. 4 The combustion pressure signal and the ion current
signal of methane/air premixed laminar flame when

A=1.0 and £,=1 650
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Table 2 The thermal ionization energy and the ionization
rate of the main components in the high tempera-

ture regiont*>
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Fig. 5 The combustion pressure signal and the ion current
signal of methane/air premixed turbulence flame

when A=1.0 and k,=1 650
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Fig. 6 Contrast figure of methane/air premixed laminar
flame’s combustion pressure signal and ion current
signal and methane/air premixed turbulence flame’s

when 2=1.0,1.2,1. 4 and 1. 6 respectively
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