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ABSTRACT

The effect of applied electric fields on jet flow instability was investigated experimentally by varying the
direct current (DC) voltage and the alternating current (AC) frequency and voltage applied to a jet nozzle.
We aimed to elucidate the origin of the occurrence of twin-lifted jet flames in laminar jet flow configura-
tion, which occur when AC electric fields are applied. The results indicate that a twin-lifted jet flames
originates from cold jet instability, caused by interactions between negative ions in the jet flow via electron
attachment as O, + e — O, when AC electric fields are applied. This was confirmed by experiments in which
a variety of gaseous jets were ejected from a nozzle to which DC voltages and AC frequencies and voltages
were applied, with ambient air between two deflection plates connected to a DC power source. Experiments
in which jet flows of several gases were ejected from a nozzle and AC electric fields were applied in coflow-
nitrogen provided further evidence. The flow instability occurred only for oxygen and air jets. Additionally,
jet instability occurred when the applied frequency was less than 80 Hz, corresponding to the characteristic
collision response time. The effect of AC electric fields on the overall structure of the jet flows is also reported.
Based on these results, we propose a mechanism to reduce jet flow instability when AC electric fields are
applied to the nozzle.
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Fig. 1. Dramatic changes in flame morophology with
applied electric fields for a nozzle diameter of
4.4 mm; the mole fraction of CsHg in nitrogen was
0.165, and the jet velocity was 1.5 m/s: (a) without
an applied voltage and (b) appying 7 kV with an
alternating current (AC) frequency of 26 Hz.
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Fig. 2. Schematic diagram of the experimental setup: (a) overall setup and (b) deflection plates used to detect the

charged species.
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Fig. 3. Cold flow visualization for the flames shown in
Fig. 1: (@) Vac =0, (b) 3kV, (c) 7 kV, and (d) 7 kV
(top view of (c)) at fac = 26 Hz.
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Fig. 4. Evidence of a negatively charged jet stream
under Vac =7 kV and fac = 26 Hz: (a) without a
deflection voltage and (b) with a deflection volt-
age of +10 kV applied to the plate on the right
side.
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Fig. 5. Effect of an AC field on the jet of (a) C3Hs, (b) Na,
(c) air, and (d) O with nitrogen coflow.
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Fig. 6. Effect of DC field on oxygen ionization, with a
deflection voltage at 0 kV or 10 kV applied to the
air jet: (@) Vae = 7 kV and (b) Ve = -7 kV.
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Fig. 7. Schematic diagram of the force acting on a ne-
gatively ionized flow volume due to an electric
field produced by: (a) negative DC and (b) AC
energized nozzles.
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Fig. 8. Shedding frequency of the main jet for various
AC frequencies at Vi = 7 kV.
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