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ABSTRACT: Atmospheric pressure plasma jet has large
application prospects in many fields such as surface treatment,
biomedicine and so on, but its application is limited because of
the complexity of the airflow control system. In this paper,
based on a traditional single-needle jet structure and
appropriate configuration design, a diffuse plasma jet without
airflow was produced, and the influences of tube diameter and
air gap spacing were investigated. Moreover, the development
process of the diffuse jet was also discussed. It is shown that
the diffuse jet is generated by the interaction of external
electric field, surface charge and space charge. The length of
jet and the current amplitude decrease with the increase of air
gap spacing. In the case of small tube diameter, the diffuse jet
presents a gradual process of “corona — jet generation — jet
development — channel formation” with the increasing voltage
amplitude, and the negative discharge could be observed. The
diffuse jet is generated as a sudden process of “corona —
channel formation” under a large tube diameter condition. The
two unique phenomena and the development processes of
diffuse jet are explained based on the dielectric surface process
theory. A simple plasma jet device was provided in this paper
which can be helpful in improving the application field of

plasma jet.

KEY WORDS: diffuse jet without airflow; discharge mode

transition; surface charge; dielectric surface process
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Fig. 1 Experimental setup of jet without airflow
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Atmospheric pressure plasma jet (APPJ) has broad
application prospects in many fields such as surface
treatment, biomedicine, and so on. But its application is

limited by a complex gas supply and flow control system.

Based on a single-needle jet structure and appropriate
configuration design, a diffuse plasma jet without airflow
is produced, and its electrical and optical characteristics
are studied. The influences of tube diameter and air gap
are investigated in this paper. Moreover, based on
surface process theory, the development process of the
diffuse jet is discussed.

The experiments are conducted with a typical
needle-tube-plate structure. The high voltage (HV)
electrode is made of a copper needle which is placed on
the axis of a quartz tube and the tip is 3 mm away from
the center of its nozzle. The thickness of the quartz tube
is 1 mm, and the inner diameter of the nozzle is d mm.
A quartz plate is placed g mm in front of the nozzle as a
barrier medium with a ground electrode at the back.
Discharge characteristics of d and g are investigated by
an AC power supply. The electrical parameters in the
experiment are measured by a high voltage probe and a
current probe. Discharge images are captured by a Canon
camera. All these experiments are operated in open air.

The typical discharge images are shown in Fig. 1.
It’s shown that the plasma jet is ejected from the nozzle
through the air gap under the action of applied voltage.
The discharge is characterized by a large area of
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Fig.1 Typical discharge image of diffuse jet
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diffusion and there are no obvious filaments can be
observed in the air gap. The radial range of the generated
plasma plume is up to 12mm. The current irregularly
exhibits several spikes of amplitude of about tens of mA
and these spikes are mainly distributed in the positive
half cycle, which indicates that a stronger discharge
occurs in this stage. The plasma plume length and
current amplitude decrease with the increase of air gap
spacing g due to the decline of external electric field.
The diffuse jet is generated as a sudden process of
“corona — channel formation” under a large nozzle
diameter condition, while the diffuse jet presents a
gradual process of “corona — jet generation — jet
development —channel formation” in the case of small
nozzle diameter d, and the negative discharge can be
the
development processes of diffuse jet (shown in Fig.2) are

observed. The two unique phenomena and
explained based on the dielectric surface process theory.
The analysis indicates that the diffuse jet is generated by
the interaction of external electric field, surface charge
and space charge. This paper will be helpful in enlarging
the applications of plasma jet.
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Fig. 2 Discharge at different applied voltage, with
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