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Abstract: An atmospheric pressure helium plasma needle type is studied. The plasma isgenerated at (10-40) 

kHzat very low power levels. It is in contact with a single electrode and is part of a resonantelectric circuit. The 

plasma needle consists of glass tube and stainless steel tube concentrated inside it,they are used for guiding the 

gas flow. The stainless steel tube  also serves as the electrode, which is connected to a high-voltage (HV) sub 

microsecond pulsed direct-current (dc) power supply (amplitudes of up to 40 kV).The stainless steel tube is 

made with different outer diameters (2.7,3.5,5,6)mm and the glass tube was made with different inner 

diameters(1,4.4,5.3,10.6)mm, the non thermal plasma temperature was measured as a function of high voltage 

frequency (up to 30 kHz), and distance from the needle nozzle, for different flow rate of the gas 

(1,2,3,4,5)l/minfor every stainless steel tube, The helium gas temperature was measured with a digital 

thermocouple having the “hot” junction covered with a plastic-cap. It is found that the plasma temperature 

increases with increasing frequency up to given frequency (nearly 15 kHz)and then slow down with increasing 

frequency, also it is found the maximum temperature measured at the nozzle of the needle (d=0) and the slow 

down slowly with distance. It is found the diameter of the cylindrical electrode did not had significant effect on 

the temperature of the plasma. 
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I. Introduction 

The scientific community who studies the plasma state has recently paid much attention to the 

development of atmospheric pressure plasma sources having the gas temperatures close to the room temperature 

and to use these plasmas for technologies applied up to now only under low-pressure conditions. The interest in 

this topic is dictated by a potential economic benefit from numerous non-thermal plasma technologies: plasma 

assisted chemical vapor deposition, etching, polymerization, protective coating deposition, toxic and harmful 

gas decomposition, sterilization and decontamination, electromagnetic wave shielding, polymer surface 

modifications, and so on. These new technologies can be now applied on the materials which can not be treated 

at low-pressure or can not support the temperature much higher than the room temperature. Such plasmas are 

placed in non-thermal plasmas category which were defined as having the gas temperature lower than 

combustion temperature (Tgas<Tcombustion = 2300 K) [1]. A relatively recent review paper presents the generation 

mechanisms, the appearance of the plasma states and physical.Characteristics of some atmospheric pressure 

discharges, which can have a non-thermal character and could be cold [2]. 

Starting from these considerations, different kind of atmospheric pressure non-thermal plasmas were 

generated, the most important being: plasma needle, plasma pencil, dielectric barrier discharge and plasma jet. 

Plasma needle was developed by Stoffels and was characterized having in view the electrical and optical 

characteristics [3], the action on bacterial cells [4] and in vivo treatments of biological tissues [5]. The studies 

have established that the positive effects of the cold non-thermal plasma treatment is not the effect of the 

thermal energy radiated by the plasma, but it is the effect of the action of the active species, mainly O and OH 

radicals, and nitric oxide. Puac extended the application area of the plasma needle studying the effect over the 

biological cells [6]. He also presents a voltampere characteristic of the plasma needle. Inactivation of bacteria 

and the interaction of the plasma with microbial cells were studied by Laroussi using plasma pencil and 

dielectric barrier discharge [7, 8]. Plasma pencil was for the firsttime studied by Janca [9], and plasma jet was 

used by Cheng for modification ofsuperficial characteristics of polymeric fibers [10]. 

Recently, there were developed other kind of cold plasma sources (some ofthem being biologically 

compatible) at atmospheric pressure, the mostrepresentative being: hollow slot micro plasmas tested for 

bacterial deactivation[11]; a surface discharge generated by combining continuous and alternativeelectric fields, 

plasma which generates hydrogen and is used for deactivation ofairborne microbial-contaminants and for 

neutralization of indoor OH radicals,being harmless to the human body [12]; and the so named rf APGD torch, 

testedfor treatment of cells and biological surfaces [13, 14]. 

Our study deals with conditions that effects the non thermal plasma needle temperature including 

frequency, distance from the nozzle of the needle, flow rate and electrode diameter. 
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II. Experiment and methodology 

The experimental arrangement is shown in Fig. 1. It consists of four main Parts: high voltage power 

supply plasma needle, helium gas, flow-rate control. 

The homemade high voltage power supply was made based on flyback transformer, it is able to 

generate high voltage between (0 - 10 kV) and frequencies(0 - 40 kHz).  

The plasma needle is made of glass tube and another stainless steel tube concentrated inside the glass 

tube they are used for guiding the gas flow. The stainless steel tube  also serves as high voltage electrode ( the 

anode), which is connected to a high-voltage (HV), the stainless steel tube is made of different outer diameters 

(2.7, 3.5, 5.1,6)mm and the glass tube is made ofdifferent inner diameters(1,4.4,5.3,10.6)mm as shown in 

Figs.1and  2, the stainless steel tube covered with a Teflon tape insulator except 5mm was left without Teflon 

tape insulator. The distance from the tip of the stainless steel tube to the nozzle of the glass tube was about 

(1cm). The helium gas was used as working gas to generate plasma,The helium gas was controlled by flow rate 

regulator(model MFG.CO.LTD. Tube, England). The gas flow can be adjusted in the range of (0–5) l/min. The 

plasma temperature was measured with digital thermocouple (DFP 450 W, Waterproof). To preventthe 

thermocouple to become an extra-electrode of the discharge, it is covered by Teflon tape.  

 

 
 

 
 

III. Results and discussion 

The gas temperature depends both on the helium flow-rate and on the frequency of the electrical field, 

Fig.(3.a,b,c,d) shows the variation of temperature as a function of the frequency of the high voltage power 

supply for different flow rate (1,2,3,4,5) l/min and different electrode diameter D (2.7,3.5,5.1,6) mm. It can be 

shown that all curves of the temperature have the same  behavior. The plasma temperature  increases with 

frequency to reach maximum point at given frequency nearly (15kHz)and then the temperature of the plasma 

will be slow dowm again with frequencyIt is found that the temperature increases with frequency up to ( 15 

kHz) and then slow down slowly this is because the absorption of the energy by the atoms of the gaswas 

increased with frequency and has maximum value (resonance frequency) at frequency (15 kHz). 
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However, it is found that the range of the temperature between (25-32) C
˚
 still comparable to the room 

temperature. Also, it can be show that at given frequency, the temperature  decrease with increasing of the flow 

rate. Concering the diameter of the cylindircal electrode, it found that it is not has segnificant effect on the 

temperature of the plasma. 

Fig .4 show the variation of the gas temperature as a function of the distance from the nozzle of the 

plasma needle, for  different gas flow-rate  (2,3,4)l/min and  different diameters of electrode D (5,  3.5, 2.7)mm, 

and fixed frequency (15 kHz).    

It is found that  the temperature has maximum value at point contact with the nozzle (D=0) and   

decrease slow down  with the distance from the  nozzle, this is because the atoms   go out from the nozzle have 

maximum energy electric breakdown and then lose its energy with distance because of its suffers collisions with 

air atoms. 

 

IV. Conclusion 

In our present work we design plasma needle with cylindrical stainless steel act as single electrode 

shielded by glass tube, the study of the effects of the electrode diameter, frequency of the input voltage, flow gas 

rate and axial distance from the nozzle of the needle on the plasma temperature. It is found that the temperatures 

of the plasma increases with increasing frequency up to given frequency (nearly 15 kHz) and then slow down, 

also the temperature has maximum value at the nozzle of the needle and decrease slow down  with the distance 

from the  nozzle. Concering the diameter of the cylindircal electrode, it found that it is not has segnificant effect 

on the temperature of the plasma. 

 

 
Fig. (3.a,b,c,d) Dependence of the plasma temperature on frequency for various gas flow rate (1,2,3,4,5)l/min 

and various electrode diameter (2.7,3.5,5,6)mm 

 

 

 

 

 

Fig. (3a) 
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Figure (4.a,b,c) Dependence of the plasma temperature on the distance for various gas flow rate 

(1,2,3,4,5)l/min and various diameter (2.7,3.5,5) mm,andfrequency f=15 kHz 
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