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Abstract: In this work, a home- made plasma jet system has been constructed. The system which used in this work was a dielectric 

barrier discharge (DBD) type atmospheric pressure plasma jet (APPJ). It was applied to generate a non-thermal plasma using an 

alternating current (AC) power supply (providing voltages 4,6,8 and 10 ) kVp−p and frequencies up to 20 kHz) with one types of noble 

gas(helium). The system was based on two electrodes configuration, where the configuration based on double-ring electrodes structure. 

Each configuration used two types of Pyrex tube with wall thickness of 0.8 mm and then when we changed to a pyrex tube with (1) mm 

we noticed no plasma was generated and studying all the characteristics 
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1. Introduction 
 

Plasma in nature, such as sun, aurora borealis and lightning 

is always fascinated by people [1]. The first investigations in 

electrical gas dis- charges are submitted by Ernst Siemens 

[2], who in 1857 offered a novel type of electrical discharge, 

which produced ozone (O3) from oxygen or air. Two coaxial 

tubes made of glass are used to start the discharge in a gap 

between the tubes and an electric field is applied between 

coaxial ex- ternal electrodes to produce electrical 

breakdown. The electric current is compelled to pass through 

the glass walls, acting as dielectric barriers.  

 

The discharge is ordinarily mentioned as the dielectric 

barrier discharge (DBD) [3]. In 1928, an American physicist 

Irving Langmuir [4], the Nobel laureate, proposed that the 

word plasma will be used to appoint that portion of an arc 

sort discharge, which the densities of electrons and ions are 

high but significantly equal. This discharge carries many 

varied particles such as electrons, ions, excited atoms and 

molecules which is similar to the blood plasma method that 

transports red and white blood cells [5]. 

 

Atmospheric Pressure PlasmaJets 

Atmospheric pressure non-thermal plasma jet (is a great 

plasma type that has been actively studied through the earlier 

decade [6].  This device normally consists of a dielectric 

tube made   of quartz, Pyrex, or ceramic tube with an 

electrode inserted inside the tube or wrapped around it. 

Various noble gases such as argon, helium and nitrogen are 

fed into the dielectric tube and occasionally are mixed with a 

small percentage of oxygen gas to increase the reactive 

species [7,8]. 

 

Dielectric Electrode Jets 

The dielectric electrode jets, as shown in figure can be 

operated by a power of radio frequency supply of 

13.56MHz. It consists of internal and external electrode [9]. 

The external electrode represents the tube and it is grounded 

whereas the internal electrode is coupled to the power 

supply. Helium gas is fed into the tube and mixed with 

reactive gases [10]. The RF power which delivered to the 

plasma jet is very high (between 50 and 500W) [11]. 

 

 
 

Dielectric Barrier Discharge Jets 

Consists of a dielectric tube with double metal ring 

electrodes which located at the external side of the tube and 

these electrodes are connected to the power supply [12, 13]. 

different gases are used in this device like helium, argon, the 

second configuration as shown in figure (3.2)(b) was based 

on a double-ring electrode configuration, which have two 

aluminum rings electrode covered the external Pyrex tube. 

The distance between two electrodes was fixed to 12 mm and 

the distance between downstream electrode and the nozzle 

of the Pyrex tube was fixed to 4 mm. The upstream electrode 

was connected to power supply and the downstream 

electrode was grounded [14]. 
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Double-ring electrode configuration with wall 

thickness of 0.80mm 

 

 
Double-ring electrode configuration with wall thickness of 

1mm 

 

2. Measurement of the Characteristics 
 

Measurement of the Plasma Plume Length 

It’s the distance between the tip of the plasma plume and the 

edge of Pyrex tube. This indicates that the higher gas flow 

rate and applied voltage lead to longer plasma plume, The 

voltages we studied were (4, 6, 8 and 10) kVp-p and the 

frequency was up to 28HZ using helium gas we noticed that 

the plasma plume is increased by increasing the flow and 

also increasing the voltages also increase the plasma plume 

as shown in the figures 

 

 
Fig this figure shows the relationship between the plasma 

plume and the flow. 

 
Fig this figure shows the relationship between the plasma 

plume and the source voltages 

 
Plasma Plume Length (mm) Flow (slm) 

14 1 

17 2 

20 3 

22 4 

33 5 

37 6 

Fig this figure shows the relationship between the plasma 

plume and the flow rate at voltage at 4kVp-p. 

 
Plasma Plume Length (mm) Flow (slm) 

19 1 

22 2 

24 3 

30 4 

35 5 

39 6 

 

Fig this figure shows the relationship between the plasma 

plume and the flow rate at voltage at 6kVp-p. 
Plasma Plume Length (mm) Flow (slm) 

23 1 

26 2 

28 3 

33 4 

36 5 

41 6 
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Fig this figure shows the relationship between the plasma 

plume and the flow rate at voltage at 8kVp-p. 

 
Plasma Plume Length (mm) Flow (slm) 

27 1 

31 2 

33 3 

38 4 

42 5 

46 6 

 

Fig this figure shows the relationship between the plasma 

plume and the flow rate at voltage at 10kVp-p. 

 

 
Fig photographs show the plasma plumes for different helium flow rates at 4kVp-p. 

 

 
1 slm 

 
2 slm 
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3 slm 

 
4 slm 

 
5 slm 

 
6 slm 

Fig photographs show the plasma plumes for different helium flow rates at 6kVp-p. 

 
Fig photographs show the plasma plumes for different helium flow rates at 8kVp-p. 
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Fig photographs show the plasma plumes for different helium flow rates at 10kVp-p 

 

Plasma Jet Temperature Measurement 

It can be measured by using the mercury thermometer where 

the heat sensitive part was located at various distances from 

the end of the tube nozzle with different gas flow rate 

 

It is observed that the helium plasma jet temperature 

decrease more than argon with increased plasma plume 

length. In addition, with increasing gas flow rate, the plasma 

jet temperature decreased with helium in time until it fixed 

at (120,150,180) sec. By increasing source voltages the 

temperature increases 

 
Fig this figure shows the relationship between the 

temperature as a function of time for different helium flow 

rates  (voltage =4kVp-p). 
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Fig this figure shows the relationship between the 

temperature as a function of time for different helium flow 

rates (voltage =6kVp-p) 

 

 
Fig this figure shows the relationship between the 

temperature as a function of time for different helium flow 

rates (voltage =8kVp-p). 

 

 
Fig this figure shows the relationship between the 

temperature as a function of time for different helium flow 

rates (voltage =10kVp-p). 

 

 

 

 

 

 

 
 

 

 
Fig this figure shows the relationship between the 

temperature and the flow rate 
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3. Discussion 
 

Ahome-made non-thermal DBD plasma jet has been 

successfully built and we studied its characteristics 

 

The reduction of Pyrex tube wall thickness has an effect on 

the plasma system and reduce the temperature of plasma jet  

 

The plasma plume length depends on the source voltage 

type, flow rate , if we used the same gas   

 

The plasma jet temperature which generated using double 

ring electrode configuration was close to room temperature. 

 

The electron temperature for helium plasma jets decreased 

with higher gas flow rate, while increased with higher 

voltage. The plasma jet temperature increases with 

increasing time in argon more than helium and decreased 

with higher flow rate in helium plasma jet more than in 

argon that the higher gas flow rate and applied voltage lead 

to longer plasma plume the width of the plasma plume in 

helium increased  
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