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Abstract Article Info. 

A low-cost reverse flow plasma system powered by argon gas 

pumping was built using homemade materials in this paper. The 

length of the resulting arc change was directly proportional to the 

flow rate, while using the thermal camera to examine the thermal 

intensity distribution and demonstrating that it is concentrated in the 

centre, away from the walls at various flow rates, the resulting arc's 

spectra were also measured. The results show that as the gas flow 

rate increased, so did the ambient temperature.  The results show that 

the medium containing the arc has a maximum temperature of 34.1 

˚C at a flow rate of 14 L/min and a minimum temperature of 22.6 ˚C 

at a flow rate of 6 L/min. 
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1. Introduction 
Plasma systems are classified into two types: thermal and non-thermal [1], each 

with advantages and disadvantages. Thermal plasma systems have disadvantages in that 

they generate plasma without selectivity agitation, which is dangerous at very high 

temperatures. They also have cooling requirements and problems with electrode wear 

bows [2]. These features, in turn, lead to limited energy efficiency and applicability to 

thermal plasma sources [3]. Operating pressure and energy levels for non-thermal 

discharges are usually limited, which limits the production rates for industries [4]. Large 

conventional thermal and non-thermal discharges cannot simultaneously provide a high 

level of non-thermal discharges balance [5], elevated electron temperature and high 

electron density. However most chemical applications require high potential power for 

reactor productivity efficiency and high degree of imbalance to support selective 

chemical processes [6]. This is the reason why one of the vital challenges of modern 

discharge physics  is a hybrid plasma system that combines the benefits of both thermal 

and non-thermal plasma systems.  By creating high-power, high-pressure discharges that 

can generate unbalanced plasma [7], used in a variety of exhaust gas cleaning 

applications [8], Pollution control, fuel diversion, hydrogen gas production, and surface 

treatments are all examples of surface treatments [9]. In this paper a reactor was built 

with available and inexpensive materials with  a rotating gliding arc plasma and a three-

dimensional cylinder that works by compressing the gas through side transverse holes 

with the axis of the circle in order to divert heat from the walls and throw the energy 

into the core of the reactor. 

 

2. Experimental work 
2.1. Mechanical design 

The proposed system is made up of three major components: a base, a Teflon 

cover, and a Pyrex glass cylinder that serves as a plasma transport medium between the 

base and the cover. Fig. 1 depicts an outline of the proposed system. 
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Figure 1: Reactor design: (a) scheme of the proposed reactor, (b) design Diagram. 

 

The system's total height with its three parts is 190 mm. The hollow base has three 

different diameters. Four 1 mm diameter gas pump outlets are tangent to the bore edge 

and 15 mm above its base. These enable the formation of the plasma vortex. These 

outlets are connected to the gas system via nozzles with a diameter of 5 mm. This 

enables the installation of a copper electrode in the cavity, which is also used for 

electrical conduction. At the base, a copper wire is connected from the outside to a 

power source and from the inside to a copper disk, which serves as the first pole. The 

second pole is a gear-shaped iron pole that can be moved up and down with the help of 

a DC motor that is controlled from a distance. The third component of the system is the 

cylinder cover, which measures 10 mm in length and 50 mm in diameter. It has a 5mm 

hole in the centre where the wire exits. There are also four iron poles that hold the 

pieces together. 

 

2.2. Thermal properties 

The unbalanced plasma is referred to as a non-thermal plasma. In this plasma, the 

temperature of the electron is 100-1000 times higher than the temperature of the neutral 

gas [10]. In this way, light and dynamic particles (electrons) create a chemically 

reactive medium   [11] . While the gas is kept at room or  slightly elevated temperatures, 

thermal damage to the environment is avoided. There are different techniques for 

measuring plasma surface temperature using several measuring instruments [12]. 

 

2.3. Thermal camera 

A thermal camera type S/N 90002261140 was used, as shown in Fig. 2. The 

principle of operation of the camera is to track the desired body temperature [13]. The 

thermal imaging camera features a unique lens that allows infrared energy to pass 

through it and then strike the focused light, and then a sensor that scans the information 

and extracts from several thousand, the field of view through this process is known as a 

complex temperature pattern. Where the process of creating a heat plan development of 

the film takes only few seconds.  The thermogramturns into electrical impulses that are 

directed to the pulse of the signal processing unit, which translates the information into 
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files. The generated visual data are displayed as different colours related to the amount 

of infrared energy emitted from the mixture.  Fig. 3 represents a schematic diagram of 

the camera's internal steps.  

 

 
Figure 2: Thermal camera used. 

     

 
Figure 3: A diagram showing the parts of the thermal camera. 

 

2.4. Optical emission spectroscopy 

One of the methods for diagnosing plasmas is optical emission spectroscopy [14, 

15]. It is used to learn about the nature of plasma, including its chemical composition 

and types, as well as the gases that comprise the plasma [16]. Fig.4 shows the system 

for spectrometry. 

The signal is collected and entered into the device (1) via a fibre-optic cable, 

which diffuses a rainbow of colours through pointed diffraction (2). Light scattering is 

observed on a series of photodiodes (3), each of which only responds to constriction, or 

the wavelength range that affects it. A dual-charge device (CCD) is connected to the 

diodes (4). Photodiodes take advantage of the photoelectric effect in the valley formed 

by the semiconductor and the metal. In the cell, voltage is generated by the electron 

transition coil. The voltage of the diode is converted into digital form, and the resulting 

numbers are sent to a dedicated computer that is running a spectrum analysis program. 

The spectrum is immediately displayed on the screen and saved in the  computer files. 
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The individual test only takes a fraction of a second, after which the diodes can be 

emptied to be ready for the second scan. 

 

 
Figure 4: Scheme showing the spectrometer used. 

 

 

3. Results and discussion 
A vortex forms inside the reactor as a result of the high-speed gas being pumped 

through the transverse nozzles (to ensure the gas is transferred from one hole to the 

other). The reactor must be cylindrical (that is, have a diameter). Initially, argon gas was 

pumped into the reactor to ensure reactor operation and to achieve an ideal arc at 

various flow rates (6, 8, 10, 12, and 14) L/ min. Fig.5 depicts the ideal arc that appeared 

when pure argon gas was pumped. 

 

 
Figure 5: The maximum plasma length versus different pure argon gas flow rate at: (a) 6 

L/min, (b) 8 L/min, (c) 10 L/min, (d) 12 L/min, and (e) 14 L/min. 

 

The results in Fig.5 show that as the gas flow rate increases, the length and size of 

the resulting gliding arc change directly. When the gas flow rate was high enough, the 

resulting eddy currents inside the reactor were pushed to the top, and then collapse 

occurred, Collapse occur occurred when both the flow rate and the supplied voltage 

high. 
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3.1. Description of the thermal characterization 

Imaging with a thermal camera reveals the system's thermal nature, and the 

thermal distribution of the plasma resulted plasma using pure argon gas infusion as 

shown in Fig.6. The thermal images captured show the intensity of the heat distribution, 

and see the intensity of the heat confined in the centre can be seen. This demonstrates 

the significance of the rotating arc in confining heat in the centre and keeping it away 

from the walls. The temperature of the outer Pyrex surface is indicated by the numbers 

at the top in thermal image. Table 1 depicts the temperature change as argon gas flow 

rates vary. 

 

 
 Figure 6: Thermal camera images for argon gas flow rates of: (a) 14 L/min, 

(b) 12 L/min, (c) 10 L/min, (d) 8 L/min, and (e) 6 L/min. 

       
Table 1: The container medium plasma temperature using various argon gas flows. 

 

Flow rate 

(L /min.) 

Temperature 
(˚C) 

6 22.6 
8 29.2 

10 30.8 
12 32.6 
14 34.1 

 

The table above shows that as the gas flow rate increases, so does the temperature of the 

Pyrex containing the plasma, this is due to an increase in kinetic energy as pumping 

speed increases. 
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3.2. Optical emission spectroscopy results 

Spectra for argon gas alone were collected. The plasma spectrum produced by 

argon gas flowing in various flows is depicted in Fig.7 for different gas flow. It can be 

seen that the intensity of the spectrum increases with increasing gas flow rate, 

confirming the thermal camera results as the medium containing the arc increases. The 

goal of the spectroscopic characterization is to show that the intensity of a spectrum 

increases as the flow rate changes. 

 

 
Figure7: Pure argon gas produces a plasma spectrum with varying flow rates. 

 

4. Conclusions 
In this paper, a system was designed and developed to generate a gliding arc 

plasma with a rotating reverse flow (RVF-GA) using simple, low-cost materials 

available in the local market. Argon gas was pumped through the tangent openings and 

the change of the arc length with the rate of flow was observed. Through the thermal 

camera, the thermal intensity distribution in the core of the reactor were studied. The 

temperature of the walls of the cylinder containing the arc was studied, and the success 

of the tornado arc was proven by confining the temperature only in the middle away 

from the walls, where it could be touched by the hands. The resulting arc spectrum with 

various flow rates showed an increase in intensity with each increase in flow rate. The 

results obtained are promising for uses in numerous industrial and agricultural 

applications. 
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التدفق الدوام العكسي   المنتجة بواسطة منظومة الحرارية لبلازما القوس الانزلاقي صائصالخ

 ة المختبري 
 

 فرح عبد الكافي لازم، حمد رحيم حمود 

 كلية العلوم، جامعة بغداد، بغداد، العراق  ، الفيزياءقسم 
 الخلاصة 

تم بناء نظام بلازما تدفق عكسي منخفض التكلفة مدعوم بضخ غاز الأرجون باستخدام مواد محلية الصنع في  

البحث الكاميرا  .  هذا  استخدام  أثناء  التدفق،  مع معدل  الناتج متناسبًا بشكل مباشر  القوس  تغير  الحرارية  كان طول 

كانت   مختلفة،  تدفق  بمعدلات  الجدران  عن  بعيداً  المركز،  في  يتركز  أنه  وإثبات  الحرارية  الكثافة  توزيع  لفحص 

أيضا تقاس  الناتجة  القوس  معدل  .  أطياف  زيادة  مع  أنه  النتائج  الحرارة  تظهر  درجة  تزداد  الغاز،  تدفق 

درجة مئوية بمعدل  34.1أظهرت النتائج أن الوسيط الذي يحتوي على القوس له درجة حرارة قصوى تبلغ .المحيطة

 . دقيقة /لتر  6درجة مئوية بمعدل تدفق  22.6دقيقة ودرجة حرارة تقل عن  /لترًا  14تدفق 
 


