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INTRODUCTION 

Coating is found almost anywhere in daily life and the development of coating technology grows every year. Thermal 

spraying is one of the most promising applications of coating technology. There are various types of thermal spray 

available today and the plasma spraying method is the most versatile of the thermal spray processes which capable of 

spraying all materials that are considered spray able. It uses thermal energy which caused by ignition of gas plume. It is 

also a surface modification treatment by adding new materials on the surface of substrates [1]. Microwave plasma is easy 

to be generated at low power with less than 1 kW [2] and has stability in wide range of pressure [3] 

The are many factors affecting the plasma spray coating process such as spray stream, material feed, gun and substrate 

[3]. In this research we focus more on the flow of the spray stream and the antenna nozzle design. Flow rate of carrier gas 

is a main thing for improving the quality of coating that can be achieved through plasma spray coating by using microwave 

plasma spray. The flow velocity on the plasma generation process can be evaluate in terms of the Reynolds number, 

which distinguish the flow as a laminar flow or a turbulent flow. The Reynolds number is defined for several different 

situations in which a fluid is in relative motion to the inner surface of the tube. Under ordinary conditions, it has been 

found that the flow is always laminar for Reynolds numbers of less than 2000 [4]. Basically, plasma plume will be form 

by generating non thermal gas species that will make it a flow of gas plasma by a provided device. In the recent experiment 

of plasma jet, it said that when the gas flow rate is higher than the critical Reynolds number, which seems to be related 

to the turbulence fluctuations significantly. In their report, the length of Ar-plasma plume shows to be shortened, when 

the critical Reynolds number is over 2320 [5]. 

This paper is discussing on Reynolds number application in structure of the plasma torch for microwave plasma spray. 

Suitable structure of plasma torch needed for laminar flow by Reynolds number calculation.  However, the research 

concerning this microwave plasma spray is very less and the mechanisms are still more to be ascertained different antenna 

outlet diameter and gas working flow rate by using same output power which is 0.8 kW are used in this experiment. This 

different in antenna outlet diameter and gas flow rates will give us different value of calculated Reynolds which plays 

importance part in this investigation. 

METHODOLOGY 

The methodology in this paper is separated in two major components, which are process design and experimental 

setup. Design process was using (SHARP, R213CST) microwave oven and brass pipe as a nozzle antenna while the 

experimental setup was conducted for Reynolds number calculation. 

Process Design 

Fig. 1 shows the designated schematic diagram of the microwave oven plasma spray device used in this study. The 

antenna which made of copper metal pipe were positioned on the centre axis of the microwave oven cavity to utilize the 

ABSTRACT – Microwave oven induced plasma method is a novel application of microwave oven 
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Reynolds number calculated by applying the outlet diameter of antenna which is 2, 3 and 4 mm. 
From this research, Reynolds number from all outer diameter of antenna are below 2000 which 
indicate laminar flow. The widest plasma diameter achieved at 6.59 mm with 4 mm outlet diameter 
of antenna and 15 lpm working gas flow rate while the narrowest plasma diameter achieved at 1.26 
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acceptable condition for producing plasma plume was at 3 mm of antenna diameter with 25 lpm of 
Ar gas flow rates. 
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concentration of microwave electric field [6]. Besides, we placed the antenna vertically to support with gravitational 

force. The present of quartz tube will affect the plasma plume volume, plume length and discharge current [7]. Quartz 

tube is transparent to microwaves environment. By that, working gas which is argon flows through a quartz tube can be 

ionized by microwaves [8]. Quartz tube functioned as a reaction cavity for plasma plume. The discharge tube’s material 

is compulsory due to the shift of resonance frequency. The shift happens due to the material’s dielectric constant itself 

[9]. The function of the dummy load is to avoid any reflected return to microwave generator. It will also reduce the 

possibility of arcing inside microwave oven cavity [10]. 

 

Fig. 1 Schematic diagram of the microwave oven plasma spray device 

Experimental Setup 

Plasma Ignition 

This investigation of the plasma ignition condition for the microwave oven induced plasma is conducted in this 

experiment. The experimental condition of plasma ignition of induced plasma is shown in Table 1. The operations time 

is limited until 210 seconds to minimize the damage taken by the antenna. The images of the plasma plume produce were 

taken by camera and will be analysing using image processing method. For the power supply, output source is used that 

produce by microwave oven itself. While for the carrier gas fixed to Argon. Argon is selected because it is inert gas which 

easy for ionization for generating plasma. 

 

Table 1. Experimental condition for plasma ignition 

Condition Value 

Antenna Outlet Diameter (mm) 2, 3, 4 

Working Gas Flow Rate (l/min) 10, 15, 20, 25 

Output Power (kW) 0.8 

Working Gas Argon 

Reynolds number calculation 

Experiment conducted to analyse the data using Reynolds number formula. The data that need to be implemented are 

carrier gas flow rate, outlet diameter (OD) of antenna nozzle and temperature of plasma during ignition. The Reynolds 

number (Re) will indicate whether the flow is laminar or turbulence. The experimental condition is shown in Table 1.   

   

The stability of plasma can be determined by outlet diameter of antenna and working gas flow rate. The effect of the 

gas flow velocity in stable plasma production can be interpreted by Reynolds number. Reynolds number will indicate 

whether the flow is laminar or turbulence. In this contact, laminar flow is the best decision for plasma formation state. In 

order to get Reynolds number, equation (1) for volume flow rate formula, (2) for energy balance in open system and (3) 

for Reynolds number formula to be applied. Table 2 shows the type of flow by Reynolds number. 
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Table 2. Type of flow by Reynolds number 

Reynolds number, Rn 
Type of flow 

Rn < 2000 Laminar 

2000 < Rn < 4000 Transition 

Rn > 4000 Turbulent 

 

RESULT AND DISCUSSION 

Plasma Ignition 

The experimental result for plasma ignition condition is shown in Table 3. All working gas flow rate are able to 

generate plasma and the width of the plasma plume increase when the increasing of the flow rate of the Ar is shown in 

Fig.2. It can be seen that the different the size of antenna diameter and different gas flow rate used, the different the length 

and width of plasma plume produced. 

 Thermal pinching effect which play important role for the plasma shape of the velocity profile in the nozzle antenna 

can be observed start at 15 lpm of flow rates [11]. In addition, the length of plume only is affected by changing the gas 

flow rate of Ar [12]. On the other hand, the increasing of gas flow rate cause shape of plasma becomes narrower.  

Moreover, it can be clarified that the influence of amount of water inside the dummy load for plasma generation effect 

the generation of plasma. Flowing of water is suitable enough for reducing concentration of microwave energy to generate 

the plasma. Thus, the sufficient microwave field heated the electrons, where the electric field was further concentrated 

with the emergence of the argon gas.  

 

Table 3 Experimental result for plasma ignition at 2, 3 and 4mm antenna OD 

Antenna 

Outlet 

Diameter 

Gas Flow Rates 

10 lpm 15 lpm 20 lpm 25 lpm 

2 mm 

    

3 mm 

    
     

4 mm 

    

 

10 mm  
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Width of plasma plume 

Based on graph shown in Fig. 2 below, it can be concluded that the widest plasma diameter achieved at 6.59 mm with 

4 mm outlet diameter of antenna and 15 lpm working gas flow rate. While the narrowest plasma diameter achieved at 

1.26 mm with 3 mm outlet diameter of antenna and 10 lpm flow rates of working gas. For 2 mm outlet diameter of 

antenna, the width of plasma plume got fluctuated trend. At 10 lpm the width become the widest among themselves. 

Then, it declines at 15 lpm and 20 lpm. After faced the reduction, it increases slightly at 25 lpm. Then for 3 mm outlet 

diameter of antenna, increment of width of plasma plume affected by increment of working gas flow rate. Next, for 4 mm 

outlet diameter of antenna, the trend is opposite to 2 mm outlet diameter of antenna. At 10 lpm, it got narrow width of 

plasma plume and started rise at 15 lpm and 20 lpm. Then at 25 lpm, it got the narrowest width of plasma plume among 

themselves. 

 From observation when undergoing the experiment, the most stable condition for producing plasma plume was 

at 3 mm of antenna diameter with 25 lpm of Ar gas flow rates. Its stability observes by its good shape of plasma plume 

at condition stated. It can be said that the steady trend length of plasma plume over the working gas flow rate at 3 mm 

outlet diameter of antenna effect its stable condition of plasma. 

 

 

 

Fig. 2 Width of plasma plume by the change of working gas flow rate and OD  

Study flow from Reynolds number calculation 

Reynolds number calculated by applying the outlet diameter of antenna which is 2, 3 and 4 mm. From the result shown 

in Fig. 3, Reynolds number from all outer diameter of antenna are below 2000 which indicate laminar[13]. The plasma 

shows more stable discharge when laminar flow take place rather than turbulence flow [4]. Due to high plasma 

temperature in the central region, plasma got high molecular velocity and results by small Reynolds number [4]. The gas 

particle will move in straight line when undergo laminar flow. 

 The range of Reynolds number between 2000 and 4000 is described as the transition which known as critical region 

because of unpredicted flow. One should avoid using this type of flow in this range. When Reynold number exceeds 

4000, the flow will change into turbulence flow which characterized by irregular movement flow of the particle. Thus, it 

can be concluded that all OD are applicable for plasma ignition since they have laminar flow. 
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Fig. 3 Calculated Reynolds number by the change of working gas flow rate and OD 

 

CONCLUSION 

This paper reports that calculated Reynolds number from 2, 3 and 4mm OD of antenna below 2000 which indicate 

laminar flow. Width of plasma influenced by change of working gas flow rates and OD of antenna. this microwave plasma 

spray application can be used for coating the material and produce at low power, suitable for low melt substrate such as 

plastic, polymer and resin. 
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