
 

 

ABSTRACT 

MAREADY, KYLE TIMOTHY. Investigations of Partially Premixed Jet Flames in Co-flow 

air in the presence of Electric Fields. (Under the direction of Dr. Kevin Lyons.) 

 

Understanding the impact electric fields have on improving flame stability is the main 

focus of this investigation. Partially premixed propane issuing from a small nozzle with co-

flow air was first investigated in order to obtain appropriate background data to compare with 

results when fields are applied. Results indicate that for this setup, 3 distinct flame regions 

can be produced without the applied electric field for varying fuel flow and co-flow 

velocities. The first is a region of nozzle attached flames, in which flames remain attached 

completely to the issuing nozzle in the presence of co-flow. The second is an area of lifted 

stable flames. Here the flames are lifted above the nozzle, but remain stable and do not 

blowout in the presence of co-flow. The third and final region is an area where no flame 

exists and the flames are immediately blowout by the excess co-flow velocity. In order to 

investigate the impact of fields, an electric potential was applied to an electrode placed 1 inch 

directly above the grounded issuing nozzle. Starting with a lifted flame, the potential was 

increased until the flame responded. The configuration was chosen such that the response of 

the flame was to move downstream toward the nozzle. The potential was increased until the 

flame moved completely back downstream, and reattached to the nozzle. The experiment was 

then repeated in an attempt to produce a lifted flame. Results show that a lifted flame was 

never produced, and instead moved instantaneously from a state of reattachment to blowout. 

The co-flow velocities achieved at blowout for the electric field case are substantially higher 

than those with no electric field. In one instance, the co-flow required to blowout the flame in 

the presence of an electric field was 153% higher than that for no electric field. This would 



 

 

indicate that an applied electric field can be used to increase the stability of a flame in the 

presence of co-flow. 
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CHAPTER 1 - Introduction 

 The study of flames and the corresponding physics has captivated man since he first 

discovered combustion millennia ago. In more recent years the study of flames has grown 

rapidly to include an expanded interest into the effects that electric potentials have on the 

flame. In the late 1800’s Chattock was able to show that a sharp discharging electrode 

produces a force that acts on a plate of dissimilar charge nearby. This force was called “ionic 

wind” due to the nature of the moving ions it produced. This ionic wind was shown to create 

a flow from one electrode to the other and move air molecules that surrounded the 

discharging electrode by momentum transfer and due to the ionizing effects the electrode has 

on the local molecules [1].  Using this concept of ionic wind, Bowser and Weinberg were 

able to show that for a sooting flame, the soot particles can be manipulated in the presence of 

a large potential difference. Not only could the fully formed particles be manipulated, but the 

transitional period in which the soot particles are forming and/or be consumed by the flame 

were shown to be affected [2].  

 In order to fully understand the complex nature of a flame, different components of 

the flame structure including the lift off heights, triple flame structure, and blowout/liftoff 

velocities need to be understood. The current experimental setup produces lifted flames in the 

presence of co-flow. These flames exhibit areas of premixed lean, rich, and non-premixed 

combustion [3]. Flame stabilization has been extensively investigated by Chung [4]. This 

study sought to investigate flame properties for tribrachial flames and offers detailed 

understanding of the various effects these flames have on liftoff heights with and without co-
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flow. Results indicated that the liftoff height, reattachment and blowout are functions of the 

jet velocity, nozzle diameter, mixing, and any present dilution [4].  

 The particular setup used in this dissertation involved the use of co-flow air and a 

non-premixed fuel. It is important to understand how presence of co-flow will impact the 

flow. There have been many studies performed investigating the stability of a diffusion flame 

with and without co-flow air. Kalghatgi studied the stability, lift off heights, and the lengths 

of turbulent flames with and without co-flow. In the case of still air, Kalghatgi was able to 

produce a stability limit for jet diffusion flames. It suggests that there exists for a particular 

gas, a critical burner diameter past which stable flames can exist at any flow rate [5]. 

Kalghatgi then added co-flow to the setup to investigate the impact it would have on the 

flame. It was shown that there is a co-flow velocity above which a stable flame is not 

possible. However, lifted stable flames can be produced between an upper and lower blowout 

limit; indicating that a stable lifted flame can be produced at velocities higher than those in 

still air [6]. Kalghatgi was able to show that with no co-flow the lift off heights and flame 

lengths vary linearly with the jet velocity and are independent of the burner diameter. The 

conclusions drawn seem to indicate that for choked flow, the burner can be approximated as 

a converging-diverging nozzle [7]. 

 More recently these co-flow effects have been studied by Terry and Lyons for low 

Reynolds numbers flames in high co-flows. Results indicate that the linear relationships 

developed by Kalghatgi are quite adequate for nozzle velocities above liftoff velocities. Terry 

and Lyons were also able to show that there is a minimum co-flow velocity required to 
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maintain a lifted flame, below which the flame will immediately move upstream and reattach 

[8]. Many of these results have been summarized extensively by Lyons in his review of 

experiments in flame stability [9]. Leung and Wierzba tested the effects of co-flow velocity 

on jet flame stability with non-premixed flames. The results showed that there are 2 different 

extinction limits for a range of co-flow velocities depending on whether the flame was lifted 

of attached at ignition. For lifted flames, the blowout velocity decreases linearly with 

increasing jet velocity [10].  

 It is easily seen that the study of flame stability with and without co-flow has been 

extensively studied, and is quite well understood. Understanding the effects high potential 

electric fields have on similar types of combustion systems is the topic of this dissertation. 

Robins offers a review of the study of ionic wind and its effects in the 18
th

 and 19
th

 centuries 

[11]. Robins suggests that this ionic wind has practical applications as a means to drive fluid 

in pumps, high-voltage generators, speakers, thermoelectric converters, and many other 

devices [11]. Chattock suggests that an ionizing plasma region is formed around the charged 

electrode. This ionizing plasma acts to charge other nearby molecules to a like charge [1]. 

When the electrode is near to an oppositely charged electrode, these charged molecules 

create a bulk motion towards the favorable electrode. This motion has been described by 

Rickard et al. and Carleton and Weinberg [12-13]. 

  Chung et al. have studied the effects AC and DC electric fields have on a single 

electrode setup using non premixed propane in co-flow. Through their use of AC fields, the 

flame stability limits were increased in the presence of higher co-flow velocities. 
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Interestingly with the one electrode setup, the application of a DC field seemed to have a 

minimal effect of the flame [14].    

 More recently, Kribs et al. studied the stabilization of a non-premixed propane flame 

in the presence of a high potential electric field. The current used for this setup was DC. 

Using a similarly sized nozzle, and no co-flow, Kribs et al. were able to show that there is an 

increase in flame stability in one particular configuration of the applied flied, and that the 

electromagnetic effects of the ionic wind were the dominant effects on the flame. The results 

indicate that with a positively charged electrode downstream of a grounded nozzle, the flame 

stability can be increased. On the other hand, a negatively charged electrode seemed to 

decrease the flame stability [15]. 

 The purpose of this study is to utilize the general setup from of Kribs et al. and apply 

co-flow air to the burner. Results from Kribs et al. showed that there was only one 

configuration of the electrode that increased flame stability [15]. As a result, this study is 

limited to the case of increased stability and a configuration in which the electrode is charged 

and the nozzle is grounded. The chemical, thermal, and ionization influences were also 

studied by Kribs et al.. and it was found that the ionization effects are the dominant forces 

[15]. As a result the effects of chemical and thermal influences have not been studied in this 

experiment.     
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CHAPTER 2 – Experimental Setup 

Experiments conducted for this thesis were done in the NCSU Reacting Flows and 

Turbulent Jets Laboratory in the Department of Mechanical and Aerospace Engineering on 

Centennial Campus. The experimental setup for experimentation can be found in Figure 1 

below. 

 

Figure 1. Experimental Setup 

Figure 1 shows the two major components of the experimental setup. On the left is 

the control cabinet. This device allowed for the application of a high potential electric field 

and a way to monitor the applied voltage and current draw. The power supply used was an 

Acopian Positive High Voltage Power Supply (PO30HP2). Using this power supply allowed 

for fine adjustment of the applied electric field while permitting the current draw to vary 

freely. A more detailed view of the control cabinet and its components can be found in 

Figure 2 and a detailed list of the enclosed devices in Table 1. 
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Figure 2. Control Cabinet Detailed View 

 Figure 2 consists of 3 major components labeled “1,” “2,” and “3.” Component 1 is 

the Acopian Positive High Voltage Power Supply. Components 2 and 3 or identical Agilient 

Technologies U3401A multimeters. The left most multimeter, labeled “2,” was used to 

monitor the applied voltage where 1 mV DC = 1 V DC. This was checked against the output 

screen on the power supply to ensure the voltage applied matched the voltage being 

monitored by the multimeter. The right most multimeter was used to monitor the current 

draw, which was allowed to vary freely during testing. For a more detailed listing of the 

devices and indicators in Figure 2, refer to Table 1 below. 
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Table 1. Control Cabinet device callout 

Label Device 
1 Power Supply 
2 Voltage Monitor Multimeter (1mV=1V) 
3 Current Monitor Multimeter 
4 Control Power Indicator 
5 Main Power Switch 
6 Main Power "ON" indicator 
7 Power Supply Switch 
8 Power Supply "ON" Indicator 
9 Output Switch 
10 Output "ON" Indicator 
11 E-Field Monitor 
12 Current Monitor 
13 Signal Ground 
14 Output Voltage Adjustment Knob 
15 Output Current Adjustment Knob 

 

Next to the control cabinet in Figure 1 is the experimental apparatus. A detailed view 

of the experimental apparatus can be found in Figures 3 and 4. The apparatus consisted of a 

rectangular base through which a series of PVC fittings have been configured. Shown in 

Figure 3 is the fuel supply line attached to a central fuel nozzle. This nozzle is made from 

stainless steel, and extends from the bottom of the apparatus where the cathode is attached, 

through the center of the PVC fittings, ending in line with the grey schedule 80. The co-flow 

line is plumbed through the side of the PVC and allowed to expand through the inner 

diameter of the schedule 80 PVC. The inner diameter of the fuel nozzle is 0.81 mm with an 

outer diameter of 1.57 mm. The co-flow diameter is 48.3 mm. Below the end of the nozzle 



8 

 

 

 

 

and the co flow exit are flow laminarization pellets. These pellets are 75.6 mm below the 

nozzle and are 6 mm in diameter.  

 

Figure 3 Apparatus Detail View 1 

Above the exit of the nozzle and co flow is the electrode. The electrode is constructed of 

delrin and has a 10 AWG solid copper wire embedded within. This copper wire is used to 

charge one needle electrode that is positioned 25.4 mm directly above the nozzle exit. The 

anode is directly attached to the 10 AWG copper wire.  
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Figure 4 Apparatus Detail View 2 

The fuel used was propane (CP Grade, 99.0% Pure) issuing through the stainless steel nozzle. 

Fuel flows were monitored using an Omega FMA-A2309 flow meter. Flow was controlled 

using a needle valve. Co-flow air was supplied by shop air and monitored using an Omega 

FMA-A2323 flow meter. Co-flow was controlled using a needle valve. Images and still were 

captured using a Panasonic PV-GS300 digital camcorder.   
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CHAPTER 3 – Results and Discussion 

 In order to have a means of comparison, background data was first acquired for the 

experimental setup. This involved gathering data on the simple case of the flow with no 

electric potential, but with the electrode present. The co-flow velocities required to produce a 

lifted flame was the first parameter obtained for this setup. This involved setting the fuel flow 

and slowly increasing the co-flow until a lifted, but stable, flame was obtained. This data was 

then plotted against the fuel flow velocities to produce the curve seen in figure 5 below. 

 

Figure 5: Co-Flow vs. Fuel Flow Velocities with no electric Potential 
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 Analyzing figure 5 reveals a linear trend for the co-flow required to produce a lifted 

stable flame. This trend is represented by the linear fitted curve in equation 1 below. 

(𝐶𝑜 − 𝐹𝑙𝑜𝑤 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦) =  −0.005 ∗ (𝐹𝑢𝑒𝑙 𝐹𝑙𝑜𝑤 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦) + 0.4899 𝑚 𝑠⁄                       (1) 

It can be seen that the coefficient of confidence for this equation is .9917 which indicates that 

this linear fit is a good approximation of the data obtained. This curve also represents a 

physical change boundary for the flow, in that any point below the line represents a nozzle 

attached flame and points above this line produce a lifted flame. The lift off heights for these 

cases can be found in figure 6  

 

Figure 6: Lift Off Heights with no Electric Potential for each fuel velocity 

J K H I 

A B C D E F 

G L 



12 

 

 

 

 

From figure 6, starting with A and advancing to L represents an increase in fuel flow and the 

required co-flow velocity to produce a lifted flame. Notice that for frame A-D the height 

increase to a maximum at D, then appears to remain constant. From E onward to L the lift off 

height is that of the electrode, 25.4mm. Each of these flames appear to anchor itself to the 

protruding electrode. The electrode acts as a bluff body for flow recirculation which acts to 

stabilize the flame at higher fuel flow and co-flow velocities [16]. It is important to note that 

this height is constant for E-L as it will become relevant later in the experiment.    

The next important flame characteristic investigated was the co-flow required to 

blowout the flame. This was obtained by first producing a lifted flame using the data 

acquired by the previous testing as represented in figure 5. The co-flow velocity was then 

increased slowly until flame blowout occurred. This data was recorded and plotted against 

the fuel flow velocities and co-plotted with the lifted flame data from figure 5. The results 

can be seen in figure 7. Like the trend for the lift off velocity the blowout velocities appear to 

follow a linear curve represented by equation 2. 

𝐵𝑙𝑜𝑤𝑜𝑢𝑡 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 =  −0.003 ∗ (𝐹𝑢𝑒𝑙 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒) + 0.5394 𝑚 𝑠⁄                                    (2) 

The coefficient of confidence for this equation is 0.9448 which indicates that his linear fit is a 

good representation of the data obtained. These linear fits are in agreement with the results 

seen by Lyons [8]. Like the curve for the lift off height, this curve also represents a physical 

change boundary for the flame. Bounded between the lift off curve and the blow out curve is 

a region that produces a lifted stable flame. These flames can be visualized in figure 6. Any 
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point above the blow out curve represents a flame that has blown out and is not stabilized by 

the experimental setup.  

 

Figure 7: Lift off and Blowout Velocities with no Electric Potential 
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represents a region where the flames are lifted but stabilized above the nozzle. The last 

region above the blowout line is an area where no flame exists. 

 

Figure 8: Flame Regions with no Electric Potential 
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With the base line data acquired, testing proceeded to the next phase which was to implement 

the use of an applied electric potential between the nozzle and the electrode above the nozzle 

exit.  

 Kribs et al. established that for this setup there is one polarity that acts to anchor, or 

move the flame closer to the nozzle [15]. In contrast the reverse polarity acts to destabilize 

and push the flame further away. The scope of this experiment is to investigate how to 

enhance the flame stability using applied fields. As such, the setup has been limited to that in 

which the polarity applied will act to move the flame closer to the nozzle. That is, a 

positively charged electrode and a grounded nozzle. With this polarity established, 

investigations began by first producing a lifted flame following the curves and information 

acquired in the first phase of research shown in figure 5. With the lifted flame established, 

the electric potential was increased slowly using the control knob on the Acopian Positive 

High Voltage Power Supply, while allowing the current to vary freely. The voltage was 

increased until the flame responded and moved downward toward the nozzle, against the 

flow. It was observed that the flame would dip slightly below the established lift off height 

while the potential was increased, but rebounded quickly to the average lift off height before 

finally moving downward and attaching completely to the nozzle. This was established by 

videos of the flame motion. At each point the voltage required to reattach the flame to the 

nozzle was recorded. This voltage will be known as the reattachment voltage. The 

reattachment voltage has been plotted against the fuel flow velocity at each point and can be 

found in figure 9.  
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 Analyzing figure 9 reveals several details about the flow. It can be seen that the 

reattachment voltage increases rapidly for the first several points, reaches a maximum of 

approximately 6000 volts, then appears to decrease and stabilize at approximately 5000 volts.     

 

Figure 9: Required Attachment Voltage for each Fuel Flow Velocity 
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indicate that the required reattachment voltage is a function of the position of the flame 

relative to the electrode and the nozzle exit. Images of the flames at each velocity after 

reattachment can be found in figure 10. 

 

Figure 10: Flame Progression at different Fuel Velocities after reattachment 

Each frame, A-K, in figure 10 represents a different fuel velocity and reattachment voltage. 

Like figure 6, the flames appear to grow with increased fuel velocity. In each frame there is 

sufficient co-flow present to produce a lifted flame similar to those present in figure 6. 

However, due to the added electric potential these flames seem to remain attached to the 
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nozzle. The chemiluminescence is also quite different for these flames than it is for the 

flames in figure 6. The chemiluminescence seen here is similar to that of the flames produced 

at the same jet velocities but with no co-flow, seen when conducting the initial 

experimentation done for this setup.  

 With the reattachment voltage determined, investigations preceded to the new lift off 

and blowout velocities. A nozzle attached flame was established using the required 

attachment voltage determined previously and presented in figure 9. The co-flow velocity 

was then increased in a manner similar to that used to determine the lift off velocity 

previously. Unlike previous testing without the electric field, in the presence of an electric 

potential the flame never lifted from the nozzle and remained attached. Instead the flame 

remained attached to the nozzle until the co-flow added was sufficient enough to lift and 

blowout the flame. The co-flow velocities were recorded for each fuel velocity and 

reattachment voltage pair. This new blowout velocity was co-plotted on figure 7 to produce 

the curves found in figure 11. The new curve, represented by the green triangles is the co-

flow velocity required to blowout the nozzle attached flames. It can easily be seen that the 

new blowout velocities are much higher than those for a flame with no electric potential 

added. Each of these flames remained attached to the nozzle for the length of the testing, 

resembling the flames pictured in figure 10. It was only when sufficient co-flow that these 

flames were extinguished. These flames never lifted from the nozzle and blew out in an 

instant. There was never a point where the flame was lifted above the nozzle at any co-flow 

velocities. Like before this new curve (green triangles in figure 11) represents a physical 
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change boundary for the flame. Below the curve the flames remain attached to the nozzle. 

Above the curve the flame does not exist and has been blown out by sufficient co-flow. This 

can be seen in figure 12 below. 

 

Figure 11: New Blowout Velocity with applied Electric Field 
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Figure 12: Area of Nozzle Attached Flame in the presence of an Electric Potential 

When compared with figure 8, figure 12 reveals the extent to which the applied 

electric field has affected the flame. This impact on the flame has been seen in many 

previous studies [14, 15, 17, and 18]. Before, with no electric field, the area of an attached 
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nozzle flame was quite small, existing only in the region highlighted in blue. However, when 

the electric potential is added, this area increases quite dramatically. This improvement has 

been tabulated for the blowout velocities and is presented in table 2 below. Table 2 shows the 

percent improvement (i.e. increase) in blowout velocity over the no electric field potential 

case. Beyond the first point tested, the improvement is quite large, going as high as 153% 

higher co-flow velocity at blowout. 

  
Table 2 Blowout Velocities with and without applied Electric Field 

Voltage(V) No Efield (M/S) Efield (M/S) % Improvement 
200 0.486 0.475 -2% 
1288 0.422 0.858 104% 
2186 0.458 1.072 134% 
6000 0.443 1.017 130% 
5400 0.407 0.927 128% 
4900 0.384 0.878 129% 
5150 0.372 0.814 119% 
5000 0.365 0.765 110% 
4800 0.337 0.730 117% 
5050 0.323 0.632 96% 
5100 0.280 0.647 131% 
4100 0.255 0.644 153% 

  

When analyzing the flow data it is important to try and understand the forces acting 

on the flame. Kribs et al. were able to show the 3 major influences on the flame were 

chemical, thermal, and finally ionization influences via an applied electric field. It was 

determined that the major contributor to the bulk motion of the flow was the influences 
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provided by the applied electric potential [15]. In order to better understand the different 

body forces acting on the flame a force diagram has been illustrated in figure 13 below. 

There are 2 major body forces acting on the flame due to the presence of the electric 

potential, along with forces due to the motion of the flow. One force is the attraction of ionic 

species within the products of combustion. 
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Figure 13: Body Forces acting on the Flame in the Presence of an applied electric Potential 

These products of combustion can vary in polarity and thus their attraction can be either 

towards or away from the electrode. The next substantial force acting on the flow is the body 
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flame away from the nozzle [6]. Kribs et al. were able to show that in a positive 

configuration the applied electric field produces an ionic wind that pushes the flow 

downward. This resulting body force opposes the co-flow/jet forces and acts toward the 

nozzle exit [15]. It can be easily seen from the data that the force due to the ionic wind is the 

dominate force acting on the body. In the presence of the electric field it required in one case 

153% more co-flow in order to destabilize and blowout the flame. This indicates that the 

body force due to the ionic wind is larger than the combined forces of the co-flow and jet 

velocities.    
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CHAPTER 4 – Future Work 

There is still much more research needed in this area of combustion in order to fully 

understand the complex nature that electric potential has on combustion stability. One major 

area of concern, for this particular experimental setup, is the position of the electrode relative 

to the nozzle exit. In this case, the electrode is perpendicular to the nozzle and positioned 1 

inch above the exit. Throughout the study, the position was never moved or changed. 

However, Chattock noticed that by changing the position of the electrode relative to the 

oppositely charged plate that the resulting forces changed [1]. It was observed that a sharp 

electrode pointing downward toward the plate produced better results [1]. For future studies, 

the position of the electrode should be moved both closer and further away, and its 

orientation with respect to the nozzle changed for each of these cases. It would be interesting 

to study how an electrode with a sharp 90º bend downward toward the nozzle would affect 

combustion.  

It was also noticed that after particularly long periods of experimentation, there would 

be a small buildup of soot on the end of the needle electrode. It is unclear how exactly this 

sooting affected the flame, and it would be interesting to study this particular observation. A 

similar sooting was seen in Kribs et al. when the electric potential was added to a candle 

flame [15]. The sooting effects from the electric potential were beyond the scope of this 

study, but are of interest to future work.  

The scope of this study was to investigate the effects DC fields have on improving 

flame stability. This, of course, means that alternating currents have not been studied and 
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their effects on the flame for this experimental setup are unknown. As previously stated 

Chung used AC currents to improve the stability of flames with a charged nozzle single 

electrode [14]. More recently Duan et al. studied how low-frequency AC field impact 

premixed combustion. Their results indicate that the AC field cab enhance the lean 

combustion [19]. It was also observed that the ionic wind effect decreases with the electric 

field frequency, and increases with applied voltage [19]. AC would provide a new and 

expansive field of study for this experimental setup. 

The fuel used for this experiment was lab quality undiluted propane. However, often 

it is of interest to study how a diluent will impact the combustion process. Often these 

diluents are non-reactive gases such as nitrogen. Karnani and Dunn-Rankin studied how DC 

fields affect non-premixed flames that were also diluted with nitrogen [20]. For this setup the 

addition of a diluent would be quite easily implemented as the lab currently has access to 

nitrogen for such testing. This addition of nitrogen to the fuel could also be studied in 

combination with any of the other future avenues offered here.       

Flow visualization techniques, such as PIV, offer unique views of the complex nature 

of the combustion process. For this study, images were captured using a digital camcorder. 

Camcorders offer great incite to the flame structure at an instant. When combined with 

seeding particles and lasers, detailed views of the flow characteristics can be visualized. This 

is evident in the study conducted by Chung on the bidirectional ionic wind in counterflow 

flames [21]. In this study, Chung used PIV to seed and visualize how the ionic wind impact 

charged particles in the flow. He was able to show that there exists ionic wind that blows the 
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flame toward both the cathode and the anode. These observations were only made possible 

through the use of these flow visualization techniques. It is uncertain what could be revealed 

in such techniques were implemented for this particular experimental setup and is an area of 

great interest for future work.   

There are also several other important aspects of the setup that could be changed or 

altered to study the impact on combustion. Changing the size of the nozzle for both the fuel 

and the co-flow would be areas to investigate. Each result was tested at the reattachment 

voltage, adjusting this voltage, once an attached flame is produced, would reveal any 

hysteresis in the voltage required and the corresponding blowout velocities. Changing the 

fuel type and diluent types could also produce different results that would be of interest. 

Finally, adding electric fields to a practical device is an important goal worth note. 

Understand how the electric fields can improve/impact combustion within a practical device 

is an area the author of this study is greatly interested in for future work.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



28 

 

 

 

 

CHAPTER 5 – Conclusions 

The study of flames and their characteristics have been extensively studied in the past. 

More recently, the study of flames and their responses to high potential electric fields has 

gained interest amongst scientists and engineers in order to fully understand the complex 

nature of these interactions. It has been shown that flames can be manipulated quite readily in 

the presence of electric fields. This study sought to analyze the affects DC electric potentials 

have on partially premixed propane flames in the presence of co-flow air. The conclusions 

drawn are as follows: 

a) For this particular setup, there is a linear trend associated with the co-flow and the 

fuel flow velocities at lift off with no electric potential. That is, with increased fuel 

velocity, less co-flow velocity is needed to lift that particular flame, this trend follows 

a predictable linear curve. 

b) Similar to the lift off velocity, the co-flow velocity required to blowout these 

particular flames follows another linear curve with no electric potential. Like the lift 

off velocity, the blowout velocity required is lessoned by the presence of a larger fuel 

velocity. This trend is also predictable and follows a linear curve. 

c)  A lifted flame in the presence of co-flow air can be made to reattach to the nozzle by 

increasing the electric potential between a protruding electrode and the grounded 

nozzle exit. The trend produced seems to vary directly with the height of the flame 

above the nozzle and the relative position of the electrode with respect to the nozzle 
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exit and flame. The resulting flame is attached to the nozzle at co-flow velocities that 

would otherwise produce a lifted flame. 

d) In the presence of the electric potential, the flame remains attached at velocities that 

would otherwise produce a lifted flame, or blowout the flame. Increasing the co-flow 

revealed that a lifted flame was never achieved, and instead, the flame transitions 

directly from attached to blowout instantaneously. The new blowout velocities are 

much higher than those with no electric potential applied. This acts to greatly increase 

the range in which a nozzle attached flame can be produced and maintained.  

e) The applied electric potential produces an Ionic wind that produces a body force 

which is greater in magnitude than the forces produced from the co-flow air and jet 

velocities. This force acts to stabilize the flame at much higher velocities than the 

flame would exist at without the presence of the electric potential. 

There is still further research needed in this area of interest and with this particular 

experimental setup. The effects the electric potential have on products of combustion have 

not been studied and would be of great interest in fully understanding the influence it has on 

the flame. The position of the electrode with respect to the nozzle exit also appears to play a 

significant role in the results of the experiment. 
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