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Abstract: Flame interaction is a phenomenon that occurs in a number of combustion devices and 

can change both the time-averaged shape and dynamical behavior of flames. In this study, we 

investigate the impact of flame spacing and bulk flow velocity on the time-averaged characteristics 

of three, two-dimensional, bluff-body stabilized V-flames. Velocity fields and flame edges are 

extracted from particle image velocimetry (PIV) data to quantify the differences in behavior of these 

flames at three flame spacings and two bulk flow velocities with Reynolds numbers of 4000 and 

8000 based on bluff-body diameter. Higher bulk flow velocities cause the flame intersection point 

to move downstream. Increasing the bluff-body spacing also moves the intersection point farther 

downstream.  Reducing bluff-body spacing causes the recirculation zone behind the bluff-bodies to 

significantly diminish and reduces flame brush growth. Discussion of the impact of these geometric 

and flow parameters is discussed and plans for future work are provided. 

Keywords: Flame interaction, turbulent flames, flame brush 

 

1. Introduction 
 

Flame interaction is an important consideration in a number of power generation, propulsion, 

and industrial combustion technologies. The interaction of adjacent flames and the flow fields that 

support them has been shown to change time-averaged flame shape, flame static stability, and 

flame dynamic stability. In this study, the impact of flame spacing and mean flow velocity is 

investigated on three interacting “V-flames,” or two-dimensional flames stabilized by bluff-bodies 

in a uniform approach flow. The goal of this work is to understand fundamental flame and flow 

interaction processes in a two-dimensional flow field before investigating these phenomena in 

more complicated, three-dimensional flows, e.g. swirling flows. In adjacent flames, there are two 

types of interactions that can take place: flow interactions and flame interactions. Both these 

interaction mechanisms are discussed here. 

1.1 Flow interactions 

Studies of interacting jets, both plane jets and round jets, have shown that jet interaction can 

lead to a significant change in the jet structure, jet turbulence development, and jet instability 

characteristics [1-7]. Interacting jets fall into two categories: unventilated jets, where a surface (or 

“dump plane” in combustor terminology) is placed between the jet exits, and ventilated jets, where 

there is no surface between jets and air is free to flow between the two nozzles. The configuration 

in this study looks very much like a series of unventilated jets, where the bluff-bodies act as the 

dump plane between inlets, as illustrated in Figure 1. 
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Figure 1. Diagram of an unventilated jet (or bluff-body) configuration, showing regions of 

convergence between the jets. 

Interacting jets are typically divided into three regions: the converging region, where the core 

flows and shear layers are separated by a recirculation zone, the merging region, where the shear 

layers begin to interact, and the combined region, where the jets are indistinguishable. The majority 

of jet interaction studies investigated plane jets, where the mean-flow development is two-

dimensional. The downstream growth of the jets is different in the unventilated and ventilated 

cases, where unventilated jets first converge before spreading [6], whereas ventilated jets 

continually spread with downstream distance.  In this study, understanding from the unventilated 

plane jet literature is applied to the multiple bluff-body case in order to better understand the flow 

field in the current experiment. 

The converging region of plane jets shows significantly different characteristics from the initial 

development of a single jet in terms of the time-averaged flow trajectory and turbulence levels. 

This also implies that the development of the interacting shear layer and the non-interacting shear 

layer can be influenced by the interaction. Reported data about the turbulence levels in the 

converging and merging regions of the flow indicate that the profiles in these regions are non-self-

similar and can differ significantly from single jets. The turbulent stress profiles from Miller and 

Comings [4] show the uneven development of the interacting and non-interacting shear layers.  

Further results from Lin and Sheu [7] in a similar unventilated configuration indicate that the 

lateral turbulent stress is significantly greater in the merging region than in a single jet, as is the 

Reynolds stress. The enhanced Reynolds stress means that the transport of turbulent fluctuations 

laterally across the jet is enhanced in the merging region. This may help explain the impact that 

fluctuations in the interacting shear layer can have on the non-interacting shear layer development, 

or the enhanced turbulence levels in the combined region.  

The flow profile of the combined region looks very similar to that of a single jet, and indeed, 

a number of studies show that not only is the profile quantitatively similar to that of a single jet, 

but also the time-averaged profile has the same similarity solution as that of a single jet [4, 7, 8].  

However, the turbulence in this region was found to be significantly different to that of a single 

jet.  Results from Lin and Sheu [7], Yuu et al. [3], and Tanaka [5] show that the intensity of the 

axial velocity fluctuations is up to 50% greater than that of the single jet and does not follow a 

similarity profile in both ventilated and unventilated jets. Limited data shows the impact of jet 

spacing on the downstream development of interacting jets. Tanaka [8] showed that the 

development of the unventilated interacting jets bifurcated as a function of the jet separation 
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normalized by the jet width. However, this result may not be universal and is likely not the same 

in ventilated jets because of the lack of a central recirculation region. 

The downstream development of interacting flows as compared to a single flow has important 

implications for understanding the behavior of flames stabilized in these flow fields. It is clear 

from the literature that the development of interacting flows is fundamentally different than that 

of single flows in terms of the mean velocity profiles and turbulence development. These 

differences are significant enough expect that flame development in interacting flows may also be 

canonically different than that in a single flow.   

1.2 Flame interactions 

Interaction of adjacent flame fronts can lead to a number of important changes to flame 

behavior. These changes in flame behavior can be investigated on a number of scales, including 

“local” scales where flame interactions impact the local flame structure (e.g. wrinkling) and 

propagation characteristics, or “global” scales where flame interaction can change flame 

characteristics like global heat release rate fluctuation or flame shape. Interactions on both the 

local and global level influence flame behavior in practical combustion devices, and investigations 

into the large-scale interactions of flames in these devices have provided critical information about 

the structure and propagation of interacting flames. A small number of studies have focused on the 

interaction of two-dimensional V-flames, mostly for the purposes of understanding the impact of 

flame interaction and mixing on thermoacoustic combustion instability [9-13]. An experiment by 

Worth and Dawson [14, 15] using two axisymmetric bluff-body stabilized flames showed that as 

the flames were brought closer together, a thickened flame brush developed in the region between 

them, indicative of increased levels of turbulence. Furthermore, as the distance between flames 

was decreased, the flame merging locations moved upstream. The same authors also studied the 

effect of spacing between adjacent swirl-stabilized flames in a model annular combustor [16-18]. 

These studies showed a dramatic effect of the separation distance on the flame structure. As the 

separation distance was reduced, a complex, three-dimensional flame structure resulted from large 

scale merging of adjacent flames. The highest heat release rate occurred in regions where flame 

merging took place.  In addition, research on the flame structure of interacting swirl-stabilized 

flames in can combustors has been conducted by Samarasinghe et al. [19] and Liu et al. [20], and 

these studies showed that interacting swirling flows and flames generate regions of intense 

turbulence and enhanced heat release rate.  

While the results discussed in the previous paragraph provide important foundational 

understanding of the dynamics of interacting flames, these studies were performed in relatively 

complex combustor configurations and as a result, the time-varying flame structure is potentially 

highly three-dimensional in nature. This study attempts to gain a more fundamental understanding 

of flame interaction in two ways. First, long, two-dimensional bluff-bodies are used to stabilize 

the flames, resulting in a highly two-dimensional flow field and nominally two-dimensional flame 

behavior. This reduces the complexity of the geometry, and also allows planar diagnostics to be 

used to capture the flame and flow dynamics. Second, the current configuration uses three flames, 

where the center flame is interrogated. This produces a symmetric boundary condition on either 

side of the flame and allows for investigation of flame interaction effects in both the left and right 

flame branches. 

The remainder of this paper is organized as follows. First, an overview of the experimental 

setup, the diagnostics used, and the data analysis techniques implemented are presented. Next, an 

overview of the testing conditions is presented, followed by results and discussion of the data. 

Finally, the paper concludes with discussion of implications of this work and future efforts. 
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2. Experimental Overview 
 

2.1 Experimental Setup 

All measurements were obtained in a 12 inch by 4 inch rectangular combustor with three 

triangular prismatic bluff-bodies; a schematic of the test facility is shown in Figure 2a. The system 

is operated using a fully premixed mixture of air and natural gas. Two, 4 inch thick, 1/8” cell 

diameter plastic honeycombs are used to ensure uniform flow at the exit of the experiment. A metal 

perforated plate located 6 inches below the exit of the experiment acts as a flame arrestor to protect 

the honeycomb and improve the exit flow uniformity. Three 0.75 inch wide prismatic triangular 

bluff-bodies at the exit of the experiment are used for flame stabilization. The triangular bluff-

body shape ensures that the flow field and flame structure are highly two-dimensional, thus 

enabling the use of planar diagnostics to capture flame and flow dynamics. Each bluff-body can 

be independently moved to achieve varying degrees of flame interaction. A line-of-sight flame 

luminescence image obtained by averaging 8000 frames captured with the high-speed camera is 

shown in Figure 2b. 

 
 

(a)  
 

(b) 
 

Figure 2. (a) Schematic of experimental setup (red arrow shows flow direction) and,                 

(b) illustration of bluff-bodies with line-of-sight flame luminescence image. 

2.2 Diagnostics 

A high-speed, planar particle image velocimetry (PIV) measurement technique was used to 

collect two dimensional velocity data. The system consists of a high speed camera (Photron 

Fastcam SA 5.5 fitted with a Nikon 50 mm lens), a high speed laser (Quantronix Hawk-Duo 532 

nm Nd:YAG dual cavity laser), a particle seeder (flow was seeded with micron-sized aluminum 

oxide seeding particles), and a PIV capture and analysis computer. The PIV calculations were 

performed using DaVis 8.0 from LaVision. At each condition, 8001 images were obtained using a 

data acquisition rate of 2 kHz.  The images were preprocessed using a sliding “subtract minimum” 

filter 5 frames long then processed into 8000 velocity fields. Each velocity field consists of 16384 

vectors, 128 in the downstream and 128 in the cross-stream directions, with a spatial resolution of 

2.3 mm. The vectors were calculated using a three-point Gaussian fit and a three-pass calculation; 

the first pass at an interrogation window size of 64x64 and the second two passes with a size of 

16x16 and 50% overlap. During post-processing, vectors were rejected using the DaVis universal 

outlier detection scheme with a 3x median filter. The universal outlier detector scheme removed 

groups that had less than 5 vectors, vectors that had a residual greater than 2, and reinserted vectors 



114TF-0239  Turbulent Flames 

 

 

 

5 

whose residual was less than 3. Finally, the rejected vectors were replaced with interpolated values; 

on average, 16% of the vectors were removed and replaced. The velocity fields obtained from 

DaVis are used to obtain time-averaged contour plots, velocity profiles, and turbulence intensities 

at all locations in the flow field. In addition to the PIV diagnostics, the bulk volume flow rates of 

the air and fuel were measured with Thermal Instrument Model 600-9/9500P digital flow meters. 

Two thermocouples were used to monitor the exhaust temperatures of the experiment. 

 

2.3 Data Analysis Methods 

Raw PIV images (Figure 3a) are processed in MATLAB in order to identify the flame edges; 

the flame is defined as the region between the densely seeded reactants and the sparsely seeded 

products. First, each PIV particle image is median filtered and cropped in order to only examine 

the left and right flame ‘branches’ on either side of the center bluff-body (Figure 3b). In order to 

define the flame edge, each cropped image is binarized and then separated into left and right flame 

branches. A built-in function, bwboundaries, is used to trace the instantaneous flame edge of each 

flame branch; an example is shown in Figure 3c. The point of intersection between the right and 

left flame of each branch is also extracted from the flame edge.  This point is defined as the point 

on the flame edge that is farthest from the inlet (white point in Figure 3c). 

 
(a) Raw image with 

cropping window 

 
(b) Cropped and median 

filtered 
 

 
(c) Binarized and edge 

traced 

Figure 3. Intermediate results from image processing (flow is from bottom to top). 

A progress variable (𝑐̅) is obtained by averaging 8000 binarized images. In all progress variable 

contours in this paper (Figure 10), 𝑐̅ = 0 denotes reactants, 𝑐̅ = 1 denotes products, and the 

contour of  𝑐̅ = 0.5 (highlighted in black) represents the mean flame position. 

3. Results and Discussion 
 

3.1 Test Matrix Overview 

We present data at two Reynolds numbers and three bluff-body spacings; the test matrix is 

provided in Table 1. To quantify the inlet turbulence intensity, velocity RMS data was extracted 

from half a bluff-body diameter downstream of the inlet. This offset was chosen to ensure the 

interrogation windows used for the velocity measurements were away from any laser reflections 

from the bluff-bodies. At this downstream location, the inlet region was defined as the potential 

core region from the velocity profiles. Figure 4 shows a representative velocity profile across the 

top of the experiment. The black circles represent the locations where the velocity RMS was 
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extracted and averaged; the vertical black dashed lines represent the locations of the center of each 

bluff-body. 

 
Figure 4. Representative inlet velocity profile with inlet points circled in black. 

Table 1. Test conditions for variations in flame spacing and flow velocity. 
 

Bluff-Body 

Spacing 

Bulk Flow 

Velocity 

Equivalence 

Ratio 

Inlet Turbulence 

Level (%) 

Bluff-Body 

Reynolds Number 

52 mm 3.26 m/s 0.80 8.0 4000 

42 mm 3.27 m/s 0.81 6.9 4000 

42 mm 6.51 m/s 0.80 6.2 8000 

32 mm 3.26 m/s 0.82 7.1 4000 

32 mm 6.55 m/s 0.85 7.9 8000 

 

3.3 Flow Structure 

Figure 5 shows contour plots of axial velocity overlaid with velocity vectors for all the cases. 

In all images, the flow is from bottom to top and the coordinates in the streamwise and spanwise 

directions are denoted as Y and X, respectively. The velocity magnitudes are represented in 

pseudo-color and all plots have the same color scaling. The time-averaged intersection point of the 

left and right flame branches is marked by purple and blue circles, respectively. The time-averaged 

velocity at that point is denoted by purple and blue arrows for the left and right branches. For 

illustration purposes, the arrows at the intersection points have been drawn to a larger scale than 

the other velocity vectors and this scale is maintained for all test cases. White dashed lines illustrate 

the bluff-body centerline locations. Data at a 52 mm bluff-body spacing and Re=8000 were not 

available due to restrictions in fuel-flow capability. 

At both Reynolds numbers, the time-averaged intersection point moves downstream with 

increasing bluff-body spacing. At a given spacing, the time-averaged flame intersection point 

moves downstream with increasing velocity. Recirculation zones downstream of each bluff-body 

are visible for all spacings at Re=4000 (Figure 5a-Figure 5c). The recirculation zone decreases in 

size significantly for the Re=8000, 42 mm bluff-body spacing (Figure 5d) and seems to disappear 

almost entirely for the Re=8000, 32 mm spacing case (Figure 5e). This is likely due to the close 

spacing of the bluff-bodies and the significant expansion of gases across the flame. Furthermore, 

the recirculation zones from the left and right bluff-bodies appear to be angled towards the 

centerline of the flow field. This jet convergence toward the axis of symmetry (the center bluff-

body) is expected due to low pressure regions that form as the jets entrain the surrounding fluid 

[2, 21]. Since the jets from the middle bluff-body (which are also the inner jets from the outer 
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bluff-bodies) already converge towards the center, the outer jets are expected to converge further 

towards the center. 
 

 
(a) 52 mm spacing, Re = 4000 
 

Data not available 

 
(b) 42 mm spacing, Re = 4000 

 

 
(d) 42 mm spacing, Re = 8000 

 
(c) 32 mm spacing, Re = 4000 

 
(e) 32 mm spacing, Re = 8000 

Figure 5. Time-averaged flow comparisons for bluff-body spacings and inlet velocities. 

Figure 6 shows time-averaged axial velocity profiles at different downstream location for two 

different bluff-body spacings (32 mm and 42 mm). In each plot, the profile of the Re=4000 case 

is shown as a red line and the Re=8000 case as a blue line. The locations of the centers of the bluff-

bodies are represented by black dashed lines. Figure 6a and Figure 6b show the velocity profiles 

just downstream of the bluff-bodies. For all cases there is a wake velocity profile at the inlet. For 
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the 42 mm spacing the potential core is still visible at both inlet Reynolds numbers. For the 32 mm 

spacing, the potential core region is only visible at the low inlet Reynolds number. This shows that 

the velocity profile develops faster as the bluff-body spacing decreases.  

Figure 6c and Figure 6d show the velocity profiles at the respective time-averaged flame 

intersection points identified in Figure 5. Finally, Figure 6e and Figure 6f show the velocity 

profiles 10 bluff-body diameters downstream. By this distance the wake profile has transitioned to 

a jet profile as evidenced by the velocity maxima near the bluff-body centerlines. For both spacings 

and Reynolds numbers, three separate jets are visible, although they are less pronounced for the 

higher Reynolds number. This wake-to-jet transition is similar to behavior seen by Francois et al. 

[22], and is a result of the flow expansion across the flame.  The jets from the outer bluff-bodies 

move towards the flow centerline similarly to the velocity profiles at the time-averaged intersection 

point (Figure 6c and Figure 6d). 

 
(a) 42 mm Spacing Inlet Velocity 

 
(b) 32 mm Spacing Inlet Velocity 

 
(c) 42 mm Spacing Velocity Profile at 

Average Intersection Point 

 
(d) 32 mm Spacing Velocity Profile at 

Average Intersection Point 
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(e) 42 mm Spacing Velocity Profile 10 

Diameters Downstream 

 
(f) 32 mm Spacing Velocity Profile 10 

Diameters Downstream 
 

 
Figure 6. Time-averaged axial velocity profile comparisons at two velocities and three 

downstream locations. 

Figure 7 shows the inlet velocity profiles for three bluff-body spacings at Re=4000 where the 

X-axis is normalized by the bluff-body spacing. The inlet flow profiles between bluff-bodies are 

similar in all three cases. However, the recirculation zone strength changes with variation in the 

bluff-body spacing; closely spaced bluff-bodies reduce the strength of recirculation.  

 
Figure 7. Inlet velocity profiles for all bluff-body spacings.  

Figure 8 shows both the magnitude of the turbulent fluctuations and the turbulence intensity at 

the inlet. As expected, RMS fluctuations scale with inlet Reynolds number; turbulent fluctuations 

are roughly twice as high at Re=8000 than at Re=4000. Figure 8b shows that the turbulence 

intensity at the inlet is between 6 and 8 percent for all cases. 
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(a) Average Inlet Turbulence 

 
(b) Average Inlet Turbulence Intensity 

Figure 8. Inlet (a) velocity RMS and (b) turbulence intensity at three spacings, two 

Reynolds numbers. 

3.2 Flame Structure 

Figure 9 shows the time-averaged flame intersection location in both the spanwise (X) and 

streamwise (Y) directions for both flame branches. The results in Figure 9a demonstrate that the 

intersection locations are fairly symmetric between the left and right branches. As the bluff-body 

spacing increases, the intersection location moves spanwise from the centerline in both directions, 

as is expected. The intersection point moves farther downstream with increased Reynolds number 

and increased bluff-body spacing (Figure 9b). In addition, the flames become narrower as the 

Reynolds number is increased. This is shown by how the spanwise locations of the flame 

intersection points move closer to the axis of symmetry as the Reynolds number is increased. 

 

 
(a) X Flame Intersection Point 

 
(b) Y Flame Intersection Point 

 Figure 9. Time-averaged flame intersection points. 

Figure 10 shows the progress variable contours in pseudo-color for each spacing and Reynolds 

number. The contour that represents the mean flame position, 𝑐̅ = 0.5, is traced in black. The 

progress variable contour varies from 𝑐̅ = 0 (red), where the mixture is always reactants, to 𝑐̅ = 1 

(blue), where the mixture is always products.  The progress variable contour can be interpreted as 

the probability that the mixture at any location will be on the products side of the flame. 
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(a) 52 mm spacing, Re=4000 

Data not available 

 
(b) 42 mm spacing, Re=4000 

 
(d) 42 mm spacing, Re=8000 

 
(c) 32 mm spacing, Re=4000 

 
(e) 32 mm spacing, Re=8000 

 
Figure 10. Progress variable contours at three bluff-body spacings and two Reynolds 

numbers.  Note that the X-axis is scaled differently for each bluff-body spacing. 

The progress variable contours show the impact of bluff-body spacing and Reynolds number 

on time-averaged flame structure. As bluff-body spacing is decreased, the flames become shorter 

and the flame interaction region moves further upstream. This shortening of the flame is true for 
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both the Re=4000 and Re=8000 cases. Additionally, increasing the Reynolds number at a given 

bluff-body spacing not only moves the time-averaged interaction location downstream, but also 

noticeably increases the size of the flame brush, particularly in the flame interaction area. This 

effect was also noted by Worth and Dawson [15]. Finally, the shape of the flame brush varies with 

both bluff-body spacing and Reynolds number. For example, at Re=4000, the flame on either side 

of the central bluff-body initially develops relatively vertically before flaring out further 

downstream. This flare is likely driven by the end of the recirculation. However, the downstream 

development of the flame at the higher Reynolds number is quite different. At a spacing of 42 mm, 

the flame develops more vertically downstream, and at a spacing of 32 mm, the flame initially 

bends radially outwards. These differences are likely a result of the change in the recirculation 

zone structure at the higher inlet Reynolds number where recirculation is largely suppressed. 

Further investigation into both the structure of and fluctuations in the recirculation zone are 

required to more fully explain these flame shapes. 

Figure 11 shows the flame brush thickness as a function of distance from the inlet normalized 

by the time-averaged flame intersection point (Y/Yint). The flame brush thickness was estimated 

using the relation used by Kheirkhah and Gülder [23] and proposed by Namazian [24], shown in 

Equation 1.   

 
𝛿𝑡 =

1

|max (
𝑑𝑐
𝑑𝑥

)|
 (1) 

 

  
Figure 11. Flame brush development as a function of downstream distance. 

Calculations of the flame brush thickness with downstream distance show variations in flame 

brush thickness with both bluff-body spacing and Reynolds number. At a given bluff-body 

spacing, increasing the Reynolds number results in a thicker flame brush over the length of the 

flame. This is consistent with previous findings [25]; increasing Reynolds number results in higher 

inlet turbulence levels (see Figure 8 and Table 1) and more flame wrinkling, increasing the width 

of the turbulent flame brush. More interestingly, increasing the bluff-body spacing also results in 

thicker flame brushes along the length of the flame at a given Reynolds number.  However, the 

inlet turbulence levels for these three cases are not significantly different (approximately 0.23 m/s 
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for all three spacings at Re=4000). This trend indicates that the turbulent flame brush development 

is not just controlled by the turbulence level, but also the structure of the flow field and possibly 

the downstream interaction of two flame branches. 

Additionally, Figure 11 suggests there are two regions of flame brush growth: an initial, rapid 

growth region (approximately from Y/Yintersection = 0 to 0.2) followed by a steady growth region 

(approximately Y/Yintersection = 0.2 to 0.8) farther downstream. Beyond the steady growth region 

(approximately greater than Y/Yintersection = 0.8), the flame brush thicknesses diverge due to 

interaction between the flames. In all cases, the initial flame brush growth rate is higher than the 

steady state growth rate. Figure 12 shows a representative flame brush curve with fitted lines that 

represent the initial growth and steady growth regions. Table 2 contains a summary of slopes 

obtained from these linear fits. 

 
Figure 12. Representative linear equation fitting for the initial growth and steady growth 

portions of the flame brush development. 

 

Table 2. Summary of flame brush growth slopes. 
 

Bluff-Body 

Spacing 

Bluff-Body 

Reynolds 

Number 

Initial 

Growth 

Slope 

Initial Growth 

Slope R2 

Steady Growth 

Slope 

Steady Growth 

Slope R2 

52 mm 4000 15.9 .944 5.45 .929 

42 mm 4000 8.02 .905 5.57 .975 

42 mm 8000 21.2 .986 11.9 .948 

32 mm 4000 3.01 .848 3.37 .964 

32 mm 8000 7.36 .934 5.79 .934 

 

The slopes of both the initial growth regions and the steady growth regions roughly scale 

linearly with Reynolds number for a given bluff-body spacing. Additionally, for a given Reynolds 

number, both the initial and steady growth rates are higher for wider spacings. This suggests that 

when the bluff-bodies are moved closer together the flame brush growth is reduced due to the 

effect of jet merging.  

A sensitivity study was conducted on the 52 mm spacing case to examine the effects of varying 

the cutoff between the initial region and the steady growth region. Varying the definition of the 

initial region from Y/Yintersection = 0.1 to 0.25 changed the slope in the initial growth region but had 

little effect on the steady growth region. Adjusting the endpoints from Y/Yintersection = 0.8 to 0.9 
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similarly had little effect on the slope of the steady growth region. The highest linear fit coefficients 

were obtained by defining the initial growth region as the region from Y/Yintersection = 0 to 0.2 and 

the steady growth region from Y/Yintersection = 0.2 to 0.8, so this range was defined as the cutoff 

range for all cases. Although the initial growth region is more sensitive to cutoff values, defining 

the same cutoff values for all test cases still allows for qualitative comparisons between slopes. 

4. Conclusions 

In this work, the impact of both inlet Reynolds number and bluff-body spacing on the flow and 

flame development in three interacting, two-dimensional V-flames has been investigated. A 

number of key conclusions can be drawn from this study. At a given bluff-body spacing, increasing 

the Reynolds number results in higher inlet turbulence levels and an increase in the flame 

intersection distance from the combustor inlet. Higher Reynolds numbers also result in larger 

flame brush thicknesses. At a given Reynolds number, decreasing the bluff-body spacing causes 

more interaction between the flames. Closer bluff-body spacings cause significant changes to the 

flow structure, particularly in the recirculation zone, and also cause the flames to intersect closer 

to the inlet plane. Additionally, reducing the bluff-body spacing suppresses the development of 

the flame brush even while the inlet turbulence levels are held constant. Future work will 

investigate the details of the changes to the flow field with bluff-body spacing in both non-reacting 

and reacting flows.  Furthermore, future analysis will develop statistics of the flame wrinkling and 

interaction with turbulence to determine a fuller description of the impact of flame interaction on 

turbulent flame development. 
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