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 Pure oxygen was used as the oxidizer with supply pressures and stainless steel spark gaps shown 
in Table 1. Note that spark gaps 5 and 7 were excluded from this study. The oxidizer was injected 
into a cavity upstream of the spark gap, then directed through an annulus formed by two electrodes. 
Sparks formed within the annulus and were extended outward by the flow. The excited gas is 
carried downstream by the bulk flow where it inevitably reached equilibrium. 
 

Table 1   Spark gap electrode diameters, and supply pressures used in experiment 

Spark 
Gap 

Outer Diameter 
[in] 

Inner Diameter 
[in]  Setting Supply Pressure 

[psia] 
1 0.0205 0.094  1 20 
2 0.0315 0.094  2 40 
3 0.0415 0.094  3 65 
4 0.0510 0.094  4 90 

N/A - -  5 115 
6 0.0715 0.094  6 190 

N/A - -  7 265 
8 0.0915 0.094  8 340 
    9 415 
    10 515 

 

 
Fig. 1   Detailed schematic of experimental setup for Schlieren imaging and other common 

measurements 
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Fig. 2   Typical mean voltage and current shapes 

B. Schlieren Post Processing 
For reference, Fig. 3 shows a schematic of the spark igniter cap juxtaposed with a schlieren 

image. Gases enter the spark igniter gap from one side, fill the chamber then exit through the 
annulus. The gap cap is removable, and the means to change the diameter of the outer electrode. 
An O-ring sits in a channel between the gap cap and gap body to prevent gas from escaping, but 
is not shown in the schematic. 

 

 
Fig. 3  Juxtaposition of spark igniter cap and schlieren image 

The selected dataset contained measurements across ten pressures and six spark gaps with high 
speed videos were recorded for all combinations. For each set, one background video with flowing 
gas and no spark discharge was recorded for 1.8 seconds and two data videos were recorded with 
flowing gas and spark discharges for 1.8 seconds each. The background video was time averaged 
and subtracted off the raw data videos. Edge detection was performed using a subpixel detection 
method developed by Trujillo-Pino et al. [9]. Edges were then dilated in the shape of a diamond, 
and enclosed spaces were filled. The edges of the filled objects remaining were trimmed using a 
diamond shape resulting in a binarized spatial location of the hot plume of gas. 
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 An image based trigger was used to determine time zero for each spark discharge. Thirty 
frames (3 ms) were collected when the trigger occurred. Frames of the same time stamp were 
spatially averaged, and a weighted centroid was calculated to compare flow velocities. A second 
binary processing was performed for completeness. However, centroid locations were less smooth 
in movement due to multiple objects found per frame, and variation in the object shapes. Velocity 
calculations of gas movement were within 15% between the weighted centroid and centroid results 
on average. An outline of this process is shown in Fig. 4. 
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Fig. 4  High Speed Schlieren post-processing methodology 
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Fig. 9  Spark duration as a function of the pressure-distance product 

 The instantaneous power was integrated over time to produce the mean energy per measurement 
at each spark and pressure combination. The mean energy per combination plotted against distance 
in Fig. 10 shows a minor correlation. Pressure shows a similar, yet minor, trend with energy. 
Standard deviations of the mean energies show moderately consistent behavior across all spark 
gaps, with the largest fluctuation at 150 psia. When viewed as a surface, the mean-energy peaks 
shown in Fig. 11 resemble the spark-duration peaks from Fig. 8. Once again, a trend clearly falls 
out when using the pressure-distance product as shown in Fig. 12. A power relation is strongly 
indicated by the linear relation of spark energy and pressure-distance on the log-log plot. 
Furthermore, the consistency of the mean energies indicate that the breakdown voltage has little 
effect on mean energy as it was nonlinear and contained outliers from the general trends. 
 A trend worth noting is the spark energy distribution for each pressure and spark gap. When 
examining pressures, the majority of cases were bimodal with a primary and secondary peak. 

Fig. 7  Surface map of spark duration 
as a function of pressure and distance 

Fig. 8  Spark duration as a function of pressure 








