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1 Average optical extinction measurements

Figure 1 shows the time-average, ensemble-average light extinction for the
propellant formulations considered in this study (equation 10). The mean
profiles are unremarkable and show relatively little difference. The majority
of the differences between propellants are found in the integrated light extinc-
tion and higher-order statistics such as temporal stability and shot-to-shot
repeatability.
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Figure 1: Spatial structure of plumes for all formulations in the near-orifice
region for time-average, ensemble-average mean extinction (equation 10).
Flow is left-to-right. The horizontal axes are distance from orifice (z) and
vertical axes are radius (r), in mm.
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2 Volumetric extinction profiles for BDP So-

lutions

Volumetric extinction profiles <7v> (x) are shown in Figure 6 of the manuscript
for propellant-only placebos. The results for BDP solutions follow a similar
trend with differences between formulations moderated by the presence of
ethanol co-solvent. These are shown in Figure 2. The error bars indicate a
combined standard deviation including both temporal and shot-to-shot vari-

ation.
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Figure 2: Volumetric extinction profiles <TV> (z) for BDP solution formula-

tions with 8% and 15% w/w ethanol cosolvent.



3 Effect of ethanol on stability and repeata-
bility integrals

Figure 3 shows the effect of adding ethanol on the normalized integrated sta-
bility and repeatability as defined in Equations 13-14. The propellant-only
placebo is compared to 8% and 15% w/w ethanol solutions of 2.0 mg/mL
BDP (indicated by dashed lines). As expected, the profiles flatten and dif-
ferences are far less marked with increasing ethanol content. As ethanol is
added, the spray trends towards the ideal scenario described above where the
stability and repeatability are simply described by stretching and scaling of
the mean extinction. This is likely due to the greatly reduced volatility of
ethanol; flashing, convective mixing and evaporative effects are reduced.
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Figure 3: Radially integrated volumetric profiles for propellant-only placebos,
8% and 15% w/w ethanol solution formulations of 2.0 mg/mL BDP.



