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Abstract
In rocket propulsion, small hypergolic fuel additives (particles) can greatly improve performance; alternatively, erroneously large
particles could have opposing effects. Thus, exact particle size analysis is of major interest. An attempt at applying the digital
image processing (DIP) technique to analyze the particle size distribution was made. Particle disperse in the fuel was examined. A
Matlab digital-image-processing algorithm using segmentation and filtering was developed. Particle size distribution was
successfully produced. The recognized particles fell between the expected range and had an average diameter of 20 μm with a
standard deviation of 12 μm. Despite this, particles were not found to be homogenously distributed within the sampled fuel.

Introduction
Hypergolic propellant involves the spontaneous ignition of fuels and oxidizers on contact. The fuel is composed of three main
elements: kerosene, hypergolically-reacting particles, and a gelant that ensures particles do not sink and are evenly spread
throughout the fuel. These particles additives have demonstrated great improvement in performance; but while small particles
can greatly improve performance, large particles have opposing effects. Thus, exact particle size analysis is of major interest [1].

Our method
Our software provided a
deterministic method of
finding particles within a
given sample, taking
under 3 seconds to find,
evaluate, and analyze [2]
each particle. The
algorithm, written in
MatLab consists of a two
step process of
segmentation and
filtering.

Samples

Figure 1: Two fuel samples

Segmentation
The program took a unit-8 RGB
image (Fig. 1) and transformed it
to grayscale (Fig. 2) eliminating
hue and saturation. Then, it found
an absolute threshold using
Otsu’s method of thresholding,
trained on a small portion of the
image. Otsu’s method, which
minimizes the variance of colors
for segmented objects, allows the
program to be useful on images
with differing luminances.

Filtering
After segmentation (Fig. 3), the object-detection
algorithm determined objects that were potentially
(Fig. 4) particles in a three-step process:

1) Objects were limited to diameters of 8 to 100 μm;
all expected particles were to be found within the
smaller range of 10 to 63 μm
2) Objects were fitted with ellipses in order to
eliminate objects with unreasonable lengths
3) Objects were matched with their expected
perimeters to eliminate objects that had nonparticle shapes

Results

Figure 2: Grayscale sample
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Figure 3: Image after segmentation
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Figure 4: Filtered particles

Figure 5: Particle size distribution for all fuel
samples

Figure 6: Particle size distribution for each
fuel sample

Conclusions
• A digital-image-processing approach to determining particle size distribution was
successfully produced with over 70 samples tested
• The sampled fuel had an average diameter of 16 μm with a standard deviation of 7 μm
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• Recognized particles fell between the expected range of 10 and 63 μm (Figs. 5, 6)
Check out our shinyapp!

• Particles were not found to be homogenously distributed within the sampled fuel (Fig. 7)

Figure 7: 𝜒 2 test
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