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Abstract

This work examines the evaporation and sooting behaviors of a HEFA-SPK sample
(neat and blended with Jet A) using two single droplet test rigs that provide
complementary, engine-relevant high temperature conditions. Despite being
typically considered as a drop-in fuel with very similar features to Jet A, results
show a noticeable slower initial heat-up for HEFA-SPK, which is compensated
with an enhanced late-stage evaporation rate. These differences may impact
relevant combustion features in real applications, such as ignition, flame anchoring
or flame stability. When it comes to soot tendency, a reduction of 85% in the mass
of soot collected in droplet tests was noted when adding 50% HEFA-SPK,
highlighting the potential of SAF to mitigate particulate emissions.

Introduction

Sustainable aviation fuel (SAF) is widely regarded as the most viable near- to mid-
term pathway for decarbonizing aviation through the replacement of conventional
kerosene [1]. However, the practical deployment of these fuels is currently
hindered by an incomplete understanding of their combustion behaviors,
particularly under engine-relevant conditions [1]. Even if they are usually
considered as drop-in fuels, their differences in composition and properties can
significantly modify relevant characteristics such as evaporation or soot emissions.
This work characterizes these two relevant features for a HEFA-SPK (major SAF
pathway) and a conventional Jet A by using the single droplet configuration.
Uncommon in the literature, engine-relevant high-temperatures are employed by
using two test rigs with complementary capabilities. The aim is to gain insight into
the intrinsic features of neat and blended SAF through a comparative analysis with
Jet A under strictly controlled conditions.

Experimental Method

Two single droplet combustion setups were used, namely a Free Falling Droplet
(FFD) and a Suspended Droplet (SD) test rig, both of them shown in Fig. 1. They
are designed to provide realistic and well-characterized combustion environments
around single, isolated droplets. More specifically, the FFD provides a gas
temperature of ~1700 K with ambient oxygen concentrations of 0 and 10 % (vol.,
dry basis) and initial droplet diameters (dyp) of 150 um. The SD rig operates at a
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slightly lower temperature (~1336 K), using the same oxygen ranges and larger d
values (500-700 pm). The temporal evolution of droplet and envelope flame are
optically acquired, as detailed in previous works (e.g., see [2]). Even if most of the
SD experiments were conducted with thin, low-conductivity SiC fibers, some tests
were repeated with a 25 um type-S thermocouple embedded inside the droplet to
estimate the liquid temperature evolution. Furthermore, the sooting tendency of the
tested fuels was characterized through an aspirating soot probe to determine the
Isolated Droplet Soot Yield (IDSY), defined as the grams of soot collected per
gram of fuel injected in FFD tests under strictly controlled conditions [3].
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Figure 1. Schematic of both test rigs: 1-Flat flame burner, 2- Droplet generator,
3-Quartz tube, 4-Air-shield, 5-Droplet imaging setup, 6-Backlight for #5, 7-
Flame imaging setup, 8-Backlight for #7, 9-Aspirating soot probe.

These methods were applied to a conventional kerosene (Jet A, properties detailed
in [4]) and to a sustainable aviation fuel (SAF) produced through the HEFA-SPK
pathway. Since, as per ASTM D7566, the maximum approved blending ratio for
this SAF route is 50% vol., this blend (SAF-50) was also prepared and evaluated.

Results and Discussion

Figure 2 shows the droplet evaporation curves for the tested fuels. These curves are
displayed in terms of the normalized diameter squared versus normalized time, so
that small variations in dy between runs have negligible impact in the results. When
comparing SAF and Jet A, clear differences can be observed, with the former
showing noticeably slower evaporation during the initial stages. However, as the
droplet departs from the initial heat-up transient, the evaporation rate (K=-d(d")/dt)
for SAF significantly increases. In fact, the calculation of the temporal evolution of
K (not included here for brevity) reveals that, even though the evaporation rate of
SAF is lower than that of Jet A during the first half of the droplet lifespan, it
becomes appreciably higher during the second half. As a result, both fuels exhibit
similar droplet consumption times, with the blend displaying an intermediate
behavior.

When oxygen is present in the coflow, the autoignition of fuel vapors leads to the
formation of an envelope flame (discussed further below), enhancing heat transfer
toward the droplet and increasing the evaporation rate. However, the
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aforementioned relative differences between fuels remain the same in both the pure
evaporation (0%0;) and combustion (10%0,) cases. These distinct evaporation
rates throughout the different stages of fuel conversion can have significant impact
on spray combustion performance in real applications. Namely, the reduced
evaporation during the initial stage for SAF, ascribed to a lower content in light
ends, may impact key aspects such as ignition, flame anchoring distance or flame
stability.
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Figure 2. Droplet vaporization curves for FFD at different conditions: high-
temperature evaporation: (0% O, left) and combustion (10% O, right).

Testing these fuels in the SD setup yields analogous results, corroborating that the
already discussed differences between fuels are maintained for other test
conditions. This is confirmed by Fig. 3 (left), which shows the evaporation curves
obtained using thin SiC fibers. Repeating the tests with the droplet suspended from
a thermocouple yields the curves displayed in Fig. 3 (right). Even if the
evaporation curves are clearly affected by this intrusive measuring method, the
temperature readings point to clear differences between fuels. In particular, SAF
shows a higher liquid temperature, again consistent with its paraffinic nature and a
higher boiling point range.
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Figure 3. Droplet vaporization curves for SD at the 0%0, condition using SiC

fibers (left) and a thermocouple (right).
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The envelope flames for the 10%0O, case in SD tests are compared in Fig. 4.
Although the flame location is quite similar for SAF and Jet A (measurements not
included for brevity), the photographs in Fig. 4 reveal notable differences in
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sooting propensity. Even if the CH* emission marking the flame boundary appears
clearly for all fuels, Jet A shows a significantly larger soot tail in the inner side of
the flame, followed by SAF-50 and SAF. In the former case, soot emission is more
intense, with some images showing soot breaking through the flame and being
released into the surrounding flow (e.g., see pictures 0.50 - 1.50 s/mm?). This much
lower tendency to form soot for SAF was quantified through Isolated Droplet Soot
Yield (IDSY) tests for FFD. More specifically, whereas Jet A produced an IDSY
value of 0.051£2 10 gsoot/gfuel, the blend yielded only 0.0075+3 10 gsoor/gtuel (85%
reduction). Neat SAF was below the detection limit of the method.
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Figure 4. Evolution of the envelope flame for SD at 10%0O> condition.
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Conclusions

The HEFA-SPK sample analyzed in this work exhibited distinct evaporation
characteristics when compared to conventional Jet A, with a slower heat-up
transient and a higher evaporation rate during the second half of the droplet
lifespan. It also displayed a significantly lower tendency to form soot, with a 50%
blend yielding a reduction of 85% in the collected soot mass during droplet tests.
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