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that is a main principle of modern civil aviation. Today much works are devoted to the question of
studying low-temperature properties of alternative jet fuels.

Purpose of the work: to investigate the basic low-temperature properties of alternative aviation fuels,
and to determine how much they correspond to the norms of traditional aviation fuels and to what extent
they can replace them. Objectives: To measure the parameters of such properties of fuels as a viscosity
and freezing point by a practical method and derive mathematical formulas for their calculation. Based
on the results of the research, construct diagrams.

3. Requirements to low-temperature properties of jet fuels

Low-temperature properties of JFs are characterized by its behaviour at low temperatures and are strictly
controlled by specifications. During exploitation JEs usually have to work at very low temperatures,
especially in winter and during high-altitude flights of aircrafts at an altitude of 9 — 12 km, where
temperature reaches -50 — -70 °C.

Cooling of JFs may be accompanied with clogging of fuel filters that may be associated with aircrafts
accidents and disasters. Cooling of fuel also affects reduction of spraying efficiency by fuel nozzles and
worsening fuel pumps operation. It is knows that the filtering ability of fuels at low temperatures
depends on the fractional and chemical composition and also water content.

Low-temperature properties of fuels are characterized by complex of physical and chemical
phenomena, which occur in fuels at temperatures below 0 °C. At low temperatures insoluble sediments
of organic nature appear and affect the operation of the fuel system. The main reasons for their
occurrence are sharp decrease of some fuel components solubility with a temperature decrease and phase
transitions. Such sediments are a composed of amorphous and crystalline substances. The amorphous
part includes high-molecular-weight heteroorganic compounds and salts of organic acids, crystalline
part is hydrocarbons having high freezing point.

The main source of low-temperature precipitate in JFs is the crystallization of fuel’s hydrocarbons
when freezing point (FP) is reached. Decreasing of temperature causes crystallization of hydrocarbons,
rise of crystals concentration and fuel gradually loses its fluidity and then freezes. When reaching pour
point (PP) the complete turbidity of fuel is observed. Deeper cooling results in fuel solidification; fuel
looks like paraffin.

According to specifications for JFs low-temperature properties are regulated by FP, content of soaps
of naphthenic acids and fuel’s kinematic viscosity at low temperatures. Within the scope of this study,
low-temperature properties of JFs blended with bio-additives were estimated by PP, FP and kinematic
viscosity at low temperatures.

For fulfilling experimental studies conventional JF of grade Jet A-1 was used. Its quality meets
requirements of specifications ASTM D1655, Def Stan 91-91.

For obtaining blended JFs three types of bio-additives were used:

e FAME of RO quality parameters meet requirements of specifications EN 14214, and ASTM
D6751;

e FAME of RO that were specially modified by vacuum distillation according to the method
described in;

e FAEE of RO that were also modified by vacuum distillation according to the mentioned method.

Within the scope of this work we have studied low-temperature properties of pure JF, pure samples
of bio-additives and JF blends, which contained 10%, 20%, 30%, 40% and 50% of each type of bio-
additives.

4. Results and discussion

Bio-additives based on FAME and FAEE of RO are characterized by significantly higher values of PP
comparing to conventional JF (Table 1.). High values of bio-additives PP are stipulated by chemical
structure of molecules and by Van der Waals interactions between them. The length of the hydrocarbons
chain (C15+C25) defines the large size of the compounds and, binding energy between molecules is
higher comparing to conventional JFs.
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