
Popular summary in English

Te aiation industry releases 2.5% o global CO2 emissions and is a major contributor to
climate change. educing these emissions is challenging due to the design requirements
placed on aircrat engines: electric motors and uel cells are too heay or larger aircrat,
while hydrogen-burning jet engines are difcult to implement saely and reliably. Howeer,
there is hope in the orm o ustainable Aiation Fuel (AF), i.e., renewable biouels that
can be used in conentional jet engines.

AF can be produced in many ways. ome methods synthesize it rom alcohol and sugar.
Others use waste products like sewage or used cooking oil, giing the uel a ery low en-
ironmental ootprint. Others still use biological byproducts rom industrial processes;
important examples o this in weden include orest residues or byproducts rom paper
production. Te uels produced by this wide range o methods and materials can ary
greatly in composition and lack some important eatures o established ossil uels. A gen-
eral trend is a lack o aromatics, carbon rings that are naturally plentiul in petroleum and
ossil uels, which are necessary or proper lubrication and seal swelling in jet engines. For
these reasons, AF is only certied or use in aircrat when blended with ossil uels up to
a maximum ratio o 50/50.

When more than 50% AF is put into the tank, the dierences between it and conentional
uel can start to become noticeable. Howeer, the eects o these dierences are not well
known because our scientic and practical experience burning AF is minuscule compared
to ossil uels. Tere is an urgent need or research on how AFs burn so that blending
limits can be increased and new production methods can be certied. o gain as much
knowledge as possible, it should not only be done with traditional experiments but also with
detailed computer simulations. imulations can proide data that is unobtainable using
experimental measurements and allow or predictie and exploratory studies that generate
new theories. Large Eddy imulations (LE) are one such simulation technique, well-suited
or studying the complex and turbulent combustion inside a jet engine, as it constructs
a ull 3D model o the constantly shiting ame. Although powerul, LE requires an
astronomical amount o calculations, which makes access to a supercomputer a necessity.

Tis work uses LE to study the combustion o seeral jet uels, including AF. Te set o
uels represents a wide range o characteristic properties like density and aromatics content,
and each uel is used in its pure orm. n this way, the eects o the dierent properties
become as impactul and measurable as possible, making it easier to connect them to the
dierent combustion behaiors o each uel. wo dierent cases are studied. Case A is a
simple lab-scale burner, somewhat similar to a camping stoe, where the uel is ully a-
porized and mixed with air beore igniting. Case  is a generic model o a real jet engine
combustor and includes many eatures o real engines, such as air pressures up to ten at-

ii



mospheres, direct injection o liquid uel into the combustion chamber, and swirlers that
induce rotation in the ow to stabilize the ame. oth cases hae preiously been used in
experiments elsewhere, and their results are publicly aailable. Te LE model reproduces
the aailable results ery well, indicating that the modeling methodology is well-suited to
the problem.

n case A, the simulations reeal seeral distinct uel trends. Te temperature at which each
uel burns decides the oerall size o its ame, which is ery useul inormation since the
ame temperature can be easily calculated without either experiments or simulations. Te
ignition quality o each uel, which is measured using the Cetane umber (C), appears to
inuence how steady the ame is, with low-C uels haing steadier ames than high-C
uels. A hypothetical explanation or this unexpected result is ormulated using chemical
time scales, and urther research will show how well it holds up.

n case , the simulations show that the dierent uels behae quite similarly when the
engine is run in idle mode, but distinct dierences emerge in cruise mode. Te most
important actor is the aporizability, which is a measure o how easily the liquid uel is
broken up into small droplets and then turned into apor. Te more aporizable uels hae
more compact ames and burn closer to the uel injector. Tis increases the uel-to-air
ratio where the chemical reactions happen, which in turn increases the ame temperature.
ecause the ame temperature is so high, the nitrogen in the air reacts with the oxygen to
orm nitrogen oxides, Ox, which are harmul to both people and the enironment. Te
more aporizable uels also gie rise to strong pressure waes that make their ames less
stable and put the engine under stress.

Te combined results o this work demonstrate how radically dierent undamental uel
properties lead to dierent combustion behaiors. As more experiments and simulation
studies are carried out, the range o possible AF properties and their eects will be mapped
out and understood. Tis understanding should pae the way or higher blending limits
with some AFs and allow new production methods to enter the market.
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