Multiscale Characterization and Feedback Control of Atomization in a Two-fluid Spray Atomizer

ABSTRACT: A classic problem in multiphase flows is to describe the motion of a fluid, called the
continuous or carrier phase, and of one or several other phases — such as solid ash particles in air — referred
to as the disperse phase. This is particularly challenging when the dynamics of the phases are fully coupled:
the spatio-temporal distribution of mass and momentum of the disperse phase depends on the turbulent
carrier flow, and the turbulent carrier flow depends strongly on the location, size and velocity of the disperse
phase droplets or particles. My current research focuses on the case where the continuous phase is a
turbulent gas jet and the dispersed phase is formed by individual liquid droplets at volume fractions that go
from high to very dilute, presenting problems that are important to societal challenges and that include
complex, still poorly understood, physics. This talk will present one aspect of such flows and its
experimental investigation: the control of liquid break-up and spray formation. I will present a multiscale
characterization of the spray produced by a two-fluid atomizer, from the dense region at the exit to the dilute
clouds of droplets in the mid and far fields of the spray. The spray instabilities, and resulting large-scale
dynamics, are experimentally characterized using two high-speed imaging methods, back-lit optical and
synchrotron X-ray absorption, while the droplets spatio-temporal size and velocity distributions are
measured through laser interferometry. In particular, I will show how introducing angular momentum in
the gas co-flow dramatically changes the topology and dynamics of the atomized liquid jet, resulting in
drastic change in the spray. This is important for atomization control applications, such as ensuring engine
restart at high altitude in the context of aircraft propulsion. Finally, I will present an implementation of real-
time feedback control of the spray structure using the dynamics of the swirled jet described.
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