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Introduction Particle Alignment in Chaotic Flows Rotation Rates of Large Particles

The orientation of large anisotropic particles advected in a fluid flow is a

. , , , _ In strain flows, particles align such that their longest dimension lines up parallel
critical component of the study of fluid dynamics. The orientation has many

to the deformation gradient of the fluid flow. This causes rod-like particles to

appl}'cations in a variety of areas, such as plastic transport in the ocean. align with their symmetry axis parallel to the strain and for disc-like particles to
Particles smaller than the Kolmogorov length scale n act as tracers; however, align with their symmetry axis perpendicular to the strain.

tracer particles can reveal only so much about the flow structure. Particle The Cauchy-Green strain-rate tensor is defined by £, — Oz,

, where X is the
alignment also poses a fascinating problem in physics: how do particles align OX

) ) _ , position of a particle in the reference position, and x is the position of that
themselves in turbglent flows and how is that alighnment affected by their particle in the final position. After multiplying F by its transpose (F*FT), one
shape and orientation?

finds the left-hand Cauchy-Green strain tensor, ¢;” = g—zg—fé. The maximum
stretch that determines the direction of alignment of large particles in strain
flow is defined by the extensional eigenvector of the left Cauchy-Green

strain-rate tensor,€1r. .

The experiments were performed using triads and tetrads, which act as discs and
spheres of identical mass and volume, respectively. The experiments were
performed in a vertical water tunnel to generate controlled turbulence using a
random water jet-array, in the net upward direction to counteract the
sedimentation effect. The motions of the particles were observed by high-speed
cameras, which then sent data into a nonlinear fitting algorithm to calculate the
particle’s position and orientation.

Point-like particle transport and mixing in turbulence has been meticulously
studied and used to research vorticity dynamics and its correlation with other
turbulent flow qualities. For example, research with tracer particles has
revealed that fluid elements decelerate faster than they accelerate. This
appears as flight crash events, which reveal the irreversible nature of chaotic A Fiegnuerreaféssggftfo'ife”fi;"rf;)% gnzzei:?ttsegetgagfl which
flows. A natural extension of this work is to investigate the motions of larger, SO (Kramel et al., 2017)

non-point-like particles and their alighment with the flow.
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Triads and Tetrads

The rotation of any given particle can be defined by its spinning rate
Qp = (Q - p) and its tumbling rate p= (Q x p). Due to the random nature of these

1 mm | mm Figure 3: The Cauchy-Green strain effect on a circular 2D shape, elongated into a fiberlike shape. flows, measurements of these values are sensitive to noise. Short fit-times of the
H B R data capture these fluctuations, and longer fit-times smooth out this noise.The
solid-body rotation rates of the particles plateau in short fit-times and drops over

10 mm 10 mm Cauchy-Green strain-rate tensors are useful for understanding of turbulent flow longer fit-times, demonstrating the ability to precisely measure these quantities.
fields because they accurately describe the alighment of disc-like particles.

Since spherical particles do not have a major axis due to their isotropic nature,

they do not align with any flow and orient themselves randomly. However, since =) | | |
discs do have a major axis, they align themselves antiparallel with €11.. This Figure 6: Measured mean-square solid body rotation rate along with R e b
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a) p and omega, b) p and a, ¢) p and a for a triad (dashed line) and a tetrad (solid line).




