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Abstract— The gravitational settling of a small asymmetric particle in a two-dimensional periodic flow given by
Stuart solution of the inviscid Euler equations, the so—called Stuart vortex flow field, is investigated with various
buoyancy parameters. The numerical sheme used in this study couples the quasi-static Stokes equations for the
fluid with the equilibrium equations for the particles. The force and torque expressions are used in the equations of
motion of the particle, to predict the trajectory and orientation histories for a variety of initial orientations and
length-to-diameter ratios. The equations of these dynamical systems are solved by using the fourth-order Runge-

Kutta scheme.
Keywords: Stuart vortex flowfield, asymmetric particle, buoyancy parameters, trajectories.
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Fig. 1. Stuart vortex flowfield for k=0.25.
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Fig. 2. Polar angle histories for L/ D=1, n=2, d/D=0.01

with ¢,/8,/y,=30%/30°/0°.
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CASE Sll SZQ S33 SIZ sl3 823
1 0 0 0 1 0 0
2 0 0 0 0 1 0
3 0 0 0 0 0 1
4 -1 1 0 0 0 0
5 0 -1 1 0 0 0
6 1 0 -1 0 0 0

A& 37MA ASE Y3 A5 (homogeneous

shear flow)& UehiE Yoix|
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B, FHA A &
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Fig. 3. Roll angle histories for L/D=1, n=2, d/D=0.01
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a  : helical coil radius(=D/2)

a,, a3, a3 the semi-axes of an ellipsoidal particle

a, ¢, ¢s - particle center of mass coordinate
system

¢, &, € unit vectors for the center of mass

coordinate system
C. : coupling tensor referred to the center of

mass
d ' filament diameter
F  : force on the particle
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G velocity gradient magnitude

>

: translation resistance tensor
k  : parameter of a spatial vorticity

distribution(k=0: uniform vorticity, k=1:

a low of point vortices)
m,  mass of the displaced fluid
m, : mass of the particle
M. : moment of inertia tensor

n : number of turns in the helix
0 * origin of a coordinate system
D . pressure

81, Sz, 83 - space-fixed coordinate system(s; vert-
ically up)

§1, $,, §; © unit vectors for the space-fixed coor-
dinate system

Sy ¢ slender-body surface

T. : torque on the particle about center of

mass
T . dimensionless time
U, (U, : particle translational velocity (about
center of mass)
u : approach fluid velocity
Y buoyancy parameter

dz|A 22Xt
8y, 0., © Kronecker delta
£ . slenderness parameter(=d/2l)
4 : vorticity

F3 Al 8 A A 2 3, 19%

[o]
o

Al

A : distance between two contiguous vortices
u : fluid viscosity
¢, 8, v: Euler angles of azimuthal, polar and
roll directions
@, ¥, : third-rank resistance tensors referred
to the center of mass
¥ stream function
Q,  rotation resistance tensor, referred to the
center of mass
®,  particle dimensionless angular velocity
about center of mass
®,(®,): dimensionless fluid spin vector

(at center of mass)
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