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Introduction
The first works devoted to the evolution of elongated particles date from 1922. They are mainly
due to Jeffery [5], which exhibits the evolution equation describing the orientation of ellipsoidal
particle in a viscous fluid. The description an ellipsoid of revolution requires the knowledge
of two parameters: a length L and an orientation vector, p = (sin θ cos φ, sin θ sin φ, cos θ).
Jeffery has showed that the evolution of the orientation p depends on the flow and a geometric
parameter describing the ellipsoid of revolution: the aspect ratio β = L/D, where D is the
diameter of the larger section (perpendicular to p) of the ellipsoid. For an aspect ratio β and
a shear flow, u = (γ̇y, 0, 0), an analytical solution is obtained for both angles. Moreover, the
applied macroscopic shear rate γ̇ can be directly related to the rotation period T = 2 π(β2 +

1)/βγ̇. Then, the fibre follows an orbit around the 0z axis. The amplitude of this orbit depends
on the initial position and the fibre has a "kayaking" like motion.
For viscoelastic fluids, there are many studies that show that this equation is no longer valid.
Early works [6] have studied the effects of non-Newtonian (’second-order fluid’) first contribu-
tions: the authors show that the fibre tends to align along the axis of vorticity. With this model,
this effect is connected to the second normal stress difference. However another theoretical
study on Oldroyd-B fluid [2] exhibits the same behaviour but related in to the first normal
stress difference. This behavior is observed experimentally for low elasticity and low fiber
concentration [4]. Moreover for larger elasticity or shear rate, the observed behaviour can be
more complex [1, 3, 7]. More recently, the reference [8] shows that for spherical particle (β = 1)
the period of rotation T increases as the elasticity increases (the elasticity can be connected to
a Weissenberg number defined as the ratio between the first difference of normal stress and
shear stress).

Numerical results
In this work, direct numerical simulations [9–11] are used to study the motion of an ellipsoidal
particle in a shear flow. In this study, the constitutive law of Oldroyd-B is used to describe
the behaviour of viscoelastic fluid. This model can be written such as the stress tensor has this
form:

σ = −pI + 2ηsε̇ +
ηp

λ
(3s− I) (1)

where ηp and λ are respectively the viscosity and relaxation time of the polymeric part. The
conformation tensor s satisfies the relation

∂s
∂t

+ u · ∇s−
[
∇u · s + s · ∇uT

]
+

1
λ
(3s− I) = 0 (2)

A cubic domain is chosen with an ellipsoidal particle in its center. As there is only one particle,
the center of mass of the particle is fixed and its orientation is changed due to the flow motion



and extra-stress. A shear flow is imposed fixing the rate on the upper and lower walls the cube
and Couette is imposed on the vertical walls. The calculations are made for γ̇ = 1 and the
particle size is L = 0.3, R = 0.05 (β = 3). The initial position is θ0 = 30o and φ0 = 45o. The
Olroydd-B fluid has the following characteristics: ηs = 0.1; ηs = 0.9; λ = 0.1, 0.5 and 1.
Numerical computations show that for small and moderate values of relaxation time, the par-
ticle moves towards the axis of vorticity. Same kind of results are found for shear thinning
fluids. That confirm some experimental and theoretical results. The duration of this transi-
tion depends on the relaxation time as shown in figure 1. At the end of this transitory particle
mainly rotates about its axis of revolution.

Figure 1: Orbits of extremity of orientation vector p for λ = .1 and 1. The black orbit corresponds to the Newtonian case.
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