[image: image3.png]ETC 15



     15TH  EUROPEAN TURBULENCE CONFERENCE, 25-28 AUGUST, DELFT, THE NETHERLANDS    

[image: image1.wmf](

)

(

)

p

v

p

v

2

1

2

2

2

2Da

St  ;

9

C

;

u

21

t

t

n

tt

tn

lp

l

==

=

-

-

         

                                                                14TH  EUROPEAN TURBULENCE CONFERENCE, 3-5 SEPTEMBER 2013, LYON, FRANCE              
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Abstract
A suspension of oblate spheroidal (disk-like) particles in turbulent channel flow has been investigated with focus on the translational and rotational particle statistics. The effects of particle aspect ratio and inertia have been explored. The disk-like particles exhibited a significant preferential orientation in the plane of the mean shear. The influence of the particle shape on the orientation and rotation diminished as translational inertia increased from Stokes number 1 to 30. Isotropization of both orientation and rotation could be observed in the core region of the channel. 
INTRODUCTION
Disk-like particles occur in various industrial and environmental applications such as air-pollutants, natural clay minerals, drug delivery applications, ice crystal formation in clouds, and as flakes used for flow visualizations. Compared to the rod-like particles investigations related to the detailed dynamics of disk-like particle suspensions in turbulent flows are scare. It is anticipated that disk-like particles will orient themselves and rotate rather differently from rod-like particles. We also anticipate that inertial disks will exhibit a fundamentally different response to a turbulent flow field than the inertia-free tracers studied by Parsa et al. [1]. Our aim is accordingly to assess the effect of particle shape, parameterized by the aspect ratio, in combination with the particle mass, parameterized by a Stokes number based on translational inertia, on the orientation of disk-like particles and the resulting translational and rotational dynamics. In the interpretation of the results, it is essential to distinguish between the influence of translational and rotational inertia. The goal of the present study is to complement the existing DNS studies of turbulent suspensions of inertial rod-like prolate spheroids [2, 3] with data from simulations of disk-like oblate spheroids embedded in wall turbulence.
COMPUTATIONAL METHODOLOGY

The dynamics of rigid disk-like particles suspended in a fully developed turbulent channel flow is modeled in an Eulerian-Lagrangian approach. The flow is driven by an imposed pressure gradient in the streamwise direction with the frictional Reynolds number Reτ =180 based on the channel half-width h and the wall friction velocity uτ. The simulations are one-way coupled, which means that the turbulent flow field is unaffected by the presence of the particles. The instantaneous flow is obtained in a direct numerical simulation in which the three-dimensional flow field is integrated on a 1923 computational grid. In the present work, the methodology developed by Zhang et al. [2] and later extended by Mortensen et al. [3] is modified to study the dynamics of oblate spheroidal point-particles in channel flow turbulence. Simulations are performed for oblate spheroids with aspect ratios λ = 0.01, 0.1, 0.33, and 0.5 all for both Stokes number St = 1 and 30. We define the Stokes number based on the isotropic particle orientation as:
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where D is the ratio between particle and fluid density and 
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. Orientational and rotational particle statistics are computed by averaging instantaneous data in time between 5400τv and 10800τv and also in the homogeneous streamwise and spanwise directions.

RESULTS 

The mean velocity and the rms of the velocity fluctuations closely resembled earlier results reported for spherical particles and for prolate spheroids [3]. The modest shape effect on the translational motion statistics observed also for the oblate spheroids suggests that these disk-like particles sample the same flow regions as spherical and rod-like particles. Figure 1 shows the absolute mean spanwise particle orientation and it can be observed clearly a strong preferential orientation in the near wall region, i.e. the symmetry axis of the disk-like particle aligns with the dominant mean vorticity direction. The preferential orientation is enhanced for higher inertia (St = 30) and also with increasing aspect ratio λ, but the aspect ratio effect is most pronounced at St = 1. In center region of the channel, however, all three mean direction cosines |cosθi | approach 0.5 and accordingly reflect an isotropic orientation. This isotropization is obviously a consequence of the almost isotropic turbulence field in the channel core. The distinct preferential alignment of the symmetry axis of the oblate spheroids with the mean vorticity vector is qualitatively different from the preferred orientation of prolate spheroids in the streamwise direction [3]. The preferred spanwise orientation resulted in a significant mean spanwise rotation of the disk-like particles which can be observed in figure 2. At St = 1, the flattest disks (λ = 0.01) rotate substantially slower than the spheres next to the wall. This strong shape effect can be attributed to the modest preferential orientation of these particular particles, as shown in figure 1. The alignment with the mean fluid vorticity vector increases with λ, and so does the mean spin < ωy>. Likewise, the more inertial particles in figure 2(b) rotate faster than those in figure 2(a). This is consistent with the stronger preferential orientation seen in figure 1 which enables the disk-like particles to be spun up almost to the fluid spin <Ωy> = dU/dy. Since the preferential orientation of the Stokes number 30 particles is only weakly dependent on particle aspect ratio, so are the resulting particle spin.
The orientation and rotational dynamics of oblate spheroids suspended in a directly simulated turbulent channel flow have been explored for the first time with focus on shape and inertial effects. The present study is therefore complementary to earlier DNS studies of rod-like prolate spheroids in wall turbulence by [2, 3]. 
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Figure 1. Absolute values |cosθy | of mean direction cosine in spanwise direction: (a) St = 1; (b) St = 30.

Figure 2. Mean spanwise angular velocity < ωy> normalized by the viscous time scale τv: (a) St = 1; (b) St = 30.
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