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We have developed a new forcing method of turbulence by considering the interaction between large scale turbulence and
small scale turbulence. The latter is embedded in the former. The coupling between the two is expressed in terms of the mean rate
of strain tensor obtained by spatial average of it over the small domain inside the turbulence. It is found that the forcing of small
scale turbulence and the energy drain from the large scale turbulence strongly fluctuate intermittently. Numerical simulations of a
bumblebee model flying in the turbulent wake past a circular cylinder have been conducted. Estimates of the added energetic cost due

to the turbulent environment are reasonably obtained.

Keywords: turbulent mixing, nonequilibrium, inertial particle, clustering, collision rate

1. Excitation and energy transfer due to coupling
between large scale and microscale turbulences

In direct numerical simulation of cloud droplets and turbulent 012
transfer from the microscopic view point, a small parcel inside 0.1 ¢
cloud core is set and their dynamics is examined [1,2]. Instead 0.08 |
of using conventional method of random force to drive turbulent 006!
mixing, we have developed a new approach to more naturally g’
mimic the interaction between large scales greater than the 004
parcel and small scales in the parcel. Two box turbulence A 0.02 ¢
and B are introduced and turbulence B is embedded within the 0!
turbulence A. The coupling between the two is achieved via
the mean rate of strain tensor of turbulence A obtained by the il 0 5 10 -;5 2‘0 2'5 3‘0 3I5 40
spatial average over the domain size of the turbulence B. This t
term appears as forcing in turbulence B and eddy damping in Fig.l Time evolution of energy input rate in turbulence B
turbulence A. Two turbulences are simultaneously integrated
and interact each other. It is found that the force in turbulence B 0.16
and thus energy sink in turbulence A strongly fluctuate in time, 0.14
intermittently build up and decay as seen Fig. 1. The alignment 0.12
between the eigenvector of the mean strain tensor and the & o(z);
velocity vector of turbulence B is important. We will develop ~§ 0:06
this method to be applied to the coupling between LES for large g 0.04
scale turbulence and DNS for small scale turbulence. 0.02
0
2. Numerical Simulation of Micro Bio-Flight in -0.02

) -0.04 : —
Unsteady Turbulent Environment 0 5 10 15 20 25 30 35 40

The flow among urban buildings is highly turbulent with 1 9 t 3
strong intermittency as in Fig. 3, which shows the local flow Fig. 2 Time evolution of alignment of the velocity vector of turbulence
statistics behind a cylinder. When assessing the micro flight B and eigen vector of the mean strain tensor of turbulence A.
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in such unsteady turbulent flows, it is essential to consider the
interaction between the flight motion and the unsteadiness of
the flow. Topics of current intense study in bio-flight research
actually include the dynamics of flight in turbulence as well as
fluid-structure interaction of deformable wings and unsteady
aerodynamics mechanisms such as the leading-edge vortex
(LEV). The new results relative to these three topics, obtained
during the past year by one of the present authors, are as
follows. (I) Numerical simulations of a bumblebee model flying
in the wake past a circular cylinder have been conducted, to
obtain estimates of the added energetic cost due to the turbulent
environment, Fig. 4(a). We have shown that body rotations
experienced by flapping wing fliers result in the reorientation
of the aerodynamic force vector that can render a substantial
cumulative deficit in the vertical force, which leads to increased
energetic requirements. (II) Parametric study of the wing passive
pitching rotation model has been performed, using numerical
simulation, Fig. 4(b). Flapping wings of insects are designed

such that they produce positive lift during both upstroke and
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Fig. 3 Local flow statistics (specifically energy dissipation) in unsteady
turbulent flow behind a cylinder.
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Fig. 4 (a) Numerical simulation of bumblebee rolling in a vortex
street; (b) Passive feathering rotation of bumblebee wings; (c)
Illustration of the LEV of a flapping wing; (d) LEV line-vortex
model compared with a CFD simulation.
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downstroke. This is achieved by large pitching (feathering
angle) rotations at the end of each half cycle necessary for
maintaining positive kinematic angle of attack. In our study, the
insect is approximated by three rigid elements: the body and two
wings, which move with respect to each other. Time-periodic
positional angular motion of the wings is prescribed, while the
pitching rotation is determined from an ordinary differential
equation with the aerodynamic pitching moment obtained from
numerical solution of the Navier-Stokes equations. Preliminary
results of our study suggest that the hinged plate model provides
a reasonably accurate approximation of real insect wing
motion. (III) LEV helicity has been analyzed [3]. We examined
the helicity dynamics in flows over model insect wings in
connection with the effects that were previously described in
terms of the vorticity and the velocity. We proposed helicity as
a new diagnostic to study the vortices generated by flapping and
revolving wings. (IV) It was shown that the LEV circulation
depends weakly on the wing chord length distribution, as long
as it is wide enough to support the conical vortex shown in Fig.
4(c) [4]. (V) Simple closed-form estimates have been derived
for the LEV circulation and position [5], Fig. 4(d).
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