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Interaction between a columnar vortex and turbulence

N. Takahashi*,

T. Takahashi**, and T. Miyazaki*

+  Dept. Mechanical Eungmeelmg and Intelligent Systems, Univ. Electro-Commun.

xx  Japan Aerospace Exploration Agency

ABSTRACT

The interaction between a columnar vortex and external turbulence is investigated nu-
=3

merically.

As the columnar vortex, the Lamb-Oseen vortex is used.

The columnar

vortex is immersed in an initially isomopic homogeneous turbulence field, which itself
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is pr Uuubtd oy
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Irent M ¥ 1
a direct numerical simulation of aecayiig turbulence. Statistical quailli-

anf atieal

tities, such as W o-point-energy-spectra and two-point-enstrophy-spectra, are evaluated
and compared with the theoretical predictions from rapid distortion theory (RDT). The
axial velocity correlation dominates near the vortex surface, whereas the radial velocity
correlation becomes larger where the worms are wrapped. Where the columnar vortex is
strong compared with the external turbulence, external velocity disturbances are blocked
by the vortex and they cannot penetrate into the vortex core directly, whereas various

types of vortex waves are excited.
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X 1: Arrangement of the columnar vortices in the

cubic box with periodic boundary conditions.
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2: Time evolution of the radial profile of the axial

(a) numerical data, (b) the Lamb-Oseen
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B 3: Evolution of the axisymmetric (m = 0} compo-
nent of the two point energy spectrum tensor summed

over k,, @;;(r,r,1;m): (a) axial component (®..) and
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(b) radial component{®,.).
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B 4: Peak values at 7(t) < r < 3rp(¢) of the ax-

isymmetric axial and radial two points energy spec-
trum tensor summed over k,, |®y;{r,r, ¢ m)|, which
has peaks at r > ry(i): axial component (|®,,], solid

line) and radial component (|®;,], dotted line) .
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Bl 5: Time dependence of max|®,.(r,r k. =
0.5, m = 1)| at various values of Ap.
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