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ABSTRACT

The homogeneous and stratified viscous fluid flamsund a sphere and a circular cylinder have
been investigated in the wide range of Reyn®dsind Froudd=r numbers by means of the direct
numerical simulation (DNS) and the visualizationtloé 3D vortex structures in the wake (where
Re =U-d/v, Fr = U/(N-d), d is the sphere diametd,is a buoyancy frequency). For DNS the explicit
numerical method SMIF (second-order accuracy icespainimum scheme viscosity and dispersion,
monotonous) has been used [1]. For the visualizadiothe 3D vortex structures in the fluid flows
the isosurfaces of have been drawing, whefeis the imaginary part of the complex-conjugate
eigen-values of the velocity gradient tensor.

Homogeneous viscous fluid. A circular cylinder wake. At Re > 191 there is a periodicity of the
flow along the circular cylinder axis. At 191Re < 300 and 30& Re < 400 the periodicity scales are
equal to 3.8 <A < 4d (mode A) and 08 < A < 1.0d (mode B) correspondinglyOwing to our
investigations it was found that the values of the maximum phagerdnce along the circular
cylinder axis are approximately equal to 0.1-0.dor mode A) and 0.015-0.030 (for mode B),
where the timd is the period of the flow [2].

Homogeneous viscous fluid. A sphere wake. The following classification of the 3D flow regimes
can be obtained from the published papers: 1) 2B8<270 — a steady double-thread wake;
2) 270 <Re < 300 - a double-thread with waves; 3) 30Bex< 420 — a procession of the vortex loops
(facing upwards); 4) 420 Re < 800 — a procession of the vortex loops withrtitation of the shear
layer; 5) 800 <Re< 3.7-10 - a procession of the vortex loops with the shieger instability;

6) Re>3.7-10 - the turbulent boundary laye®wing to our investigations the detailed formation
mechanisms of vortices (FMV) in the sphere wakeeHagen described for 280Re< 1000 [3]. In
particular it was shown that the detailed FMV fo70XxRe< 290, 290 Re< 320 and
320 <Re< 400 are different.

At 5-10 < Re< 4-10 the monotonous reduction of the time-averaged titay coefficient has been
observed (from value 0.455 to 0.155) due to tha@darrturbulent transition in the boundary layer. It
was shown that this drag crisis manifests itseligadhrough the formation of the separated bubbles
within the boundary layer (near the primary sepandine).

Stratified viscous fluid. A sphere wake. The clear understanding of the continuous transition
of the 3D vortex structure around a sphere withr@sing ofr has been obtained Bé < 500 [4].
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