
Good afternoon. My name is Yaroslav Dynnikov, andGood afternoon. My name is Yaroslav Dynnikov, and

I present the paper «Numerical simulation of the flow-

structure interaction by the VVD method»
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VVD is an abbreviation for Viscous Vortex Domains. ThisVVD is an abbreviation for Viscous Vortex Domains. This

method has been proposed by GD in this work. More detailed

it's described in this book.

Among the well-known numerical schemes for the fluid

flow simulation, the closest to VVD method is Diffusion Velocity

method of Ogami and Akamatsu.

Далее по слайду
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Similar to the Diffusion Velocity method of Ogami andSimilar to the Diffusion Velocity method of Ogami and

Akamatsu, the VVD method is based on the fact that circulation

in a viscous fluid is conserved on contours moving with velocity

u=V+Vd (u is equal to the sum of fluid velocity V and so called

diffusion velocity Vd)

This follows from the Navier-Stokes equation

3



In VVD method we don't do any assumptions aboutIn VVD method we don't do any assumptions about

the vorticity distribution and shape of vortex elements.

The formula for calculating the diffusion velocity is

based on this expression, which is valid for any smooth

function. These discrete formulas are more accurate

than the formulas of Ogami, especially near the surfaces.

In Diffusion Velocity method the vorticity is

expressed as superposition of Gaussian-shaped vortices

with fixed core radius σ. Their method has a difficulty,

connected with choosing of value of σ, because vortices

should overlap everywhere in the flow for accurate

computing. The calculation of the vorticity distribution

and diffusive velocity near the surface isn't accurate.
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In VVD method we consider flow region to beIn VVD method we consider flow region to be

covered with an invisible grid, which moves according to

the previous slide, and therefore circulation of every cell

remains constant. We call such cells as vortex domains.

Actually we don't have to remember the shape of

contour. For each domain it's enough to control

coordinates of the only point.
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We move these points with velocity u andWe move these points with velocity u and

remember domains circulation gamma sub i, which is

constant. Thus we can calculate all flow characteristics.

Generation of new domains takes place on the

streamlined surfaces at every time step at each node of

the contour. Points of the flow separation are obtained

automatically.
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The expressions for hydrodynamic force, forceThe expressions for hydrodynamic force, force

moment and pressure have been derived in this work.

They all depend on circulations of newly generated

domains. It's remarkable, that they depend on

circulations linearly.

Here're written formulas for solid body, But we also

have ones for deformable and semipermeable surfaces.
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As it has already been mentioned, formation of newAs it has already been mentioned, formation of new

domains takes place on the streamlined surfaces at

every time step at each node of the contour. To find

circulations we use linear system, which includes:

boundary no-leaking conditions, and body motion

equations.

The no-slip condition is ensured by these 2 terms.

All new domains represent free vorticity.
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Testing of the method is shown here. This is classicalTesting of the method is shown here. This is classical

problem of longitudinal flow around the flat plate at low

Re number. This problem has an analytic solution.

Figure 1 represents shear stress over the plate

(smooth line represents shear stress for Blasius velocity

distribution, and sharp line corresponds to the numerical

results),

figure 2 shows position of domains control points.

Flow moves from the left to the right.

On this figure there're depicted Blasius velocity

distribution (solid line) and the numerical result

obtained by the VVD method (dots)

Thus we can see good coincidence between VVD

method results and theoretical data.
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The VVD method has been used for solving coupledThe VVD method has been used for solving coupled

task of autorotation of plates and impellers around their

axes. It was obtained numerically and confirmed

experimentally, that, depending on initial conditions,

two different regimes with autorotation and self-

oscillations of the considered bodies exist. During the

autorotation regime a «vortex satellite» is formed ahead

of the plate moving downstream. This vortex generates

lower pressure that supports autorotation.
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The flow-body interaction have been investigatedThe flow-body interaction have been investigated

using this method. It's a coupled problem of body

locomotion due to proper shape deformation.

1) Jellyfish with finite mass

2) Masses jellyfish

3) Tadpole

4) Fish
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Problem of tadpole swimming was considered moreProblem of tadpole swimming was considered more

detailed. The task was to investigate the energy

efficiency of its motion. Here's depicted tadpole model,

and here it's shown on the background of real photo.

To simplify the task we consider only one degree of

freedom – the movement along straight line without

rotation.

Our tadpole has ellipsoid head with proportions of

the golden ratio, and straight unbendable tail. Density of

tadpole and liquid are equal. Tadpole swings its tail in

this law.
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Here's shown an example of obtained results. ForHere's shown an example of obtained results. For

illustrativeness they're plotted in dimensional variables

in case of 1cm tadpole, swimming in water.

Instant power is being computed using this formula.

From this chart we can see its value serially becomes

negative. It means that tail usually does negative work.

In nature recuperation usually doesn't take place, thus

cases with setting power zero were also considered.
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We've modeled a lot of regimes, and analyzedWe've modeled a lot of regimes, and analyzed

dependency of tadpole's velocity and power

consumption on frequency and amplitude of tail

oscillations.

Here are shown isolines of velocity (green) and

isolines of power (red). It's visible that if tadpole wants

to move at a concrete speed, he should deviate his tail at

about half of his width.
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Thanks for your attentionThanks for your attention
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