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Thin helical vortex dynamics in low-viscosity liquid
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Abstract. The problem of helical vortices description has the significant interest as from
fundamental point of view as well for practice. In some sense this problem is close to the
vortex ring one which attracted much more attention in last decades. The reviews on the
vortex rings investigations can be found in recent papers [1, 2] or in book by Akhmetov [3].
In particular, in series of papers by Kaplanskii with co-authors [4-6] there was considered
the viscosity influence on the vortex ring evolution. Separate attention was paid to the low
Reynolds number case and to high Reynolds number one, initial stage of viscous evolution
and final one. This paper presents first attempt for research on the diffusion and dynamics
of a viscous helical vortex.

In this work the problem of thin helical dynamics in low-viscosity liquid is considered. Appearance
of helical vortex in the flow assumes helical symmetry. It means, that all of flow characteristic will be
constant along the helical lines.

The flow of viscous incompressible fluid under condition of the helical symmetry is described in
variables vorticity — stream function by the system of equations [7, 8]
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Here (1, y) is helical variables, where y is determined with axial and tangential coordinates of cylindrical
system: y = 0 — z/1, (1, 0, z), 2=l is the pitch of helical symmetry, wz is the axial component of vorticity
vector, i is the stream function which relates to the velocity components as (3)
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Cartesian equation of continuity is
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Figure 1. Scheme of helical vortex. h = 2xl, S, is the vortex core cross-section by plane z = const, S, is its normal
cross-section.

Stream function is determined with follows correlations:

oy oy

. 2 12 _ . =, 2 12 _ Uy = ——,
uy(y"+10)—xy-u, 3y u(x"+1I7)—xy-u p or

1 SNG4 oy
¥ = 5T Fy— —xy— ),

" P(x2+y2+12) ((x + )ay Y ox

1 W o W

Uy 12(x2 + y2 + 12) (‘xy ay (y + )ax

Now we define Cartesian vorticity vector components taking to account the flow helical symmetry

- Y o X 0 _yo _ x0y.
(uz = o+ gUx — JUy, 72 = 757 = 75))

Uy, — yo, Uy +xow; Ouy,  Ou,
) Wy = ———, wz - A
l 7 l Ox Jy

Boundary conditions for helical vortex:
¥ (0,0,2) = 0,(0,0,z) =0; x —>00, y—>o0: Yy—>0, w,—0.

Expressions given above refer to the case of the right helical symmetry flow. In the case of the left helical
symmetry flow we should to account variable 1 to be a positive. For the left symmetry transition it is
easily to change the sign of 1 (I will be negative).

There are some methods of solving of the helical vortex diffusion. One of these methods is to fix
variable 1 and to find the solution as a function which depends on the vortex core radius ¢ and the vortex
radius a. (see Fig. 1).

Let us find the solution of the Eqs. ((1)—(2)) for the helical vortex with thin core which spreading in
the low-viscosity liquid. As in the paper [5], we set some initial non dimensional values of the helical
radius and helical core radius: a,(t)) = ag, &4(ty) = &o.

After that, we introduce the local coordinate (g, 6) in a plane perpendicular to the vortex axis and
cross the axis in the point (a, 0, 0)

Vx2 4+ yrcos(¢p) = a + g cos(h),
Vx2 + y?sin(¢p) = o sin(0) cos(a),

z = —o sin(0) sin(a),

01021-p.2



Thermophysical Basis of Energy Technologies

and we consider two types of the non dimensional:
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Unknown functions is presented as a sum of two members, each of them depends on one of variable
type:
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Here g is the some of characteristic vorticity scale is determined separately, dy = &/ay is the
decomposition parameter with the same order of the value § = ¢*/ a*.
The zero-th order solution for vortex diffusion that is valid as for rectilinear vortex as well as for any
curved vortex is obviously the Lamb-Oseen solution:
2
Oy (0, 1) = ——e 7 /41
tan ( ) 47'[])t
otan denotes the vorticity projection on the tangent to the vortex axis.
Analysis of Egs. ((1),(2)) in view of decomposition (4, 5) yields first approximation
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that has the same view as solution for vortex ring in [5]. Here 10 is the modified Bessel function of
zero-th order.

Finally we have derived that at passing through a long time period the vorticity distribution tends
again to the Lamb-Oseen solution
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As a result in this work the first results on the thin vortex diffusion at the high Reynolds numbers was
obtained. In the future is planned to obtain as the vorticity and stream function members of the higher
order as well as the helical vortex spread velocity depending on time and to consider the case of the low
Reynolds numbers.
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