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In our report we consider the problem which connected with traveling-wave phenomena
on polyphase transmission lines. This phenomena may be described by matrix telegraph
equations which can be reduced to the matrix equation of the second order

d2U/dx2 − Γ2U = 0,

where U is conductor voltage vector, I is conductor current vector, Γ is propagation matrix.
If Zs(x) is the impedance of the system at the sending end of interval [x, l], than matrix
differential equation for matrix Zs(x) can be written in the form

dZs(x)/dx = Zs(x)Y Zs(x) + Z(x) = 0,

where Y is shunt-admittance matrix per unit length, Z(x) is series-impedance matrix per
unit length. This equation can be obtained by elimination of U(x) and I(x) from the system
of telegraph equations.Connection between falling and reflecting wave at the fixed point x
determined by reflection factor K(x)

K(x) = (−E + Zs(x)Z−1
w (x))(E + Zs(x)Z−1

w (x))−1,

where Zw(x) is wave impedance of polyphase line, E is unit matrix. From last equation follow

Zs(x) = (E + K(x))(E −K(x))−1Zw(x).

If we substitute Zs(x) to equation (2) we obtain the matrix equation for matrix K(x)

dK/dx = A(x)K −KB(x)−KF (x)K + F,

where A(x) = Γ(x) + F (x), B(x) = Γ(x) − F (x), F (x) = (1/2)(dZw/dx)Z−1
w is matrix

function of local reflection. In the case when the parameters of the multiconductor line are
piecewise-continuous and the line has local nonhomogeneity in the point xi the function
of local reflection becomes Dirac δ-function K(x) = Kiδ(x − xi). Then we have impulsive
matrix equation. If the matrix A(x), B(x), F (x) and delta-function are periodic we can use
the theory represented in monograph [1].
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THE STABILITY OF THE SWIRLING FLOWS WITH APPLICATION TO
HYPERBOLIC TURBINES

Forica Ioana Dragomirescu, Diana Alina Bistrian,
Sebastian Muntean, Romeo F. Susan-Resiga(Timisoara)

The presence of a large variety of vortex flows in nature and technology has raised many
theoretical and numerical problems concerning the stability of such structures. In these
conditions, in order to minimize the simulation requirements for nonlinear time-dependent
problems, stability analyses of vortex motions are of main importance in flow control problems.
A particular case arises in the Francis turbines operate at partial discharge. The swirling flow
downstream the runner becomes unstable inside the draft tube cone, with the development
of a precessing helical vortex and associated severe pressure fluctuations [1].

The main goal of this paper is to develop a methodology for analyzing the swirling flows
with helical vortex breakdown by using the linear stability analysis of axisymmetrical swirling
flow fields. Obviously, the axial symmetry hypothesis is a major simplification having the
main benefit of dramatically reducing the computational cost [2]. On the other hand, it
introduces important limitations as far as the three-dimensionality and unsteadiness of the
flow are concerned. Essentially, an axi-symmetric flow solver provides a circumferentially
averaged velocity and pressure fields that it why is used as a basic flow for linear stability
analysis. However, this axisymmetric flow field provides a good indicator for the vortex
breakdown occurrence and development through the extent of the central quasi-stagnant
region, although the unsteady velocity and pressure fluctuations cannot be recovered.

First, the eigenvalue problem governing the linear stability analysis of the axi-symmetric
Batchelor vortex against normal mode perturbations is investigated for the case of high
Reynolds numbers using a spectral collocation technique [3]. The accuracy of the method
for is assessed underlying the necessity for the construction of a certain class of orthogonal
expansions functions satisfying the boundary conditions. Graphical representations of the
spectra are given pointing out the most unstable mode. Comparison of the eigenfunctions
amplitudes with the ones from [4] are presented proving that the obtained results agree very
well with the existing ones.

Next, the linear stability analysis is applied to the circumferentially averaged flow field
downstream to the hydraulic turbines runner operating at partial discharge. The circumferen-
tially averaged flow field cannot capture the unsteadiness of the 3D flow, it is used for stability
analysis. In particular, the methodology developed in this paper is particularly useful for
assessing and optimizing various techniques to stabilize the flow. The numerical evaluations
prove that the distribution of the radial eigenfunctions is similar to the one obtained by
numerical simulation in [1].
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